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Abstract

Recent advances in biological therapies have revolutionalised and redefined
treatment targets in inflammatory bowel disease (IBD). There is now a stronger
emphasis on achieving the more stringent therapeutic goals of mucosal and
histological healing, rather than clinical remission alone. Consequently, the
treatment of refractory “functional” gastrointestinal symptoms, often attributed as
the aftermath of previous inflammation, has recently become more prominent in
quiescent disease. With further expected advances in anti-inflammatory
treatments on the horizon, the burden of such symptoms in quiescent disease,
which have been relatively neglected, is set to become an even bigger problem. In
this article, we highlight the current state of research and understanding in this
field, including recent developments and clinical practice guidelines on the
diagnosis and management of functional gastrointestinal symptoms, such as
irritable bowel syndrome and functional anorectal and pelvic floor disorders, in
patients with quiescent IBD. These disorders are not only highly prevalent in
these patients, they are often misdiagnosed, and are difficult to treat, with very
few evidence-based therapies. Moreover, they are associated with substantial
impairment in quality-of-life, considerable morbidity, and psychological distress.
There is therefore an urgent need for a change in emphasis towards earlier
recognition, positive diagnosis, and targeted treatment for patients with ongoing
functional gastrointestinal symptoms in the absence of active IBD. This article also
highlights the need for further research to develop much needed evidence-based
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Core tip: Functional gastrointestinal symptoms, in the absence of inflammation, affect
around one-third of inflammatory bowel disease (IBD) patients in remission, causing
significant psychological distress and impairment of quality of life. As IBD therapies
continue to advance, functional gastrointestinal symptoms, as a consequence of previous
inflammation, are set to become a bigger problem. Here, we review the current evidence
base, highlight a recently proposed diagnostic algorithm, and discuss empirical treatment
guidance for functional gastrointestinal symptoms in quiescent IBD. We also discuss
future considerations and areas of unmet need to stimulate further research.
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INTRODUCTION

Recent advances in medical therapies for both ulcerative colitis (UC) and Crohn's
disease (CD) have improved the frequency and depth of remission in patients with
inflammatory bowel disease (IBD)!". With the current availability of biological agents
targeting multiple disease mechanisms including anti-tumour necrosis factor-a, anti-
integrin, and anti-interleukin 12/23 drugs, as well as janus kinase inhibitors, the goals
of IBD treatment have changed dramatically in recent years. Moreover, the
introduction of several, more cost-effective, biosimilar drugs, have also improved
access to some biological agents!.

As a result of these developments, complete mucosal and histological healing,
which appears to lead to improved outcomes for patientst™], has become a realistic
therapeutic target. Consequently, clinical remission is no longer the recommended
standard of care, and a more aggressive, “treat to target approach” , has been
advocated™?. This change in emphasis, together with the use of biochemical and
endoscopic measures of subclinical inflammation to assess disease activity, has led to
increasing awareness of a group of patients with IBD who have refractory
gastrointestinal symptoms, in the absence of objective inflammation!l. Indeed, recent
data have shown that there is often a poor correlation between symptoms and mucosal
inflammation in IBD!"l. Although the potential for co-existence of “functional”
gastrointestinal symptoms in a proportion of patients with quiescent IBD was first
described over 30 years ago!'", this group of patients has received minimal attention in
the medical literature until relatively recently.

The pathophysiology of functional gastrointestinal disturbances in quiescent IBD is
likely to be multifactorial, with numerous experimental studies demonstrating post-
inflammatory changes in gut motility!'>""], permeability!*"], impaired colorectal
function (abnormal colonic tone, rectal compliance and impaired anal sphincter
function)!], and visceral hypersensitivity*1. With further progress in controlling
inflammation successfully in patients with IBD anticipated, it is likely that there will be
an even higher burden of refractory functional symptoms in IBD clinics in the future.
However, despite overlap of functional symptoms being common in patients with
IBD, there are limited evidence-based treatment options. This article discusses recent
developments in this field, to highlight areas of unmet need, and suggest future
directions and treatment paradigms.

The importance of early recognition and a positive diagnosis of functional overlap

Functional gastrointestinal disorders (FGIDs), are the most common disorders seen by
gastroenterologists'”!, affecting around 35% of the general population'”!. Based on their
putative pathophysiology, these disorders have recently been re-defined as disorders
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of gut-brain interaction, and there is now an increased emphasis on making a positive
diagnosis of the majority of these conditions, using symptom-based criteria, in the
absence of red flag symptoms**l. In the general population, functional bowel
disorders are the most common of these disorders of gut-brain interaction, affecting
almost 30% of people™! and, interestingly, these conditions have a similar, or even
higher, prevalence in the IBD clinic”'l. Indeed, pooled prevalence data from a 2012
meta-analysis suggested a prevalence of symptoms compatible with irritable bowel
syndrome (IBS) of 35% in quiescent IBD, with a higher prevalence in CD compared
with UCP,

The majority of studies included in this meta-analysis pre-dated the availability of
faecal calprotectin (FC) as a non-invasive biochemical marker of gut inflammation and
therefore reported the frequency of IBS-type symptoms in patients in clinical
remission. However, even in subsequent studies that have used markers of
biochemical remission, such as FC, mucosal remission, or histological remission the
proportion of patients with IBD reporting these symptoms remains in the region of
25% to 30%-1. Importantly, and consistently, these functional bowel symptoms in
IBD are associated with significant psychological distress, and impair quality of life to
a similar extent to that seen in patients with IBD with confirmed active gastrointestinal
inflammation®~**1. Similarly, although even less well studied, functional anorectal
disorderst™ including evacuatory disorders™ and faecal incontinencel""'], are often
reported in patients with quiescent diseasel™. In the absence of active inflammation,
escalation of IBD therapy, including potentially inappropriate use of corticosteroids or
immunosuppressive drugs is likely to be futile”’, leading to further patient
dissatisfaction, costly, and carries the risk of serious adverse effects!*1. This
underlines the importance of early recognition of functional gastrointestinal symptoms
in patients with IBD.

Unlike the diagnosis of FGIDs in a non-IBD population, the diagnosis of
overlapping FGIDs in IBD first requires some investigation, in order to exclude active
inflammation. As recommended in a recently proposed diagnostic algorithm, a
stepwise approach using biochemical tests including FC, followed by endoscopy and
biopsies, or cross sectional imaging, should be followed™!. Although not the focus of
the current paper, it is also important to consider and, where appropriate, exclude
treatable mimics of FGIDs, such as bile acid diarrhoea, small intestinal bacterial
overgrowth, or pancreatic insufficiency, particularly where there are risk factors such
as ileal disease or a history of predisposing surgical intervention.

Following the exclusion of active inflammation and important potential mimics,
careful consideration should be given to the likely mechanism of symptoms, based
upon the predominant clinical features, and recognising that there are likely to be
several perturbations contributing to the pathophysiology. In addition to the
traditional IBD-focused clinical history, particularly in the absence of active
inflammation and structural pathology, screening questions for positive diagnostic
features of FGIDs and risk factors for pelvic floor dysfunction are important!™l. These
include IBS symptoms (abdominal pain, bloating, and altered bowel habit or stool
form), obstructive defaecatory symptoms, including incomplete emptying, straining,
features of overflow diarrhoea or impaction, and rectal digitation. The latter is an
important clinical feature, which appears to be predictive of response to pelvic floor
biofeedback™!l. Faecal incontinence should also be specifically screened, for as it has
been shown to be highly prevalent in patients with IBD™, but may be underreported
due to embarrassment on the part of patientst™l. This approach will help identify those
in whom pelvic floor and anorectal physiology investigations are appropriate.

Current strategies for management of functional gastrointestinal disorders in IBD
One of the most important steps in managing overlapping FGIDs in this context is
optimising the patient-provider relationship, providing clear, understandable
explanations, and a positive diagnosis. This is likely to improve acceptance of the
diagnosis, engagement with treatment, and also helps manage expectations, all of
which are important in achieving a positive clinical outcome.

As highlighted in a recent expert review!, there are very few randomised
controlled trials or prospective studies on the management of functional
gastrointestinal symptoms in IBD. Current practice is therefore largely empirical, and
often based upon the central tenets of IBS management using dietary,
pharmacological, or psychological approaches (Table 1). One of the interventions with
some evidence in clinical trials, as well as in a blinded re-challenge study in quiescent
IBD, is a diet low in fermentable oligo-, di-, or mono-saccharides, and polyols
(FODMAPs)1 Further evidence for the low FODMAP diet in patients with
quiescent IBD and co-existent functional gastrointestinal symptoms comes from recent
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Table 1 Therapies empirically used to treat functional gastrointestinal symptoms in inflammatory bowel disease requiring validation in

future clinical trials

Treatment Gastrointestinal symptom(s) targeted

Low FODMAP:s diet Bloating, visceral pain, diarrhoea

Anti-motility agents (e.g., loperamide, ondansetron) Exaggerated gastro-colic reflex, faecal urgency, diarrhoea, faecal
incontinence

Laxatives and pro-motility agents (e.g., prucalopride, linaclotide) Slow colonic transit, constipation

Antispasmodics Visceral pain, bloating

Gut-brain neuromodulators (e.g., antidepressants) Visceral pain, faecal urgency, diarrhoea

Probiotics Bloating, altered bowel habit

Pelvic floor biofeedback

Evacuatory dysfunction, faecal urgency, faecal incontinence

Psychological interventions (e.g., hypnotherapy, cognitive behavioural Visceral pain, bloating, altered bowel habit, non-colonic symptoms

therapy)

FODMAPs: Fermentable oligo-, di-, or mono-saccharides, and polyols.

Jaishideng®

trial data demonstrating a significantly greater improvement in gastrointestinal
symptom scores and significantly higher rates of symptom relief after 4 wk of a low
FODMAP diet, compared with a sham exclusion diet".

Unfortunately, there remains very little evidence for the efficacy of specific
pharmacological therapies in this patient group. Current approaches include the use of
laxatives, prokinetics, such as prucalopride in those with chronic constipation (often
those with distal colonic disease or proctitis), antispasmodics, anti-diarrhoeal drugs,
such as loperamide, or central neuromodulators, such as antidepressants!*l. Although
the latter class of drugs are one of the mainstays for the treatment of abdominal
symptoms in IBS", to date there has been only one randomised controlled trial in CD,
which did not show any benefit of fluoxetine in preventing relapse of disease activity
in patients with quiescent disease™. In another retrospective study, using tricyclic
antidepressants, the authors demonstrated moderate improvement of residual
symptoms despite “optimal” medical therapy, particularly in those with UCI
Despite the fact that certain probiotics appear beneficial in the induction and
maintenance of UC in particular®], their efficacy in patients with overlapping FGIDs
and quiescent disease has not been evaluated specifically, and should be assessed in
future clinical studies.

In patients with anorectal dysfunction, or pelvic floor dyssynergia confirmed on
anorectal physiology, targeted pelvic floor physiotherapy and biofeedback therapy
appear to be of benefit in several small uncontrolled studies™**4, underlining the
importance of screening for these conditions in the IBD clinic. Several psychological
interventions have been shown to be of benefit in patients with IBS, including gut-
directed hypnotherapy!™! and cognitive behavioural therapy (CBT)". Although these
interventions may also benefit some patients with IBD, there have been few studies to
date, most of which have not been conducted in patients with co-existent functional
gastrointestinal symptoms!®l. Although the long-term benefits are unclear, CBT may
have a short-term role in improving depression and quality of life in patients with IBD,
and hypnotherapy has been shown to be of benefit in only two small studies!**"\.

CONCLUSION

Co-existent FGIDs are common in IBD, and are often under recognised and difficult to
treat. Clinicians specialising in IBD are likely to soon become victims of their own
success; as treatments targeting inflammation continue to improve they are likely to
see more functional gastrointestinal symptoms, as a consequence of prior
inflammation, in their clinics. There is therefore the need for a paradigm shift in the
approach to some patients with IBD. Previously, in the absence of active inflammation
as a cause for their symptoms, patients were often given reassurance that their disease
was quiescent, but little else in the way of explanation as to why they were
experiencing these symptoms, or how they should be managed. With improvements in
our understanding of FGIDs in quiescent IBD, it is essential that clinicians have a
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positive, structured, approach to managing these patients. The recent American
Gastroenterological Association clinical practice update and diagnostic algorithm has
helped raise awareness of these issues, and provided some much needed
recommendations as to how to approach this group of patients!*’. There remains,
however, an urgent need for evidence-based therapies, as most of the pharmacological
treatment of these symptoms is empirical, and extrapolated from the IBS literature. At
present, the key to successful management of FGIDs in IBD is recognition, early
diagnosis, clear communication, avoidance of inappropriate escalation of IBD-related
medications, and a careful and holistic clinical assessment to select appropriate
patients for a low-FODMAP diet, and pelvic floor and physiology investigations. The
latter, in the appropriate setting, may lead to targeted interventions such as
biofeedback, which can improve symptoms as well as quality of life.

Future research should focus on developing specific evidence-based treatments for
quiescent symptoms in IBD, based on the results of well-designed clinical trials. A
forthcoming randomised study in the United Kingdom, funded by the National
Institute for Health Research, has been designed to study the effectiveness of both
dietary and pharmacological interventions in this setting. The study, a multi-arm
multi-stage trial of a low FODMAP diet, amitriptyline, ondansetron, or loperamide,
will include almost 500 patients with UC with ongoing diarrhoea, despite a FC < 250
mcg/ g™l It is anticipated that this trial will provide much needed evidence as to how
best to manage this group of patients. In addition to identifying effective medical
therapies, there is also a need to develop a better evidence-base for psychological and
behavioural therapies, as well as pelvic floor interventions, with larger clinical trials in
patients with quiescent IBD. An improved understanding of the mechanism of pelvic
floor dysfunction in quiescent disease as a prelude to potential neuromodulatory
therapies is also required.
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Abstract

Hepatocellular carcinoma (HCC) is characterized by high heterogeneity in both
intratumoral and interpatient manners. While interpatient heterogeneity is related
to personalized therapy, intratumoral heterogeneity (ITH) largely influences the
efficacy of therapies in individuals. ITH contributes to tumor growth, metastasis,
recurrence, and drug resistance and consequently limits the prognosis of patients
with HCC. There is an urgent need to understand the causes, characteristics, and
consequences of tumor heterogeneity in HCC for the purposes of guiding clinical
practice and improving survival. Here, we summarize the studies and
technologies that describe ITH in HCC to gain insight into the origin and
evolutionary process of heterogeneity. In parallel, evidence is collected to
delineate the dynamic relationship between ITH and the tumor ecosystem. We
suggest that conducting comprehensive studies of ITH using single-cell
approaches in temporal and spatial dimensions, combined with population-based
clinical trials, will help to clarify the clinical implications of ITH, develop novel
intervention strategies, and improve patient prognosis.

Key words: Hepatocellular carcinoma; Tumor heterogeneity; Tumor microenvironment;
Single-cell analysis; Local immunity
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INTRODUCTION

Liver cancer is one of the leading causes of cancer-related death worldwide, and
approximately 90% of these deaths are attributed to hepatocellular carcinoma
(HCC)M. With several non-surgical therapeutic options (e.g., transcatheter arterial
chemoembolization, radiofrequency ablation, stereotactic body radiation therapy, and
systemic therapy) available, liver resection and liver transplantation remain the
mainstay of cure of HCC. However, less than 30% of patients are eligible for surgery,
and a considerable number of them will succumb to rapid tumor recurrence or
metastasis”. Furthermore, HCC can demonstrate primary or secondary resistance to
other interventions, including chemotherapy, targeted therapy, and immune
checkpoint blockade. However, despite many cellular and molecular mechanisms
revealed, the refractory nature of HCC to treatments is still far from understood. Thus,
new perspectives are warranted to decode this intractable issue.

Intratumoral heterogeneity (ITH), first described in the 1830s by German
physiologists Johannes Muller and Rudolf Virchow!”, is now found to be ubiquitous in
all types of tumors and accounts for nearly all aspects of tumor progression®l.
Currently, people have realized that heterogeneity is not only a distinct morphological
profile but also implicates genetics, epigenetics, transcriptomics, proteomics,
posttranslational modification (PTM)-omics, metabolomics, and diverse tumor
microenvironments (TMEs). Systematic ITH causes a wide functional divergence,
providing a platform to perform natural selection in the particular TME and
promoting the malignant phenotypes of HCC. Fortunately, the rapid development of
next-generation sequencing (NGS) and mass spectrometry techniques has made
elegant analysis of ITH a reality in recent years. Several advances in HCC have been
achieved to help us gain in-depth insight into the evolutionary mode of tumorigenesis
and development, the regulatory pattern of the signaling network, and the interaction
between tumor cells and their microenvironment. Nevertheless, how to integrate the
discoveries and implications of ITH into clinical practice is rarely discussed.

In this review, we provide an overview of ITH in HCC from microscopic to
macrocosmic approaches to explore the clinical implications of ITH. Based on a
systemic search of relevant studies from single-cell to population-based designs, we
summarize the common patterns of ITH in HCC and propose a practicable way to
guide the clinical management of this deadly disease.

CELLULAR HETEROGENEITY AND CANCER STEM CELL

Although heterogeneity at the DNA, RNA, and protein levels is frequently
investigated, cells are actually the fundamental element of tumor heterogeneity that
may impact tumor progression. Heterogeneity itself does not have a malignancy-
specific implication since all healthy, transformed, and cancerous cells sustain
heterogeneity to some extent. In the liver, hepatocytes are organized from the central
vein to the portal node, showing a strong regularity of the gene expression profilel*l.
For example, the expression of Alb, Glul, Cyp2el, Cyp2f2, and other hepatocyte
markers in different locations can be extremely different. Such cellular heterogeneity
presented by highly regulated gene expression and exquisite cell spatial distribution is
required for the normal physiological function of the liver. When hepatic cells
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transform, precancerous nodules show heterogeneous genetic and epigenetic patterns
as welll.

For cancer, pathologists first used microscopes to identify the diversity among
tumor cells. Due to the limitation of observational technologies, it took more than a
century to describe and explore cellular heterogeneity through pathological sections
and immunohistological staining!”, by which ITH cannot be quantitatively evaluated.
Thanks to the emergence of single-cell analytic approaches (e.g., single-cell sequencing,
single-cell immunoblotting, single-cell mass spectrometry, and single-cell multiomic
techniques) in the last decade, it is currently possible to establish a clear panorama of
cellular heterogeneity™'!. Hou et al'! developed scTrio-seq, a single-cell triple omics
sequencing technique, and provided the first piece of evidence regarding the genetic
heterogeneity in HCC at a single-cell level. Two subpopulations with distinct
biological functions were observed by unsupervised hierarchical clustering based on
genomic copy-number variations (CNVs), although the cells in the same subset were
also not identical'”. Since then, cellular heterogeneity has been repeatedly
corroborated in HCC from genomic, transcriptomic, and other dimensions!"*'?l
(Table 1).

Since cellular heterogeneity varies greatly among individuals!*'7, it is of great value
to find the key subpopulations of cancer cells with greater influence on ITH for further
studies. Hence, a subset of cancer cells with stemness features, also known as cancer
stem cells (CSCs), has attracted much attention**1. Hepatic CSCs can be identified by
various cell surface markers. For instance, EpCAMP*1, CD90 (THY-1)%1, CD24"**1,
CD133 (Prominin-1)"*%**1, CD13 (ANPEP)*1, CD44l'>**], CD47"", and others have
been identified in HCC in independent studies using single-cell sequencing!*'’l. More
importantly, single-cell transcriptomic profiling indicated that stemness gene
expression seemed to be consistent with the cancer diversity score based on principal
component analysis and was significantly related to clinical outcomes!'*'"*l. These
findings coincide with the “cancer stem cell model”, which is favored to explain the
origin of ITH recently®™! (Figure 1). Predominantly, this model demonstrates that
only CSCs possess the capability of self-renewal, differentiation, and maintenance of
tumor growth™*l. Similar to the normal tissue hierarchy, the hierarchical organization
in cancer results from the punctuated proliferation of CSCs and consequently shapes.

Accumulating evidence likely reflects the fact that, even as an extremely tiny subset,
CSCs can still be divided into various subpopulations with distinct cell membrane
markers, molecular makeups, and functional phenotypes. Recently, elegant studies by
Zheng et al'l and Ma et al"”! provided direct evidence of hepatic CSC heterogeneity
and its clinical implications at a single-cell resolution. CSC sorting by CD24, CD133,
and/or EpCAM proliferated divergently in both normoxia and hypoxia and showed a
distinctive spatial distribution within HCCI""l. These findings demonstrated the uneven
distribution of functionally diverse CSC subpopulations across different regions, and
the current understanding of CSCs may only reflect the features of specific
subgroups“3. Moreover, CSC identity is not immutable!'*"”l. Under the influence of
genetic stochastic mutation and recombination, epigenetic modifications, and field
effects in the TME, reversible transformation can occur between CSCs and non-CSCs,
which establishes new hierarchical CSC clones to enrich ITH tremendously™**. This
ability to reconstruct heterogeneity cautions against therapies targeting CSC-related
membrane epitopes and increases the difficulty of ITH management.

However, CSCs are not an undruggable subset. Growing evidence suggests that
plenty of environmental factors, such as hypoxia, inflammation, and DNA damage,
play crucial roles in CSC phenotypes mediating in various cancerst*l. As an
illustration, hypoxia has received considerable attention in recent years!). Similar to
oxygen gradients between arteries and veins in liver lobules, abnormal vascular
perfusion in HCC induces differential activities of the HIF signaling pathway in an
oxygen-dependent manner, and consequently stemness. Hence, it is a promising
therapeutic strategy for treatment of CSCs and heterogeneity.

Further identification of CSC subpopulations and the regulatory mechanism of the
CSC transformation process is of paramount importance to clarify the roles of CSCs in
the development and management of ITH. An advanced understanding of CSCs may
create new opportunities for overcoming cellular heterogeneity.

CLONAL HETEROGENEITY REVEALS TUMOR EVOLUTION

In addition to single-cell technologies, multiregional sampling, the method to sample
biopsies from multiple regions within a single tumor, is the most common
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Table 1 Summary of studies on intra-tumoral heterogeneity in hepatocellular carcinoma using single-cell sequencing

. Patients g

No Time (n) Cells (n) Methods Findings Ref.

Studies on cancer cells

1 2016 1 25T scTrio-seq (DNA, DNA Two subpopulations were identified based on CNVs, DNA methylome, [

methylation, mMRNA) or mRNA.

2 2018 3 9 T+15N Single-cell WGS HCCs can be of monoclonal or polyclonal origins. Models of late (Y
dissemination and early seeding have a role in HCC progression.

3 2018 1 118 CSCs + 860  mRNA (SMART-Seq +10X)  Different CSC subsets contain distinct molecular signatures, and are Y

unsorted associated with prognosis.

4 2019 1 139T mRNA (C1) EPCAMH+ cells had upregulated expression of multiple oncogenes and [T

sustain CSC property.

Studies on immune cells

5 2017 6 5063 T cells mRNA (Smart-Seq?2) 11 T cell subsets were identified based on their molecular and functional ™
properties.
6 2019 16 CD45+ cells mRNA (10X + Smart-Seq2) 40 immune cell subsets were identified, as well as their distinct roles in (=
(66187 + 11134) HCC development.

Studies on both

7 2019 setl:13 setl: 5115set2: mRNA (10X) Tumors with higher transcriptomic diversity were associated with (1

set2: 6 4831 higher VEGFA expression, lower cytolytic activities, and worse outcome.

8 2019 4 19625 mRNA (microwell-seq) The extent of heterogeneity in both tumor and immune cells varies 2]

among patients.
9 2020 2 38553 mRNA (10X) Cancer cells from the same tumor were divided into different Hoshida =
subclasses and had different effects on immune infiltration.

T: Tumor cells; N: Normal cells; HCC: Hepatocellular carcinoma; WGS: Whole-genome sequencing; CSCs: Cancer stem cells; CNVs: Copy-number

variations.

investigational strategy to determine the extent of ITH"*". This strategy is based on
the “clonal evolution model”, which was first proposed by Nowell! in 1976, and
became the most accepted hypothesis to depict the process of ITH in addition to the
“CSC model”. In this theory, carcinogenesis is considered to be a stochastic process.
Numerous random genetic alterations created by genomic instability and continuous
stimulation of carcinogens results in the emergence of subclones. The subclones with a
survival advantage in a spatiotemporally specific microenvironment will establish
dominance, while the non-adaptive subclones will be eliminated. Upon the selective
pressure of the TME, the complex architecture of ITH is preserved and dynamically
reorganized™ ! (Figure 2).

Using a multiregional sampling strategy, spatially neighboring clones that are
supposed to be genetically more similar can be pooled and compared with bulk
samples from other regions. In early studies, ITH in morphology and genomics was
poorly described™ . Subsequently, bulk whole-genome sequencing (WGS),
whole-exome sequencing (WES)"*, targeted sequencing®], single-cell se-
quencing™*, and DNA methylation profiling"*"! were introduced into heterogeneity
studies to quantify genetic alterations and provide a more comprehensive blueprint of
hepatic ITH. Public, shared, and private genetic changes were defined to construct an
evolutionary tree of tumor subclones!*l. As expected, the variable extent of ITH and
the branch evolutionary model are well recapitulated*”"*", and subclonal populations
that are spatially closer tend to be genetically more similar in both planar and solid
models™®], which suggests the existence of a common ancestral clone and a
continuous clonal expansion pattern with the accumulation of mutations. In the
meantime, the time when potential driver mutations formed can be estimated. Similar
to the mutation profile of HCC, the most common alterations, such as key driver
mutations (e.g., TP53, CTNNB1, and TERT) and CNVs (e.g., amplification in 1q and
deletions in 4q and 16q), are mostly identified in the trunks"-"*'"], revealing that they
may represent an early event in HCC progression. However, an uneven distribution of
driver mutations in TP53 and CTNNBI1 across different regions was also observed in a
minority of patients >l These findings indicated that this heterogeneous
disease can be either monoclonal or polyclonal in origin. Additional mutations in

WJG | https://www.wjgnet.com 3723 July 14,2020 | Volume26 | Issue26 |

Jaishideng®



Zhang Q et al. Intratumoral heterogeneity of HCC

Intra-tumoral
heterogeneity

\J

Qe @O

|

© €066

@~

@ Non-CSC

}? } TME pressure Proliferation arrest

. Non-CSC acquiring CSC properties

Figure 1 The cancer stem cell model and intratumoral heterogeneity. The cancer stem cell (CSC) model assumes that only CSCs possess robust self-
renewal characteristics and the ability to differentiate. Different stimuli of CSCs induce distinct functional phenotypes to adapt to certain environmental stresses. Non-
CSCs can spontaneously convert to a stem-like state and establish a new hierarchical CSC clone under certain circumstances. Consequently, the extent of ITH in
hepatocellular carcinoma increase gradually. CSC: Cancer stem cell.
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AXIN1, RB1, KIT1, FAT4, and other HCC-related genes involved in clonal evolution
could dramatically change marker expression (e.g., CK7, B-catenin, and GS) and
functional phenotypesl®>*%l Tt is the functional diversity that promotes tumor
development and, more importantly, worsens clinical outcome®!. Unlike genetic
alterations, ITH of genomic methylation appears prior to tumor initiation and forms
clonal expansions in nonmalignant tissues!”*’l. In regard to cancer, regulation of DNA-
methylated heterogeneity acts in a conservative manner, largely driven by the tumor
itself and significantly related to tumor progression!'l.

Clearly, clonal diversity changes dynamically with tumor evolution, but ITH is not
necessarily correlated with positive changes. In support of this hypothesis, the
findings of several studies have suggested that various genetic alterations in the single
key gene across regions (e.g., loss-of-function and stop-gain mutations in CTNNB1)
embody convergent evolution of HCC under microenvironmental stresst**l. However,
one size does not fit all in regard to clonal evolution. A study collected 286 samples on
a plane of a single HCC and drew the most elaborate clonal map of HCC to datel*.
More than 100 million mutations are defined, illustrating astonishing genetic
heterogeneity and a non-Darwinian mode during HCC development. In addition,
another work using single-cell genome sequencing likely demonstrated the
punctuated pattern!””], which is characterized by the early occurrence of numerous
genetic alterations!”’l.

Another focus in ITH studies based on multiregional sampling is tracking the
origins of different nodules to clarify the significance of ITH in invasion and
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Figure 2 Branched evolution shapes intratumoral heterogeneity. As a result of branched evolution, the genetic heterogeneous subclones may be
generated through two different trajectories. In the gradual pattern, subclones increase gradually due to genomic instability or microenvironment changes, such as
acquired drug resistance and metastasis caused by systemic therapy. However, the punctuated pattern, also known as big bang mode, supposes that all subclones
already exist in early development of hepatocellular carcinoma (HCC). Different subclones obtain a survival advantage in spatiotemporally specific microenvironment
and change the extent of intratumoral heterogeneity at a clonal level. This model provides an explanation for early metastasis and natural resistance of HCC in clinic.
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metastasis. Comparing the primary lesions with intrahepatic metastases, tumor
thrombi, and satellite nodules found that migration is likely to occur either at the early
or late stage of HCC development, while satellite nodules appear at the late
stagel”***l. Multicentral lesions, regarded as a unique subtype of HCC, share few
common driver mutations, which implies a parallel evolutionary pattern®*>®“l. These
findings provide a theoretical basis for accurate differentiation between intrahepatic
metastases and multicentric lesions in clinical practicel™ .

Generally, a multiregional sampling strategy improves the ability to explore the
symbiotic relationship between clonal heterogeneity and tumor evolution and enriches
the value of ITH investigations in precision medicine. However, it can be impractical
to obtain multiregional samples from an advanced tumor in clinical practice due to the
high risk of bleeding after biopsy. A clinically friendly approach for ITH investigation
is urgently needed.

FUNCTIONAL HETEROGENEITY ORCHESTRATES THE TUMOR
ECOSYSTEM

Although studies of genetic and epigenetic heterogeneity reflect the life history of
tumors, functional diversity is the factor affecting clinical outcome directly. The
concept of “functional heterogeneity” was proposed in 2018 to integrate information
on genomics, nongenomics, stemness, and TME heterogeneity!”. Here, we adopt this
concept to summarize the functional and microenvironmental characteristics of ITH
and discuss its significance in tumor progression and treatment.

Transcriptomic**”? and proteomic profilings’! take the lead in describing
functional heterogeneity. Unsurprisingly, ITH at the RNA and protein levels is
apparent. However, the gene expression profile does not seem to strictly follow the
law of genetic alterations*>>”’l and has poor relevance to tumor geometry. Due to
the distinct gene expression profiles across regions, neither the origin of metastatic
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clones™ nor the potential targets for clinical intervention>”! can be distinguished;
however, the pivotal role of TME in functional heterogeneity is still reflected®>">"’].

Owing to the breakthrough of immunotherapy, local immunity in HCC has
attracted growing attention. Multiplex immunohistological staining was first used to
decipher tumor infiltrating immune cells (TICs) in solid tumors!™l. Apparently, ITH of
the microenvironment is neatly illustrated by the density, distribution, and
composition of TICs and is likely correlated with tumor differentiation”!, which
reveals the coordination of the tumoral functional phenotype and immune infiltration.
To deeply explore the interaction between TICs and ITH, various algorithms have
been developed to quantify the composition of immune infiltration using sequencing
data” and expand the effectiveness of immune function assessment
enormously®*”). Coincidentally, the latest two studies integrated DNA-seq, RNA-seq,
T-cell receptor (TCR)-seq, neoantigen analysis, and other methods to uncover the role
of functional heterogeneity in immune evasion®”. Cancer cells across different
regions present different immunogenicity and escape immune surveillance in distinct
ways, such as a decrease in immune cell infiltration, loss of heterozygosity of human
leukocyte antigen, low TCR clonality, and immunoediting!®l. This finding suggested
that the coevolution of tumor and local immunity is quite ubiquitous in HCC and
could partially explain the low response rate of immune checkpoint blockade
monotherapy in HCC.

Similar to previous studies on clonal evolution™*}, ITH in intrahepatic metastases
and multicentral lesions was compared at an immunological resolution to evaluate the
potential effect of immunotherapy!”. Uneven composition of immune cell infiltration
was observed, such as abundant TAM infiltration in intrahepatic metastases and rich
CD8+ T-cell infiltration with a higher level of inhibitory immune checkpoint
expression in multicentral lesions, which suggested that patients with multicentric
HCC could be more likely to benefit from immune checkpoint blockade!”.

In addition, single-cell sequencing is also applied to TME research for a better
understanding of immunological heterogeneity. Systematic works completed by
Zemin Zhang's group provided a dynamic atlas of the immune landscape of HCC#1,
When integrating tumoral single-cell transcriptome data, the HCC cells of different
Hoshida subclasses in a single tumor induced regional variance in the antitumoral
immune responsel*). More importantly, the extent of ITH was responsible for hypoxia
adaptation, VEGF expression, and drug resistancel'”, which may be considered in the
choice of transarterial (chemo)embolization, sorafenib, lenvatinib, or other antivascular
therapies.

Our group also made some efforts to provide a comprehensive landscape of ITH of
HCC in multiple dimensions. The research integrating genomic, transcriptomic,
proteomic, metabolomic, and immunomic (mass cytometry) data together
demonstrated a heterogeneous interactive network of HCC cells, metabolites, and TICs
and proposed a novel clinically friendly immunophenotypic classification to improve
the clinical management of patients with HCC. We found that tumor cell heterogeneity
and microenvironmental heterogeneity, which included diverse TICs, were closely
related to each other and showed coevolution. Thus, the evaluation of the functional
heterogeneity of HCC requires comprehensive investigation and currently lacks
accurate and practical biomarkers.

ITH FROM THE PERSPECTIVE OF POPULATION

The significance of heterogeneity has been demonstrated in accumulating studies, but
large-scale population-based studies are still needed to verify the effectiveness of ITH
investigation in clinical practice (Table 2). A well-known prospective cohort study on
non-small cell lung cancer (NSCLC) included 100 patients with NSCLC and validated
the feasibility of predicting clinical outcome and recurrence with ITH*. ITH may also
play a prognostic role in HCC since genome instability is a common feature of
cancer™\. A clinical trial aiming to investigate the clinical trajectories of HCC during its
progression (NCT03267641) is critical to understand the dynamic change and clinical
relevance of ITH. However, it is still ongoing with limited information to disclose.
Current limited evidence reveals that heterogeneity evaluation of recurrent and
primary tumors may serve as a predictor of clinical outcomel**1.

To clarify the clinical implication of heterogeneity, researchers have developed
different methods to quantify ITH with single bulk sequencing data from public
databases to predict survival and recurrence. With single-region bulk DNA data, the
heterogeneity score (or diversity score) calculated by mutant allele tumor
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Table 2 Summary of studies on intra-tumoral heterogeneity in hepatocellular carcinoma using multiregional sampling

No Time Zf)t'ems Samples(n)  Methods Findings Ref.

Studies on cancer cells

1 2001 11 29T+11N THC and TP53/CTNNBI sequencing Heterogeneity existed in small HCC, accompanied by increased proliferative activity. =

2 2015 23 120T IHC and TP53/CTNNBI1 sequencing Intratumor heterogeneity may contribute to treatment failure and drug resistance in many cases of HCC. 1

3 2015 1 286 T WES/Genotyping 20 unique cell clones were defined by WES. The size distribution of the clones revealed a non-Darwinian evolution model. 1

4 2016 1 8 HCC + 3 ICC WES IM showed similarity to a primary nodule and indicated that it could be an early event in HCC. ()

+N

5 2016 10 43T+10N WGS/WES Ubiquitous mutations ranged from 8% to over90%. Satellite nodules occurred late in HCC. 71

6 2017 11 52T+6N+11B WES + DNA methylation 29% of putative driver mutations were present in the branches. DNA methylation heterogeneity was largely driven by the cancer o
self.

7 2017 9 51T+9N WGS/WES Tumor physically closer tend to be genetically more similar. HCC arose from ancestral clones and genetic lineages diverged as (E=]
tumor grew.

8 2017 23 49T WGS + RNA-seq Genetic diagnosis is good for an effective choice of therapeutic strategy and IM/MC determination. [

9 2017 59 3IN+120T TDS Trunk events in early stages (TERT, TP53, and CTNNB1 mutations) were ubiquitous across different regions. =1

10 2017 5 32T+5N+ WES + TDS Single region TDS identified 70% of the total mutations, while the cfDNA covered 47.2% of total. ()

cfDNA

11 2017 10 55T WES 53.8% of oncogenic alterations varied among subclones. Targetable alterations were identified in subregions from 4 HCCs. L

12 2018 5 15T+5N Proteomics Diagnostic outcome may drastically differ if different sectors of tumor are analyzed. gl

13 2019 6 34T+5N WES + RNA-seq Largest tumor contained higher proportion of ancestral clones. RNA expression pattern was associated with E-S grade e

14 2019 5 36 WES + RNA-seq + proteomics + metabolomics + Comprehensive intratumoral heterogeneity exists in all dimensions, and the novel immunoclassification of HCC facilitates A

CyTOF prognostic prediction and may guide therapy.

15 2019 113 356 (T + N) WGS/WES/TDS + DNA methylation Intratumoral heterogeneity revealed interactions between genomic and epigenomic features associated with tumor progression and (=1
recurrence.

16 2019 88 230 T IHC and TERT promoter sequencing Distinct marker expression in different nodules. Limited heterogeneity in metastasis compared to primary sites. £

Studies on immune cells

17 2018 124 919T Multiplex IHC Varying degrees of intratumor heterogeneity of the immune microenvironment were observed. A

18 2019 13 79T THC + RNA-seq A single-region sample might be reliable for the evaluation of tumor immune infiltration in approximately 60%-70% of patients with (]
HCC.

19 2019 15 47T WES + RNA-seq + TCR-seq + IHC + Genetic structure, neoepitope landscape, T cell profile and immunoediting status collectively shape tumor evolution. L

immunopeptidomes
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20 2020

14 51T+20N WES + RNA-seq + TCR-seq + SNP array +

immunofluorescence

The different components of the tumor ecosystem interact during cancer evolution, and promote heterogeneity in liver cancer.

[64]

HCC: Hepatocellular carcinoma; T: Tumor tissues; N: Adjacent tissues; WGS: Whole-genome sequencing; WES: Whole-exome sequencing; cfDNA: Cell-free DNA; IHC: Immunohistochemistry; TDS: Targeted deep sequencing.
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heterogeneity and clonality approaches significantly distinguished patients with a
higher ITH signature and poor prognosis‘l. It is remarkable that tumor clonality
outperforms mutational burden in predicting prognosis in the TCGA-HCC dataset!*!,
indicating the crucial value of ITH in HCC. Other methods, such as the mITH method
for DNA methylation datal’, the ITH gene signature algorithm for RNA datal”!], and
ITH-related models of CSCs and immune evasion”’, shared similar results that a
higher level of ITH was associated with limited survival, which is also observed in
many other types of cancer™*l. Moreover, evidence across a wide range of cancer
types illustrated that ITH fostered resistance to various treatments®>. In HCC,
sorafenib-targeted genetic alterations have been constantly validated as a subclonal
change!”, which may explain the low objective response rate to sorafenib in the
clinic®™”. Furthermore, the response to immunotherapy is also manifested by
functional heterogeneity. Tumors with higher ITH tend to secrete more VEGFA to
promote immune suppression and limit the clinical efficacy of immune checkpoint
blockadel'”l. Similar phenomena were also observed in other tumors!””l.

In the future, more stable, practicable, and cost-effective techniques should be
introduced to large-scale population-based studies to broaden the scope of the clinical
application of ITH. Based on current evidence, liquid biopsy and advanced imaging
are promising candidates. Cell-free DNA (cfDNA) is one of the most notable
minimally invasive examinations for cancer in recent years and is used to evaluate
tumor load, tumor mutational burden, tumor recurrence, drug resistance, and patient
survival™l. There is evidence suggesting that cfDNA can reflect ITH in HCC and
offer some insight into tumor evolution””. Using cfDNA sequencing, practical
genetic heterogeneity assessment in advanced HCCs with a large size or multiple
lesions becomes possible, although many technical and clinical confirmations are
warranted before it can be accepted by physicians. cfDNA sequencing also creates the
possibility for dynamic observation of ITH either combined with or even substitute
sequential sampling™. By tracking the dynamic evolution of HCC, people can make
more precise interventions for this heterogeneous disease and may obtain better
efficacy. In addition, multiparametric magnetic resonance imaging and computed
tomography have been proven effective in reflecting the histologic and genomic
features and prognosis of HCCI'""'"l. In lung cancer, breast cancer, and esophageal
cancer, a quantitative ultrasound system and positron emission tomogra-
phy/computed tomography are qualified to image ITH!""*'*l. Combined with liver-
specific contrast agents and radiomic analysis, the digital imaging system may bring
ITH assessment into a new chapter!"'l. However, more clinical trials are expected to
test the potential role of these approaches in benefit-gain for HCC patients.
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MANAGEMENT OF ITH IN HCC

Here, we take ITH into clinical consideration and discuss how to embody the
implication of functional heterogeneity in HCC patient management. At present, only
a few traditional indicators are well accepted and widely adopted by clinicians in
HCC. Tumoral macrovascular invasion (MVI)"*'l and TNM classification"*'"l
systems, for example, are normally used for disease staging, therapy decision making,
and prediction of prognosis. However, the demand for precision medicine forces
clinicians to biopsy every tumor to obtain a molecular makeup for individual
treatment. How to ensure the representativeness of biopsy samples under the
influence of heterogeneity becomes an important and unavoidable problem. A study
on renal cancer proposed that at least three distinct regions of the tumor should be
sampled to detect five key genes with an accuracy of 90% or above!"l. In HCC,
researchers carried out WES, targeted deep sequencing, and cfDNA sequencing to
identify the effects of sampling strategy on genetic mutation detection!"'’l. The results
indicated that targeted sequencing with single sampling could identify approximately
70% of the total genetic mutations, while cfDNA had merely 47.2%. Another study
revealed that 60%-70% of patients with HCC obtained reliable results of immune cell
infiltration with a single samplel'”l. Altogether, these results suggested that ITH did
affect clinical examination at least to some extent, and multiregional sampling might
diminish or even eliminate such influence. Considering the clinical risk of the
sampling strategy, it is of great value to find more effective methods for patients with
advanced HCC.

ITH may also act as a novel measure combined with other indicators to establish a
more comprehensive and effective system for several clinical scenarios. ITH
quantification can be performed in silico, as mentioned above, using high-throughput
sequencing data and radiomic data. Acquiring data from ¢fDNA or imaging can not
only provide information on the entire tumor but is also minimally invasive or
noninvasive, cost-effective, and temporally dynamic, which brings infinite possibility
to clinical practice. In support of this strategy, the findings of a previous study
highlighted the positive correlation between VEGFA expression and ITH, which leads
to severe immune exhaustion in more heterogeneous tumors. This phenomenon
indeed provides an explanation for the combination therapy of immune checkpoint
inhibitors and anti-VEGF molecules to improve therapeutic efficacies (NCT03434379,
NCTO03006926, NCT03418922)!"'%"l, suggesting that ITH investigation may screen out
HCC patients who benefit from anti-VEGF therapies.

The use of ITH to propose effective intervention strategies is the most attractive aim
of the translational study of ITH. Pan-cancer therapeutic strategies targeting CSCs or
clonal evolution have been fully described in previous reviews. The former includes
inhibition of CSC signaling pathways, CSC ablation using antibody-drug conjugates,
and epigenetic therapies!’); the latter includes clonal events targeting therapies,
attenuating or exploiting genome instability, and exploiting evolutionary
constraints®!. To provide a model for drug sensitivity assessment of heterogeneous
clones, Nuciforo et al'*! established an organoid system with needle biopsies and
succeeded in preserving the heterogeneity of original cancers. In another study, WES
of 55 samples from multiple regions of ten HCC patients indicated that 40% of patients
could be targeted by existing pharmacologic agents, and the significance was verified
in vitrol”!l. Our group developed a potential intervention strategy based on a novel
immunoclassification according to ITH; however, the validity still needs to be verified
in clinical trialst. Indeed, there are few treatments against ITH currently published
regarding HCC and other types of liver cancer, and more research is thus urgently
needed to explore the feasible strategy for HCC treatment and determine the roles of
ITH in HCC management (Figure 3).

CONCLUSION

In general, ITH is a crucial issue that cannot be avoided in HCC progression and
management. Although great efforts have been made to obtain a more comprehensive
understanding of heterogeneity, the field of hepatic ITH-targeting therapeutics is still
in its infancy. Heterogeneous clones and relevant ecosystems are spatially distinct and
dynamically change over time, which poses many challenges to clinicians and
scientists. Therefore, particular attention should be paid to several aspects in further
research. First, integrative analysis of multi-omics data should be performed to
establish a systematic relationship between genetic evolution and immune evasion in
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Figure 3 Schematic diagram of potential workflow for intratumoral heterogeneity clinical applications. For the patients with resectable liver
cancer, intratumoral heterogeneity (ITH) can be evaluated by multiregional sampling of surgical samples, and in the meantime, patient-derived organoid model can be
constructed for drug screening. The individualized treatment strategy will be determined according to the heterogeneity evaluation and the pharmacological results.
For the patients with advanced hepatocellular carcinoma, biopsies will be used for both pathological diagnosis and ITH investigation. Moreover, ITH evaluation based
on cell-free DNA and advanced imaging should be carried out to monitor ITH dynamically and guide medication adjustment. ITH: Intratumoral heterogeneity; cfDNA:

Cell-free DNA.

HCC. Second, longitudinal monitoring of ITH alterations should be conducted for a
high-resolution trajectory of clonal evolution. Finally, prospective population-based
studies on HCC should be performed to accelerate the translation of ITH assessment
into clinical practice. With an improved understanding of ITH, the evolutionary
trajectory of HCC is likely to be predictable in the near future. Through the entire
process of tracking tumor development, people may rewrite the clinical management
of HCC and ultimately find solutions to completely change the outcome of HCC
patients.
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Abstract

BACKGROUND

Immunotherapy targeting programmed death-1 (PD-1) or programmed death-
ligand-1 (PD-L1) has been shown to be effective in a variety of malignancies but
has poor efficacy in pancreatic ductal adenocarcinoma (PDAC). Studies have
shown that PD-L1 expression in tumors is an important indicator of the efficacy of
immunotherapy. Tumor cells usually evade chemotherapy and host immune
surveillance by epigenetic changes. Protein arginine methylation is a common
posttranslational modification. Protein arginine methyltransferase (PRMT) 1 is
deregulated in a wide variety of cancer types, whose biological role in tumor
immunity is undefined.

AIM
To investigate the combined effects and underlying mechanisms of anti-PD-L1
and type I PRMT inhibitor in pancreatic cancer in vivo.

METHODS

PT1001B is a novel type I PRMT inhibitor with strong activity and good
selectivity. A mouse model of subcutaneous Panc02-derived tumors was used to
evaluate drug efficacy, toxic and side effects, and tumor growth in vivo. By flow
cytometry, we determined the expression of key immune checkpoint proteins,
detected the apoptosis in tumor tissues, and analyzed the immune cells.
Immunohistochemistry staining for cellular proliferation-associated nuclear
protein Ki67, TUNEL assay, and PRMT1/PD-L1 immunofluorescence were used
to elucidate the underlying molecular mechanism of the antitumor effect.

RESULTS
Cultured Panc02 cells did not express PD-L1 in vitro, but tumor cells derived from
Panc02 transplanted tumors expressed PD-L1. The therapeutic efficacy of anti-PD-
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L1 mAb was significantly enhanced by the addition of PT1001B as measured by
tumor volume (1054.00 £ 61.37 mm? vs 555.80 + 74.42 mm?®, P < 0.01) and tumor
weight (0.83 £0.06 g vs 0.38 + 0.02 g, P < 0.05). PT1001B improved antitumor
immunity by inhibiting PD-L1 expression on tumor cells (32.74% * 5.89% vs
17.95% +1.92%, P < 0.05). The combination therapy upregulated tumor-
infiltrating CD8+ T lymphocytes (23.75% + 3.20% vs 73.34% + 4.35%, P < 0.01) and
decreased PD-1+ leukocytes (35.77% + 3.30% vs 6.48% £ 1.08%, P < 0.001) in tumor
tissue compared to the control. In addition, PT1001B amplified the inhibitory
effect of anti-PD-L1 on tumor cell proliferation and enhanced the induction of
tumor cell apoptosis. PRMT1 downregulation was correlated with PD-L1
downregulation.

CONCLUSION

PT1001B enhances antitumor immunity and combining it with anti-PD-L1
checkpoint inhibitors provides a potential strategy to overcome anti-PD-L1
resistance in PDAC.

Key words: Protein arginine methyltransferase; Programmed death-ligand-1 blockade;
Pancreatic ductal adenocarcinoma; Combination therapy; Tumor microenvironment

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Pancreatic ductal adenocarcinoma exhibits marginal responses to immune
checkpoint inhibitors targeting programmed death-ligand-1 (PD-L1), and the underlying
mechanism remains poorly understood. PT1001B, an inhibitor of type I protein arginine
methyltransferases (PRMTSs), significantly enhanced the therapeutic efficacy of anti-PD-
L1 mAb. PT1001B improved antitumor immunity by inhibiting PD-L1 expression on
tumor cells, upregulating tumor infiltrating CD8+ T lymphocytes, and decreasing PD-1+
leukocytes. In addition, PT1001B amplified the inhibitory effect of anti-PD-L1 on tumor
cell proliferation and enhanced the induction of tumor cell apoptosis. PRMT1
downregulation was correlated with PD-L1 downregulation. Thus, PRMT]1 is a potential
therapeutic target.

Citation: Zheng NN, Zhou M, Sun F, Huai MX, Zhang Y, Qu CY, Shen F, Xu LM. Combining
protein arginine methyltransferase inhibitor and anti-programmed death-ligand-1 inhibits
pancreatic cancer progression. World J Gastroenterol 2020; 26(26): 3737-3749
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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is the seventh leading cause of cancer-
related death worldwide and the fourth leading cause of cancer-related death in the
United States!"”. Most cases of PDAC are diagnosed at the metastatic stage, and the
median survival of these patients is less than one year”. Many factors are associated
with the poor survival of PDAC patients and the treatment challenges, including the
lack of early detection, high risk of relapse after curative surgery, and poor response to
chemotherapy, radiation, molecular targeted therapy, and immunotherapy.
Programmed death-ligand-1 (PD-L1), also known as B7-H1, is a cell surface protein
and one of two ligands for programmed death-1 (PD-1), a costimulatory molecule that
negatively regulates T cell responses!. Ligation of PD-L1 on cancer cells to PD-1 on T
cells suppresses T cell activation and proliferation. While immunotherapy using anti-
PD-1/PD-L1 antibodies has been shown to be effective for many types of
malignancies™, its activity is limited in PDACV. The mechanism underlying
pancreatic cancer resistance to anti-PD-1/PD-L1 immunotherapy is poorly
understood, but it has been suggested that PD-L1 expression in tumors is an important
indicator of checkpoint immunotherapy efficacy!®.

Protein arginine methylation is a common posttranslational modification that plays
a role in multiple pathways, including cell cycle control, RNA processing, and DNA
replication!"”. Protein arginine methyltransferases (PRMTs) are enzymes that catalyze
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the transfer of a methyl group from S-adenosylmethionine to arginine!"”l. PRMT family
members are classified into PRMT types I, II, and III based on the nature of the
catalyzed methylation reaction!l. PRMTT1 is the predominant type I methyltransferase
responsible for approximately 85% of all cellular arginine methylation events. PRMT1
is deregulated in a wide variety of cancer types, e.g., pancreatic adenocarcinomal'>*,
gastric cancer!'), and lung cancer!”l. This enzyme controls epithelial-mesenchymal
transition in cancer cells!”l. PRMT1 can catalyze arginine methylation on histones and
other proteins, such as Axin and epidermal growth factor receptor!”**l. PRMT1 is
upregulated in pancreatic cancer and exerts an oncogenic role by regulating the -
catenin protein levell”l.

The aim of the present study was to evaluate the effect of type I PRMT inhibitor
against PDAC in mice and to investigate the influence of PRMT1 on PD-L1 expression.

MATERIALS AND METHODS

Cell culture

The murine PDAC cell line Panc02, which is syngeneic to C57BL/6 mice, was obtained
from the cell bank of the Type Culture Collection of the Chinese Academy of Sciences
(Shanghai, China). Panc02 cells were cultured in DMEM (Gibco, Grand Island, NY,
United States) with 10% fetal bovine serum (Gibco) at 37°C in a 5% CO, atmosphere.

Mice and reagents

Female C57BL/6 mice (specific pathogen-free grade) aged 5 wk were obtained from
Shanghai Jihui Experimental Animal Feeding Co., Ltd and housed in a specific
pathogen-free facility (23°C, 12 h/12 h light/dark cycle, 50% humidity, and ad libitum
access to food and water). All experimental procedures were approved by the ethics
committee of Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of
Medicine, and the protocols adhered to approved institutional protocols set by the
China Association of Laboratory Animal Care. Panc02 cells (5 x 10°) suspended in 100
pL cold PBS were subcutaneously injected into the lower back region of each mouse.
The tumor volume was calculated using the following formula: 0.52 x length x width?.
When the tumors reached approximately 100 mm?, the tumor-bearing mice were
randomly divided into four groups (n = 4) that were treated with control solvent (PBS,
once daily), PT1001B (30 mg/kg, once daily, synthesized by Wang et al"”), anti-PD-L1
mADb (200 pg/mouse, every 2 d for 5 intervals, Clone No. 10F.9G2, BioXcell), or
PT1001B + anti-PD-L1 mAb via intraperitoneal injection. Mice were sacrificed at 37 d
following the initial injection, and tumors were removed and weighed.

Flow cytometry analysis

Immunophenotypic analyses of splenocytes and single-cell suspensions from tumors
were assessed by flow cytometry (FCM). All primary antibodies used in this study
were purchased from BioLegend (CA, United States). Cells were stained with
antibodies specific for CD45-APC-Cy7 (Clone 30-F11), CD4-PE-Cy7 (Clone RM4-4),
CDB8-FITC (Clone 53-6.7), PD-L1-APC (Clone 10F.9G2), and PD-1-PE (Clone RMP1-30).
For the apoptosis analysis, the cells were stained with annexin V-fluorescein
isothiocyanate (FITC) and propidium iodide (PI) (BD apoptosis assay kit, BD
Pharmingen, CA, United States) according to the manufacturer’s protocol. Fresh
PDAC tumor tissues from the mouse model were minced into small pieces and then
digested with collagenase type IV to generate a single-cell suspension. After being
filtered and washed with cold PBS, the cells were incubated with the primary
antibodies on ice for 30 min, washed, fixed in PBS containing 1% formalin, and
analyzed on a flow cytometer (CyAn ADP, Beckman). Data were visualized using
Flow]o software.

Immunohistochemistry

The tumor tissues isolated from sacrificed mice were immediately fixed in 4%
paraformaldehyde for 24 h and embedded in paraffin. The embedded sections were
sliced into 5-pm sections for staining. The deparaffinized and rehydrated sections were
boiled in a high-pressure pot with sodium citrate antigen retrieval solution for 3 min.
After three washes in PBS, the sections were incubated with 3% hydrogen peroxide in
methanol for 15 min to inhibit endogenous peroxidase activity. After nonspecific
reactions were blocked with 10% normal rabbit serum, the sections were incubated
overnight at 4°C with rabbit polyclonal antibodies specific to Ki67 (GB13030-2, 1:200,
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Servicebio). Then, the sections were washed, incubated at room temperature for 50
min with horseradish peroxidase-conjugated secondary antibody (GB23303, 1:200,
Servicebio), and counterstained with hematoxylin.

TUNEL assay

The TUNEL assay was performed according to the kit protocol (11684817910, Roche).
Briefly, tumor tissue sections were deparaffinized in xylene, rehydrated in PBS, and
incubated with proteinase K working solution for 25 min at 37°C. After three washes
in PBS, the sections were incubated in permeabilization working solution for 20 min.
Then, TdT and dUTP were mixed at a 1:9 ratio; the tissue samples were incubated with
the resulting mixture in a flat wet box at 37°C for 3-4 h. After three washes in PBS, the
slides were immersed in 3% H,O, at room temperature for 15 min in the dark. After
three washes in PBS, the specimens were covered with converter-POD for 30 min and
then washed three times in PBS. The slides were visualized with the DAB substrate
and observed by microscopy (OLYMPUS, Japan). TUNEL-positive cells were counted
with Image], and the apoptotic index was calculated as the ratio of apoptotic cells to
total cells in each field.

Immunofluorescence

After antigen retrieval, nonspecific binding was blocked with 1% bovine serum
albumin for 30 min, and the tissue sections were incubated overnight at 4°C with a
primary antibody against PD-L1 (GB11339, 1:200, Servicebio). Thereafter, the sections
were incubated with Alexa Fluor®488-conjugated goat anti-mouse IgG (GB25301, 1:400,
Servicebio) for 50 min at room temperature. After incubation with CY3 reagent for 10
min, the sections were heated in a microwave to remove antibodies bound to the
tissue. After nonspecific binding was blocked, the samples were incubated overnight
at 4°C with a primary antibody against PRMT1 (sc-166963, 1:1000, Santa Cruz).
Thereafter, the sections were incubated with horseradish peroxidase-labeled goat anti-
mouse IgG (GB23301, 1:500, Servicebio) secondary antibody for 50 min at room
temperature. Nuclei were stained with DAPI for 5 min at room temperature.
Immunopositive cells were analyzed using a fluorescence microscope (Eclipse ci,
NIKON, Japan).

Statistical analysis

All data are shown as the mean * SE. All data were assessed by t-tests or one-way
ANOVA (GraphPad Prism 6.0). P values < 0.05 were considered to indicate statistical
significance.

RESULTS

PD-L1 is expressed in PDAC in vivo but not in vitro

To determine PD-L1 expression in tumor-bearing mice, we transplanted Panc02 cells
into C57BL/6 mice (Figure 1A). PD-L1 expression on tumor cells was quantified by the
mean fluorescence intensity (MFI) (Figure 1B). Panc02 cells grown in vitro did not
express PD-L1, but subcutaneous Panc02-derived tumor cells expressed PD-L1. We
speculated that the increased PD-L1 expression in vivo is related to the tumor
microenvironment.

PT1001B reverses anti-PD-L1 resistance in a PDAC mouse model

We then used PT1001B (formerly known as compound 28d, DCPR049_12), a novel
selective inhibitor of type I PRMTs that effectively inhibits cancer cell proliferation!"”.
We wondered whether PT1001B can enhance the efficacy of anti-PD-L1 therapy in
Panc02-bearing C57BL/6 mice. The tumor-bearing mice were treated with PT1001B
and anti-PD-L1 mAb, alone or in combination. As shown in Figure 2A, the tumors
were resistant to anti-PD-L1 monotherapy. PT1001B or anti-PD-L1 mAb therapy alone
did not decrease tumor growth compared to no treatment. Interestingly, when the
anti-PD-L1 mAb was combined with PT1001B, the tumors showed a better response,
as assessed by tumor volume (1054.00 + 61.37 mm?® vs 555.80 + 74.42 mm?®) and weight
(0.83 £ 0.06 g vs 0.38 £ 0.02 g) (Figure 2B). Importantly, treatment with PT1001B and
PD-L1 blockade, alone or in combination, did not result in any overt signs of toxicity,
as evidenced by weight gain in all the evaluated animal groups (Figure 2C). There was
no difference in mouse body weight in different treatment groups. Therefore, these
findings suggest the potential of combination therapy with PT1001B to reverse anti-
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Figure 1 Programmed death-ligand-1 expression in pancreatic ductal adenocarcinoma in vitro and in vivo. A: Panc02 cells were
subcutaneously transplanted into C57BL/6 mice to establish pancreatic tumors (orange arrow); B: Programmed death-ligand-1 expression levels in cultured
pancreatic cancer cells (in vitro) and tumors (in vivo). The mean fluorescence intensity was used to quantify protein expression levels, and the values were
statistically analyzed by a two-sided t-test; the results are presented at the bottom. Data represent the mean + SE (n = 3). 2P < 0.05 vs in vitro condition. PD-L1:
Programmed death-ligand-1; MFI: Mean fluorescence intensity.
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PD-L1 resistance in PDAC.

PT1001B enhances antitumor immunity

To determine whether PT1001B can enhance antitumor immunity, single-cell
suspensions of tumor and spleen extracts were stained for FCM analysis. As shown in
Figure 3A, PT1001B decreased PD-L1 expression on cancer cells (32.74% + 5.89% in the
control group vs 17.95% + 1.92% in the PT1001B group). PD-L1 expression was
dramatically lower in the anti-PD-L1 + PT1001B group than in the control group
(4.21% + 0.82% vs 32.74% = 5.89%). In tumors, PD-1+ leukocytes were downregulated
in the three treated groups (19.93% + 3.65% in the PT1001B group, 15.53% + 1.71% in
the anti-PD-L1 group, and 6.48% % 1.08 % in the anti-PD-L1 + PT1001B group vs
35.77% *3.30% in the control group) (Figure 3B). In the spleen, PD-1+ leukocytes were
downregulated to a greater extent in the anti-PD-L1 + PT1001B group than in the anti-
PD-L1 group (5.98% * 1.26% in the anti-PD-L1 + PT1001B group vs 10.35% * 0.46% in
the anti-PD-L1 group) (Figure 3C). Analysis of T cell populations from the tumors and
spleens revealed that PT1001B further increased the anti-PD-L1 mAb-induced tumor
infiltration of CD8+ cytotoxic T lymphocytes (CTLs) (tumor: 8.14% + 0.82% in the anti-
PD-L1 group vs 13.83% + 0.97% in the anti-PD-L1+PT1001B group; spleen: 7.54% +
1.09% in the anti-PD-L1 group vs 12.90% + 0.15% in the anti-PD-L1 + PT1001B group)
(Figure 3D and E). These observations suggest that PT1001B enhanced antitumor
immunity by upregulating tumor infiltrating CD8+ T lymphocytes, decreasing PD-L1
expression by cancer cells, and downregulating PD-1+ leukocytes.

Effects of PT1001B and anti-PD-L1 mAb on PDAC cell proliferation and apoptosis

To estimate the effect of PT1001B on apoptosis, FCM analysis was performed after
double staining with annexin V-FITC/PI. As shown in Figure 4A, the rates of early
and late apoptosis were dramatically higher in the combination group than in the
control group (49.00% * 0.64% vs 24.36% * 3.67%), while the rates showed no
significant changes in the other treatment groups compared to the control. We
performed immunohistochemistry analysis of tumor tissues to examine Ki67
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Figure 2 The combination of PT1001B and programmed death-ligand-1 blockade inhibits the development of pancreatic ductal
adenocarcinoma in mice. Panc02 cells were surgically transplanted into C57BL/6 mice. One week later, tumors reached approximately 100 mm?®, and tumor-
bearing mice were randomly divided into four groups that were treated with PT1001B (30 mg/kg body weight, once daily) or anti- programmed death-ligand-1 (PD-L1)
mAb (200 pg/mouse, every 2 d for 5 intervals) alone or in combination via intraperitoneal injection for 37 d. A: The combination of PT1001B and anti-PD-L1 mAb
significantly inhibited tumor growth; B: Tumors in different treated groups; C: Mouse body weight curve. The values were analyzed by one-way ANOVA. Data
represent the mean + SE (n = 4). 2P < 0.05, ®P < 0.01 vs control group. PD-L1: Programmed death-ligand-1.

expression and TUNEL positive cells, which are common markers of proliferation and
apoptosis, respectively. Consistent with the greater degree of tumor growth inhibition,
PT1001B significantly increased the efficacy of anti-PD-L1 therapy in suppressing
tumor cell proliferation and inducing tumor cell apoptosis in vivo (Figure 4B and C).

PRMT1 expression correlates with PD-L1 expression

Immunofluorescence was performed to detect the levels of PRMT1 and PD-L1 in
tumor tissues (Figure 5). PT1001B promoted the downregulation of PRMT1 and PD-
L1, as indicated by the reduction in fluorescence. In particular, the anti-PD-L1 +
PT1001B group showed the most drastic effect, with the lowest intensity of PD-L1-
positive staining in tumor tissue.
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Figure 3 PT1001B enhances antitumor immunity. Cell suspensions were prepared from pancreatic tumor tissues and spleens from the four groups of
tumor-bearing mice and stained with CD45-, CD4-, CD8-, PD-L1-, and PD-1-specific antibodies. Stained cells were analyzed by flow cytometry. The left panel
presents representative images, and the right panel shows the statistical analysis. A: Analysis of CD45-/PD-L1+ cells in the tumors; B: Analysis of CD45+/PD-1+ cells
in the tumors; C: Analysis of CD45+/PD-1+ cells in the spleens; D: Analysis of CD4+ T cells and CD8+ T cells in the tumors; E: Analysis of CD4+ T cells and CD8+ T
cells in the spleens. Differences in the percentages of cells were analyzed by one-way ANOVA. Data represent the mean + SE (n = 4). 2P < 0.05,°P < 0.01 vs
control group; °P < 0.05, ¢P < 0.01 vs anti-PD-L1 group. PD-L1: Programmed death-ligand-1; PD-1: Programmed death-1.
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DISCUSSION

Immunotherapy failure in pancreatic cancer stems from the nonimmunogenic
characteristic, especially the immunosuppressive microenvironment, poor T cell
infiltration, and the low mutational burden, which contribute to creating an
immunoprivileged environment™. Increased PD-L1 expression by cancer or stroma
cells is a fundamental mechanism of escape from host immunity™™l. Tumor cells can
inhibit the proliferation, survival, and effector function of T lymphocytes, especially
CD8+ T lymphocytes, through the PD-L1/PD-1 pathway™. PD-L1 blockade can
relieve immunosuppression, enhance antitumor immunity, and lead to the expansion
of tumor-infiltrating lymphocytes”]. Immune checkpoint blockade reverses
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Figure 4 Effect of PT1001B and anti-programmed death-ligand-1 mAb on tumor cell proliferation and apoptosis. A: Cell suspensions prepared
from pancreatic tumor tissues were stained with annexin V and propidium iodide to analyze the apoptosis rate by flow cytometry; B: The four groups of tumors were
sectioned and stained for Ki67 (brown); C: The four groups of tumors were sectioned and subjected to TUNEL assay (brown). Representative images are shown. a:
Control; b: PT1001B; c: Anti-programmed death-ligand-1 (PD-L1) mAb; d: Anti-PD-L1 mAb + PT1001B. Scale bars = 100 um. The populations of apoptotic cells,
Ki67-positive, or TUNEL-positive cells were analyzed by one-way ANOVA. Data represent the mean + SE (n = 4). 2P < 0.05, °P < 0.01 vs control group; °P < 0.05,
4P <0.01 vs anti-PD-L1 group. PI: Propidium iodide; FITC: Fluorescein Isothiocyanate; PD-L1: Programmed death-ligand-1; TUNEL: Terminal deoxynucleotidyl
transferase mediated dUTP nick-end labeling.
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immunosuppression to activate tumor-reactive CTLs that directly target tumor cells
for apoptosis*l. However, pancreatic cancer cannot be cured by PD-1/PD-L1 blockade
alone because of the specific tumor microenvironment™!. Therefore, the search for
effective combination therapy will provide new clues that affect the efficacy of
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Figure 5 Immunofluorescence analysis of protein arginine methyltransferase and programmed death-ligand-1 in tumor tissue. Protein
arginine methyltransferase 1 is shown in red, programmed death-ligand-1 is shown in green, and DAPI staining indicates the nucleus. Scale bars = 100 um. PRMT:
Protein arginine methyltransferase; PD-L1: Programmed death-ligand-1; DAP!I: 2-(4-Amidinophenyl)-6-indolecarbamidine dihydrochloride.
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immunotherapy. It was previously reported that MEK inhibitors, BET inhibitors, and
mTOR inhibitors decreased PD-L1 expression in vitro and in vivo™*. In our study, we
identified a novel small-molecule inhibitor of type I PRMTs that also suppressed PD-
L1 expression in pancreatic cancer cells.

In the present study, we demonstrated that the combination of PD-L1 blockade and
PT1001B showed increased efficacy. A limited response to anti-PD-L1 monotherapy
was observed in our PDAC model. Interestingly, the resistance to anti-PD-L1 therapy
was reversed by the addition of PT1001B. When analyzing the expression of key
immune checkpoint proteins and immune infiltration in the tumor microenvironment
and spleen, we observed that the proportion of tumor-infiltrating effector cells was
increased and the proportion of PD-1+ leukocytes was decreased in the combination
group. This result is significant, as limited T cell infiltration is considered a barrier to
the efficacy of immunotherapy in PDAC. CTLs primarily use perforin and Fas-
mediated effector mechanisms to induce tumor cell apoptosis®®). PD-1 is mainly
expressed on activated CD4+ T cells, CD8+ T cells, and B cells in the periphery™. PD-1
inhibition can result in the loss of peripheral tolerance and an increase in
autoimmunity”'l. In addition, PT1001B amplified the inhibitory effect of anti-PD-L1 on
tumor cell proliferation and enhanced the induction of tumor cell apoptosis.

PRMTT1 is the major methyltransferase in mammalian cells and is usually considered
an epigenetic molecular marker. A previous study suggested that PRMT1 is
overexpressed in pancreatic cancer cells and that elevated PRMT1 levels predict a poor
clinical outcome. Moreover, PRMT1 knockdown was shown to inhibit tumor growth
in vivo”l. However, our results indicated that PT1001B alone did not decrease tumor
growth. The discrepancy between our study and previous reports might be due to the
use of different mouse models, cell lines, and inhibition methods. Our study results
showed that PRMT1 downregulation was correlated with PD-L1 downregulation in
PDAC tumors. Studies suggest that PRMT1 regulates c-myc gene expression and
function™*\. Current data show that c-myc, an important signaling hub and driver
gene, is commonly overexpressed and aberrantly activated in PDACM*. The
activation of c-myc has been shown to stimulate PD-L1 expression in some cancer cells,
causing immune evasion™!, and c-myc regulates PD-L1 expression in PDACM!.
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Therefore, we speculated that PT1001B might downregulate PD-L1 expression by
inhibiting the master transcription amplifier c-myc. One limitation of this study is that
PT1001B inhibits four PRMTs in addition to PRMT1 (PRMT3, PRMT4, PRMT6, and
PRMTS), suggesting that it is a pan inhibitor of type I PRMTs!"l. Therefore, the
specificity of PT1001B as an epigenetic agent in cancer therapy remains to be further
studied.

In summary, our data demonstrate that the combination of the type I PRMT
inhibitor and PD-L1 blockade may be an effective therapeutic approach for PDAC.
PRMT1 expression is correlated with PD-L1 expression, and PRMT1 is a potential
therapeutic target. Additional research aimed at elucidating the mechanisms by which
PRMTT1 regulates PD-L1 protein levels is warranted.

ARTICLE HIGHLIGHTS

Research background

The mechanism underlying pancreatic cancer resistance to anti-programmed death-1
(PD-1)/programmed death-ligand-1 (PD-L1) immunotherapy is poorly understood,
but it has been suggested that PD-L1 expression in tumors is an important indicator of
checkpoint immunotherapy efficacy. Considered an epigenetic molecular marker,
protein arginine methyltransferases (PRMT)1 is the predominant type I
methyltransferase responsible for the majority of cellular arginine methylation events.
PRMTT1 is deregulated in a wide variety of cancer types, whose biological role in tumor
immunity is undefined.

Research motivation
We hope to search for new small-molecule inhibitors that influence PD-L1 expression
and affect the efficacy of immunotherapy in pancreatic cancer.

Research objectives
To explore the combined antitumor effects of anti-PD-L1 and type I PRMT inhibitor on
pancreatic cancer and the underlying mechanisms in vivo.

Research methods

The murine pancreatic ductal adenocarcinoma (PDAC) cells Panc02 were implanted
subcutaneously in C57BL/6 mice, and the tumor-bearing mice were used to assess the
drug efficacy, toxic and side effects, and tumor growth in vivo. We determined the
expression of key immune checkpoint proteins, detected the apoptosis in tumor
tissues, and analyzed the immune cells by flow cytometry (FCM).
Immunohistochemistry staining for Ki67, TUNEL assay, and PRMT1/PD-L1
immunofluorescence were exploited to elucidate the underlying molecular
mechanism.

Research results

Cultured Panc02 cells did not express PD-L1 in vitro, but tumor cells derived from
Panc02 transplanted tumors expressed PD-L1. Drug treatment had no obvious toxic
and side effects on mice. Neither PT1001B nor anti-PD-L1 mAb alone inhibited tumor
growth compared to the control. However, the therapeutic efficacy of anti-PD-L1 mAb
was significantly enhanced by the addition of PT1001B. PT1001B improved antitumor
immunity by inhibiting PD-L1 expression on tumor cells, upregulating tumor-
infiltrating CD8+ T lymphocytes, and decreasing PD-1+ leukocytes. In addition,
PT1001B amplified the inhibitory effect of anti-PD-L1 mAb in inhibiting proliferation
and promoting apoptosis of tumor cells. In tumor tissues, the downregulation of
PRMT1 was related to the downregulation of PD-L1.

Research conclusions
PT1001B enhances anti-tumor immunity and combining it with anti-PD-L1 inhibits
tumor growth effectively, reversing the resistance of PDAC to immunotherapy.

Research perspectives

Our data demonstrate that PT1001B is a promising inhibitor to change the tumor
microenvironment in pancreatic cancer. PRMT1 is a potential therapeutic target, and
additional research aimed at elucidating the mechanisms by which PRMT1 regulates
PD-L1 is warranted.

WJG | https://www.wjgnet.com 3747 July 14,2020 | Volume26 | Issue26 |



Zheng NN et al. PRMT inhibitor plus anti-PD-L1 in PDAC

Jaishideng®

ACKNOWLEDGEMENTS

The authors would like to acknowledge Cheng Luo and Yuanyuan Zhang (Chinese
Academy of Sciences Shanghai Institute of Materia Medica, Shanghai, China) for
providing PT1001B.

REFERENCES

1

10

11

13

14

15

16

17

18

19

20

Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, Forman D, Bray F. Cancer
incidence and mortality worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int J
Cancer 2015; 136: E359-E386 [PMID: 25220842 DOI: 10.1002/ij¢.29210]

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. C4 Cancer J Clin 2016; 66: 7-30 [PMID: 26742998
DOI: 10.3322/caac.21332]

Collisson EA, Olive KP. Pancreatic Cancer: Progress and Challenges in a Rapidly Moving Field. Cancer
Res 2017; 77: 1060-1062 [PMID: 28209609 DOIL: 10.1158/0008-5472.CAN-16-2452]

Goldberg MV, Maris CH, Hipkiss EL, Flies AS, Zhen L, Tuder RM, Grosso JF, Harris TJ, Getnet D,
Whartenby KA, Brockstedt DG, Dubensky TW Jr, Chen L, Pardoll DM, Drake CG. Role of PD-1 and its
ligand, B7-H1, in early fate decisions of CD8 T cells. Blood 2007; 110: 186-192 [PMID: 17392506 DOI:
10.1182/blood-2006-12-062422]

Wolchok JD, Kluger H, Callahan MK, Postow MA, Rizvi NA, Lesokhin AM, Segal NH, Ariyan CE,
Gordon RA, Reed K, Burke MM, Caldwell A, Kronenberg SA, Agunwamba BU, Zhang X, Lowy I, Inzunza
HD, Feely W, Horak CE, Hong Q, Korman AJ, Wigginton JM, Gupta A, Sznol M. Nivolumab plus
ipilimumab in advanced melanoma. N Engl J Med 2013; 369: 122-133 [PMID: 23724867 DOI:
10.1056/NEJMoal302369]

Zheng L. PD-L1 Expression in Pancreatic Cancer. J Natl Cancer Inst 2017; 109 [PMID: 28131993 DOI:
10.1093/jnci/djw304]

Brahmer JR, Tykodi SS, Chow LQ, Hwu WJ, Topalian SL, Hwu P, Drake CG, Camacho LH, Kauh J,
Odunsi K, Pitot HC, Hamid O, Bhatia S, Martins R, Eaton K, Chen S, Salay TM, Alaparthy S, Grosso JF,
Korman AJ, Parker SM, Agrawal S, Goldberg SM, Pardoll DM, Gupta A, Wigginton JM. Safety and
activity of anti-PD-L1 antibody in patients with advanced cancer. N Engl J Med 2012; 366: 2455-2465
[PMID: 22658128 DOI: 10.1056/NEJMoa1200694]

Topalian SL, Drake CG, Pardoll DM. Immune checkpoint blockade: a common denominator approach to
cancer therapy. Cancer Cell 2015; 27: 450-461 [PMID: 25858804 DOI: 10.1016/j.ccell.2015.03.001]
Dong H, Strome SE, Salomao DR, Tamura H, Hirano F, Flies DB, Roche PC, Lu J, Zhu G, Tamada K,
Lennon VA, Celis E, Chen L. Tumor-associated B7-H1 promotes T-cell apoptosis: a potential mechanism of
immune evasion. Nat Med 2002; 8: 793-800 [PMID: 12091876 DOI: 10.1038/nm730]

Bedford MT, Richard S. Arginine methylation an emerging regulator of protein function. Mol Cell 2005,
18: 263-272 [PMID: 15866169 DOI: 10.1016/j.molcel.2005.04.003]

Smith E, Zhou W, Shindiapina P, Sif S, Li C, Baiocchi RA. Recent advances in targeting protein arginine
methyltransferase enzymes in cancer therapy. Expert Opin Ther Targets 2018; 22: 527-545 [PMID:
29781349 DOI: 10.1080/14728222.2018.1474203]

Wang Y, Hsu JM, Kang Y, Wei Y, Lee PC, Chang SJ, Hsu YH, Hsu JL, Wang HL, Chang WC, Li CW,
Liao HW, Chang SS, Xia W, Ko HW, Chou CK, Fleming JB, Wang H, Hwang RF, Chen Y, Qin J, Hung
MC. Oncogenic Functions of Glil in Pancreatic Adenocarcinoma Are Supported by Its PRMT1-Mediated
Methylation. Cancer Res 2016; 76: 7049-7058 [PMID: 27758883 DOI: 10.1158/0008-5472.can-16-0715]
Song C, Chen T, He L, Ma N, Li JA, Rong YF, Fang Y, Liu M, Xie D, Lou W. PRMT1 promotes
pancreatic cancer growth and predicts poor prognosis. Cell Oncol (Dordr) 2020; 43: 51-62 [PMID:
31520395 DOL: 10.1007/s13402-019-00435-1]

Altan B, Yokobori T, Ide M, Mochiki E, Toyomasu Y, Kogure N, Kimura A, Hara K, Bai T, Bao P, Suzuki
M, Ogata K, Asao T, Nishiyama M, Oyama T, Kuwano H. Nuclear PRMT]1 expression is associated with
poor prognosis and chemosensitivity in gastric cancer patients. Gastric Cancer 2016; 19: 789-797 [PMID:
26472729 DOI: 10.1007/s10120-015-0551-7]

Madreiter-Sokolowski CT, Gyorfty B, Klec C, Sokolowski AA, Rost R, Waldeck-Weiermair M, Malli R,
Graier WF. UCP2 and PRMT1 are key prognostic markers for lung carcinoma patients. Oncotarget 2017; 8:
80278-80285 [PMID: 29113301 DOI: 10.18632/oncotarget.20571]

Zhang Y, Wang D, Zhang M, Wei H, Lu Y, Sun Y, Zhou M, Gu S, Feng W, Wang H, Zeng J, Gong A, Xu
M. Protein arginine methyltransferase 1 coordinates the epithelial-mesenchymal transition/proliferation
dichotomy in gastric cancer cells. Exp Cell Res 2018; 362: 43-50 [PMID: 29097184 DOI:
10.1016/j.yexcr.2017.10.035]

Liao HW, Hsu JM, Xia W, Wang HL, Wang YN, Chang WC, Arold ST, Chou CK, Tsou PH, Yamaguchi
H, Fang YF, Lee HJ, Lee HH, Tai SK, Yang MH, Morelli MP, Sen M, Ladbury JE, Chen CH, Grandis JR,
Kopetz S, Hung MC. PRMT1-mediated methylation of the EGF receptor regulates signaling and cetuximab
response. J Clin Invest 2015; 125: 4529-4543 [PMID: 26571401 DOI: 10.1172/JCI82826]

Cha B, Kim W, Kim YK, Hwang BN, Park SY, Yoon JW, Park WS, Cho JW, Bedford MT, Jho EH.
Methylation by protein arginine methyltransferase 1 increases stability of Axin, a negative regulator of Wnt
signaling. Oncogene 2011; 30: 2379-2389 [PMID: 21242974 DOI: 10.1038/0nc.2010.610]

Wang C, Jiang H, Jin J, Xie Y, Chen Z, Zhang H, Lian F, Liu YC, Zhang C, Ding H, Chen S, Zhang N,
Zhang Y, Jiang H, Chen K, Ye F, Yao Z, Luo C. Development of Potent Type I Protein Arginine
Methyltransferase (PRMT) Inhibitors of Leukemia Cell Proliferation. J Med Chem 2017; 60: 8888-8905
[PMID: 29019697 DOI: 10.1021/acs.jmedchem.7b01134]

Torphy RJ, Zhu Y, Schulick RD. Immunotherapy for pancreatic cancer: Barriers and breakthroughs. Ann

WJG | https://www.wjgnet.com 3748 July 14,2020 | Volume26 | Issue26 |


http://www.ncbi.nlm.nih.gov/pubmed/25220842
https://dx.doi.org/10.1002/ijc.29210
http://www.ncbi.nlm.nih.gov/pubmed/26742998
https://dx.doi.org/10.3322/caac.21332
http://www.ncbi.nlm.nih.gov/pubmed/28209609
https://dx.doi.org/10.1158/0008-5472.CAN-16-2452
http://www.ncbi.nlm.nih.gov/pubmed/17392506
https://dx.doi.org/10.1182/blood-2006-12-062422
http://www.ncbi.nlm.nih.gov/pubmed/23724867
https://dx.doi.org/10.1056/NEJMoa1302369
http://www.ncbi.nlm.nih.gov/pubmed/28131993
https://dx.doi.org/10.1093/jnci/djw304
http://www.ncbi.nlm.nih.gov/pubmed/22658128
https://dx.doi.org/10.1056/NEJMoa1200694
http://www.ncbi.nlm.nih.gov/pubmed/25858804
https://dx.doi.org/10.1016/j.ccell.2015.03.001
http://www.ncbi.nlm.nih.gov/pubmed/12091876
https://dx.doi.org/10.1038/nm730
http://www.ncbi.nlm.nih.gov/pubmed/15866169
https://dx.doi.org/10.1016/j.molcel.2005.04.003
http://www.ncbi.nlm.nih.gov/pubmed/29781349
https://dx.doi.org/10.1080/14728222.2018.1474203
http://www.ncbi.nlm.nih.gov/pubmed/27758883
https://dx.doi.org/10.1158/0008-5472.can-16-0715
http://www.ncbi.nlm.nih.gov/pubmed/31520395
https://dx.doi.org/10.1007/s13402-019-00435-1
http://www.ncbi.nlm.nih.gov/pubmed/26472729
https://dx.doi.org/10.1007/s10120-015-0551-7
http://www.ncbi.nlm.nih.gov/pubmed/29113301
https://dx.doi.org/10.18632/oncotarget.20571
http://www.ncbi.nlm.nih.gov/pubmed/29097184
https://dx.doi.org/10.1016/j.yexcr.2017.10.035
http://www.ncbi.nlm.nih.gov/pubmed/26571401
https://dx.doi.org/10.1172/JCI82826
http://www.ncbi.nlm.nih.gov/pubmed/21242974
https://dx.doi.org/10.1038/onc.2010.610
http://www.ncbi.nlm.nih.gov/pubmed/29019697
https://dx.doi.org/10.1021/acs.jmedchem.7b01134

Jaishideng®

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Zheng NN et al. PRMT inhibitor plus anti-PD-L1 in PDAC

Gastroenterol Surg 2018; 2: 274-281 [PMID: 30003190 DOI: 10.1002/ags3.12176]

Mace TA, Shakya R, Pitarresi JR, Swanson B, McQuinn CW, Loftus S, Nordquist E, Cruz-Monserrate Z,
YuL, Young G, Zhong X, Zimmers TA, Ostrowski MC, Ludwig T, Bloomston M, Bekaii-Saab T, Lesinski
GB. IL-6 and PD-L1 antibody blockade combination therapy reduces tumour progression in murine models
of pancreatic cancer. Gut 2018; 67: 320-332 [PMID: 27797936 DOI: 10.1136/gutjnl-2016-311585]

Xu C, Fillmore CM, Koyama S, Wu H, Zhao Y, Chen Z, Herter-Sprie GS, Akbay EA, Tchaicha JH, Altabef
A, Reibel JB, Walton Z, Ji H, Watanabe H, Janne PA, Castrillon DH, Rustgi AK, Bass AJ, Freeman GJ,
Padera RF, Dranoff G, Hammerman PS, Kim CF, Wong KK. Loss of Lkb1 and Pten leads to lung squamous
cell carcinoma with elevated PD-L1 expression. Cancer Cell 2014; 25: 590-604 [PMID: 24794706 DOI:
10.1016/j.ccr.2014.03.033]

Alvarez Arias DA, Kim HJ, Zhou P, Holderried TA, Wang X, Dranoff G, Cantor H. Disruption of CD8+
Treg activity results in expansion of T follicular helper cells and enhanced antitumor immunity. Cancer
Immunol Res 2014; 2: 207-216 [PMID: 24778317 DOI: 10.1158/2326-6066.CIR-13-0121]

Herbst RS, Soria JC, Kowanetz M, Fine GD, Hamid O, Gordon MS, Sosman JA, McDermott DF, Powderly
JD, Gettinger SN, Kohrt HE, Horn L, Lawrence DP, Rost S, Leabman M, Xiao Y, Mokatrin A, Koeppen H,
Hegde PS, Mellman I, Chen DS, Hodi FS. Predictive correlates of response to the anti-PD-L1 antibody
MPDL3280A in cancer patients. Nature 2014; 515: 563-567 [PMID: 25428504 DOI: 10.1038/nature14011]
Feng M, Xiong G, Cao Z, Yang G, Zheng S, Song X, You L, Zheng L, Zhang T, Zhao Y. PD-1/PD-L1 and
immunotherapy for pancreatic cancer. Cancer Lett 2017; 407: 57-65 [PMID: 28826722 DOI:
10.1016/j.canlet.2017.08.006]

Hogg SJ, Vervoort SJ, Deswal S, Ott CJ, Li J, Cluse LA, Beavis PA, Darcy PK, Martin BP, Spencer A,
Traunbauer AK, Sadovnik I, Bauer K, Valent P, Bradner JE, Zuber J, Shortt J, Johnstone RW. BET-
Bromodomain Inhibitors Engage the Host Immune System and Regulate Expression of the Immune
Checkpoint Ligand PD-L1. Cell Rep 2017; 18: 2162-2174 [PMID: 28249162 DOI:
10.1016/j.celrep.2017.02.011]

Qiu XY, Hu DX, Chen WQ, Chen RQ, Qian SR, Li CY, Li YJ, Xiong XX, Liu D, Pan F, Yu SB, Chen XQ.
PD-L1 confers glioblastoma multiforme malignancy via Ras binding and Ras/Erk/EMT activation. Biochim
Biophys Acta Mol Basis Dis 2018; 1864: 1754-1769 [PMID: 29510196 DOI: 10.1016/j.bbadis.2018.03.002]
Lastwika KJ, Wilson W 3rd, Li QK, Norris J, Xu H, Ghazarian SR, Kitagawa H, Kawabata S, Taube JM,
Yao S, Liu LN, Gills JJ, Dennis PA. Control of PD-L1 Expression by Oncogenic Activation of the AKT-
mTOR Pathway in Non-Small Cell Lung Cancer. Cancer Res 2016; 76: 227-238 [PMID: 26637667 DOI:
10.1158/0008-5472.CAN-14-3362]

Lu C, Paschall AV, Shi H, Savage N, Waller JL, Sabbatini ME, Oberlies NH, Pearce C, Liu K. The MLL1-
H3K4me3 Axis-Mediated PD-L1 Expression and Pancreatic Cancer Immune Evasion. J Nat! Cancer Inst
2017; 109 [PMID: 28131992 DOI: 10.1093/jnci/djw283]

Ishida Y, Agata Y, Shibahara K, Honjo T. Induced expression of PD-1, a novel member of the
immunoglobulin gene superfamily, upon programmed cell death. EMBO J 1992; 11: 3887-3895 [PMID:
1396582 DOL: 10.1002/j.1460-2075.1992.tb05481.x]

Nishimura H, Okazaki T, Tanaka Y, Nakatani K, Hara M, Matsumori A, Sasayama S, Mizoguchi A, Hiai
H, Minato N, Honjo T. Autoimmune dilated cardiomyopathy in PD-1 receptor-deficient mice. Science 2001;
291: 319-322 [PMID: 11209085 DOI: 10.1126/science.291.5502.319]

Tikhanovich I, Zhao J, Bridges B, Kumer S, Roberts B, Weinman SA. Arginine methylation regulates c-
Myc-dependent transcription by altering promoter recruitment of the acetyltransferase p300. J Biol Chem
2017; 292: 13333-13344 [PMID: 28652407 DOIL: 10.1074/jbc.M117.797928]

Favia A, Salvatori L, Nanni S, Iwamoto-Stohl LK, Valente S, Mai A, Scagnoli F, Fontanella RA, Totta P,
Nasi S, Illi B. The Protein Arginine Methyltransferases 1 and 5 affect Myc properties in glioblastoma stem
cells. Sci Rep 2019; 9: 15925 [PMID: 31685892 DOI: 10.1038/s41598-019-52291-6]

Wirth M, Mahboobi S, Kriamer OH, Schneider G. Concepts to Target MYC in Pancreatic Cancer. Mol
Cancer Ther 2016; 15: 1792-1798 [PMID: 27406986 DOI: 10.1158/1535-7163.MCT-16-0050]

Hessmann E, Schneider G, Ellenrieder V, Siveke JT. MYC in pancreatic cancer: novel mechanistic insights
and their translation into therapeutic strategies. Oncogene 2016; 35: 1609-1618 [PMID: 26119937 DOI:
10.1038/0nc.2015.216]

Casey SC, Tong L, Li Y, Do R, Walz S, Fitzgerald KN, Gouw AM, Baylot V, Giitgemann I, Eilers M,
Felsher DW. MYC regulates the antitumor immune response through CD47 and PD-L1. Science 2016; 352:
227-231 [PMID: 26966191 DOI: 10.1126/science.aac9935]

Pan Y, Fei Q, Xiong P, Yang J, Zhang Z, Lin X, Pan M, Lu F, Huang H. Synergistic inhibition of pancreatic
cancer with anti-PD-L1 and c-Myc inhibitor JQ1. Oncoimmunology 2019; 8: 1581529 [PMID: 31069140
DOI: 10.1080/2162402X.2019.1581529]

WJG | https://www.wjgnet.com 3749 July 14,2020 | Volume26 | Issue26 |


http://www.ncbi.nlm.nih.gov/pubmed/30003190
https://dx.doi.org/10.1002/ags3.12176
http://www.ncbi.nlm.nih.gov/pubmed/27797936
https://dx.doi.org/10.1136/gutjnl-2016-311585
http://www.ncbi.nlm.nih.gov/pubmed/24794706
https://dx.doi.org/10.1016/j.ccr.2014.03.033
http://www.ncbi.nlm.nih.gov/pubmed/24778317
https://dx.doi.org/10.1158/2326-6066.CIR-13-0121
http://www.ncbi.nlm.nih.gov/pubmed/25428504
https://dx.doi.org/10.1038/nature14011
http://www.ncbi.nlm.nih.gov/pubmed/28826722
https://dx.doi.org/10.1016/j.canlet.2017.08.006
http://www.ncbi.nlm.nih.gov/pubmed/28249162
https://dx.doi.org/10.1016/j.celrep.2017.02.011
http://www.ncbi.nlm.nih.gov/pubmed/29510196
https://dx.doi.org/10.1016/j.bbadis.2018.03.002
http://www.ncbi.nlm.nih.gov/pubmed/26637667
https://dx.doi.org/10.1158/0008-5472.CAN-14-3362
http://www.ncbi.nlm.nih.gov/pubmed/28131992
https://dx.doi.org/10.1093/jnci/djw283
http://www.ncbi.nlm.nih.gov/pubmed/1396582
https://dx.doi.org/10.1002/j.1460-2075.1992.tb05481.x
http://www.ncbi.nlm.nih.gov/pubmed/11209085
https://dx.doi.org/10.1126/science.291.5502.319
http://www.ncbi.nlm.nih.gov/pubmed/28652407
https://dx.doi.org/10.1074/jbc.M117.797928
http://www.ncbi.nlm.nih.gov/pubmed/31685892
https://dx.doi.org/10.1038/s41598-019-52291-6
http://www.ncbi.nlm.nih.gov/pubmed/27406986
https://dx.doi.org/10.1158/1535-7163.MCT-16-0050
http://www.ncbi.nlm.nih.gov/pubmed/26119937
https://dx.doi.org/10.1038/onc.2015.216
http://www.ncbi.nlm.nih.gov/pubmed/26966191
https://dx.doi.org/10.1126/science.aac9935
http://www.ncbi.nlm.nih.gov/pubmed/31069140
https://dx.doi.org/10.1080/2162402X.2019.1581529

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.3748 / wjg.v26.i26.3750

World Journal of
Gastroenterology

World | Gastroenterol 2020 July 14; 26(26): 3750-3766

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Basic Study

ORIGINAL ARTICLE

Adipose-derived mesenchymal stem cells alleviate TNBS-induced
colitis in rats by influencing intestinal epithelial cell regeneration,
Wnt signaling, and T cell immunity

Jian-Guo Gao, Mo-Sang Yu, Meng-Meng Zhang, Xue-Wei Gu, Yue Ren, Xin-Xin Zhou, Dong Chen, Tian-Lian

Yan, You-Ming Li, Xi Jin

ORCID number: Jian-Guo Gao 0000-
0002-9414-5395; Mo-Sang Yu 0000-
0002-5614-0227; Meng-Meng Zhang
0000-0002-5390-7947; Xue-Wei Gu
0000-0002-8391-6182; Yue Ren 0000-
0001-9071-2738; Xin-Xin Zhou 0000-
0003-0183-6400; Dong Chen 0000-
0002-9581-8774; Tian-Lian Yan 0000-
0003-2322-5029; You-Ming Li 0000-
0001-9279-2903; Xi Jin 0000-0001-
9985-3035.

Author contributions: Gao JG and
Yu MS contributed equally to this
work, and they designed the study
and drafted the manuscript; Zhang
MM, Gu XW, Ren Y, and Zhou XX
performed the study; Chen D
conducted the statistical analysis;
Zhang MM and Yan TL provided
guidance during revision; Jin X
and Li YM supervised the study
and provided consultation during
the entire study.

Supported by National Natural
Science Foundation of China, No.
81770574, No. 81600414, and No.
81600447.

Institutional animal care and use
committee statement: This study
was carried out in accordance with
the recommendations in the Guide
for the Care and Use of Laboratory
Animals of the National Institutes

Jaishideng®

WJG | https://www.wjgnet.com

Jian-Guo Gao, Mo-Sang Yu, Meng-Meng Zhang, Xue-Wei Gu, Yue Ren, Xin-Xin Zhou, Tian-Lian
Yan, You-Ming Li, Xi Jin, Department of Gastroenterology, The First Affiliated Hospital, School
of Medicine, Zhejiang University, Hangzhou 310003, Zhejiang Province, China

Dong Chen, Department of Colorectal Surgery, The First Affiliated Hospital, School of
Medicine, Zhejiang University, Hangzhou 310003, Zhejiang Province, China

Corresponding author: Xi Jin, PhD, Associate Chief Physician, Department of
Gastroenterology, The First Affiliated Hospital, School of Medicine, Zhejiang University, No.
79, Qingchun Road, Hangzhou 310003, Zhejiang Province, China. jxfl007@zju.edu.cn

Abstract

BACKGROUND

Conventional Crohn’s disease (CD) treatments are supportive rather than curative
and have serious side effects. Adipose-derived mesenchymal stem cells (ADSCs)
have been gradually applied to treat various diseases. The therapeutic effect and
underlying mechanism of ADSCs on CD are still not clear.

AIM

To investigate the effect of ADSC administration on CD and explore the potential
mechanisms.

METHODS

Wistar rats were administered with 2,4,6-trinitrobenzene sulfonic acid (TNBS) to
establish a rat model of CD, followed by tail injections of green fluorescent protein
(GFP)-modified ADSCs. Flow cytometry, qRT-PCR, and Western blot were used
to detect changes in the Wnt signaling pathway, T cell subtypes, and their related
cytokines.

RESULTS

The isolated cells showed the characteristics of ADSCs, including spindle-shaped
morphology, high expression of CD29, CD44, and CD90, low expression of CD34
and CD45, and osteogenic/adipogenic ability. ADSC therapy markedly reduced
disease activity index and ameliorated colitis severity in the TNBS-induced rat
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model of CD. Furthermore, serum anti-sacchromyces cerevisiae antibody and p-
anti-neutrophil cytoplasmic antibody levels were significantly reduced in ADSC-
treated rats. Mechanistically, the GFP-ADSCs were colocalized with intestinal
epithelial cells (IECs) in the CD rat model. GFP-ADSC delivery significantly
antagonized TNBS-induced increased canonical Wnt pathway expression,
decreased noncanonical Wnt signaling pathway expression, and increased
apoptosis rates and protein level of cleaved caspase-3 in rats. In addition, ADSCs
attenuated TNBS-induced abnormal inflammatory cytokine production, disturbed
T cell subtypes, and their related markers in rats.

CONCLUSION
Successfully isolated ADSCs show therapeutic effects in CD by regulating IEC
proliferation, the Wnt signaling pathway, and T cell immunity.

Key words: Crohn’s disease; Adipose-derived mesenchymal stem cell; Intestinal epithelial
cell; Wnt pathway; T cell; Inflammation
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Core tip: The prevalence and mortality of Crohn’s disease (CD) have been increasing
globally, including in areas of Asia that previously had a low incidence. We aimed to
investigate the effect and explore potential mechanisms of adipose-derived mesenchymal
stem cells (ADSCs) in a 2.,4,6-trinitrobenzene sulfonic acid-induced rat model of CD. Our
study for the first time provided evidence that successfully isolated ADSCs show
therapeutic effects in CD by regulating intestinal epithelial cell proliferation, the Wnt
signaling pathway, and T cell immunity.
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INTRODUCTION

Crohn’s disease (CD), a major subtype of inflammatory bowel disease (IBD), is a
chronic inflammatory disorder of the gastrointestinal tract. Patients with CD exhibit
diverse symptoms and lesions ranging from abdominal pain, diarrhea, hematochezia,
ulceration, and perforation of the gastrointestinal tract!). The prevalence and mortality
of CD have been increasing globally, including in areas of Asia that previously had a
low incidencel’. Conventional CD treatments consist of aminosalicylates, corticoste-
roids, antitumor necrosis factor agents, and immunomodulatorst. Although the
majority of patients benefit from these treatments, the treatments are supportive rather
than curative and have serious side effects.

Mesenchymal stem cells (MSCs) are progenitor cells with self-renewal abilities,
multiple-lineage differentiation potential, rapid growth, and immunomodulatory
capabilities!*l. MSCs can be isolated from many tissues, including bone marrow (BM-
MSC) and adipose tissue (ADSC). MSCs have been gradually applied to treat various
diseases, mainly by transplantation to repair pathological cells and reconstruct normal
cellsPl. The application of MSCs in treating IBD has become a hot research topic, but
the underlying mechanisms are still vaguel. The Wnt signaling (canonical and
noncanonical) pathway is a major pathway in stem cell proliferation and
differentiation”. The canonical Wnt pathway is activated by the binding of Wnt3a to
the frizzled receptor (Fz) and its coreceptor complex!l. This leads to stabilization of -
catenin, which translocates to the nucleus and interacts with T cell factor/lymphoid
enhancer factor!”, further stimulating intestinal crypt cell proliferation and
maintaining a stem cell statel'’”’. Noncanonical signaling is activated by Wnt5a and is
implicated in the establishment of cell polarity and migration, inflammation, and
cancer development. Ror2 acts as a receptor or coreceptor for Wntba and regulates
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Wntba-induced activation of planar cell polarity and Wnt-Ca** pathways, playing an
important role in the maintenance of stemness!'l. A previous study showed the
activation of Wnt3a in IBD rats, suggesting the potential involvement of the canonical
Wnt pathway in CDI'2. However, the mechanisms of the noncanonical Wnt pathway in
CD remain unclear and require further investigation.

Disturbances in the immune system also play an important role in the pathogenesis
of CD. T cells play central roles in immune regulation and can be divided into T helper
type 1 (Thl), Th2, Th17, and regulatory T (Treg) cells according to their different
functions!”’l. Previous studies showed that T cells are important mediators of the
inflammatory response in CD!", and the proportions of Th1l and Th17 cells was higher,
while that of Treg cells was lower in CD patients compared to healthy controls.
Moreover, patients with lower Treg/Thl and Treg/Th17 ratios suffer a higher risk of
CD recurrence, while Treg restoration prevented colitis in a mouse CD model!”.. These
findings suggest that the imbalance in T cell subgroups is related to the activation and
progression of CD. Since ADSCs have been shown to treat systemic lupus
erythematosus by increasing the number of Treg cells and reducing Th17 cells!""}, it is
plausible that its therapeutic effect on CD may be through regulating T cell immunity.
In addition to the Wnt pathway and T cell immunity, intestinal cell regeneration is also
vital in CD progression, mainly by accelerating mucosal healing!”l. However, whether
the therapeutic effect of ADSCs on CD occurs by influencing intestinal cell
regeneration has not been reported.

The trinitrobenzene sulfonic acid (TNBS)-induced rat colitis model is one of the
most commonly used experimental CD models!'”. Therefore, in this study, we
explored the therapeutic effect of ADSCs by tail administration in a TNBS-induced rat
CD model. We then traced the location of injected ADSCs to study its roles in
repairing damaged intestinal epithelium, involving Wnt signaling pathways and T cell
balance.

MATERIALS AND METHODS
Ethics

This study was carried out in accordance with the recommendations in the Guide for
the Care and Use of Laboratory Animals of the National Institutes of Health. The
animal protocol was approved by the institutional review board of the First Affiliated
Hospital of Zhejiang University and adhered to the standards articulated in animal
research.

Isolation, culture, identification, and evaluation of ADSCs from inguinal fat

Inguinal fat, one of the major sources of MSCs, was obtained aseptically from rats and
digested with collagenase type I in Dulbecco’s modified Eagle’s medium at 37°C for 45
min. Cell suspensions were sequentially filtered, centrifuged, resuspended, and
cultured in DMEM-F12 medium [supplemented with 10% fetal bovine serum (FBS), 20
ng/pL transforming growth factor, and 1% penicillin/streptomycin] at 37°C with 5%
CO,. When the adherent cells reached 80% to 90% confluence, the replication-defective
recombinant lentiviral vector carrying green fluorescent protein (GFP) (LT88008,
Vigene Biosciences) was added and cultured for 72 h, followed by phosphate buffered
saline (PBS) washing and trypsinization. The final third-passage cells were used to
evaluate the ADSC phenotype. The immunophenotyping of ADSCs was analyzed by
flow cytometry. Thereafter, cell counting kit-8 was used to measure the number of live
cells at days 0, 2, 4, 6, 8, and 10. ADSCs were separately cultured with osteogenic-
inducing medium and adipogenic-inducing medium for 14 d. To assess the osteogenic
capacity, alkaline phosphatase (ALP) activity was measured using an ELISA kit (C059-
1, Nanjing Jiancheng, China) by detecting the absorbance at 520 nm. To assess the
adipogenic capacity, routine red O staining was performed, and the dyed ADSCs were
observed under a microscope.

CD model establishment in rats by TNBS administration and the effect of ADSC
injection

Thirty male Wistar rats (150-200 g) aged 6 wk (Cavens Lab Animal, Suzhou, China)
were randomly divided into three groups (n = 8 for each): Control, CD, and CD + GFP-
ADSCs. All rats received food and water ad libitum and were maintained ona 12/12 h
light/dark cycle. After 1 wk, rats in the CD and CD + GFP-ADSCs groups were
administered with 1.0 mL of 20 mg TNBS in a 50% ethanol solution following a 24 h
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fast. Enemas were performed by inserting an 8 cm soft tube into the rat’s anus under
inhalation anesthesia with 3% sodium phenobarbital. In the control group, the rats
underwent with the same procedure and were administered with an equivalent
amount of physiological saline. Subsequently, on day 8, the GFP-ADSCs were injected
via the tail vein at a dose of 1 x 107 cells in 0.3 mL of PBS into the rats in the CD + GFP-
ADSCs group. In the control and CD groups, the rats received 0.3 mL of PBS without
ADSCs following the same protocol.

The body weight, stool consistency, and rectal bleeding of each rat were recorded on
day 7 after model establishment and days 7, 14, 21, and 28 after ADSC treatment. A
well-known formula to determine the serial disease activity index (DAI), ranging from
0 to 12, including aspects of weight loss, stool characteristics, and bloody stool, was
used to assess the clinical severity of colitis. On day 28, all rats were sacrificed, and
blood and tissue samples were collected. The colon was retrieved to observe
morphological changes. A 0.5 cm length of colonic tissue from the area 6 cm above the
anus was collected for hematoxylin and eosin (HE) staining, followed by Lgr5/CK-20
immunofluorescence detection by confocal microscopy, apoptosis analysis by the
TUNEL method, and Western blot/qRT-PCR analysis for Wnt pathway/T cell
immunity-related proteins and mRNA. Finally, the serum anti-sacchromyces
cerevisiae antibody (ASCA) and p-antineutrophil cytoplasmic antibody (p-ANCA)
levels were measured with ELISA kits (CK-EN34476, CK-EN35015, Yuanye Co. Ltd,
Shanghai, China).

Tracing GFP-ADSC distribution and TUNEL assay

To test the effect of ADSCs on colonic epithelial cell regeneration, ADSCs were
transfected with a lentiviral vector containing green fluorescent protein (LV-GFP).
After 28 d of GFP-ADSC treatment, the rats were sacrificed, and the heart, liver,
spleen, lung, kidney, and colon tissues were collected to detect the GFP-positive cell
expression pattern throughout the body by fluorescence confocal microscopy. The
colon section was additionally stained with antibodies against GFP, CD20, and Lgr5,
followed by visualization using FITC-conjugated secondary antibodies under a
confocal microscope. The number of positive cells was calculated and compared
between different groups. For apoptosis analysis of the intestinal cells, colon tissue
specimens were embedded in paraffin and sectioned at 5 pm for processing by the
TUNEL method (Roche, Shanghai, China). The apoptotic cells were dyed and
observed under an Olympus microscope. Ten visual fields were selected, 100 cells
within each field were counted, and the following formula was applied: Apoptosis
index = (apoptosis cell/total cell) x 100%!""1.

Analysis of T cell subtypes in peripheral blood by flow cytometry

Blood samples were collected in sterile vacutainer tubes containing heparin (100
U/mL). Peripheral blood mononuclear cells (PBMCs) were isolated by sequential
centrifugation and suspended in RPMI-1640 with 10% FBS, followed by incubation at
37°C in a 5% CO, incubator for 2-3 h. PBMCs with a viability greater than 95% as
determined by the trypan blue dyeing method were chosen for further experiments.
For Th1, Th2, and Th17 cell analysis, 200 mL of PBMC (1 x 10"/mL) suspension was
added with phorbol ester (50 ng/mL), ionomycin (1 pg/mL), and monensin (2
pmol/L) and incubated in a 5% CO, incubator for 6 h. After triple washing with PBS,
the resuspended PBMC suspension was separately added with CD4 monoclonal
antibody and IFN-y/IL-4/IL-17 monoclonal antibody. The mixture was cultured at
4°C for 30 min and analyzed by flow cytometry. For Treg cell analysis, the same
amount of PBMC suspension was stained at 4 °C for 30 min with CD4 and CD25
monoclonal antibodies. Thereafter, 10 pL of Foxp3 monoclonal antibody was added
and cultured for an additional 20 min, followed by flow cytometry analysis.

Western blot and qRT-PCR

The transcription factor Foxp3 is a marker of Treg cells, GATA3 is a marker of T helper
cells, RORyt is a transcription factor that is specific for Th17 lineage commitment, and
T-bet is a biomarker for Th1 cells!"*. They were used as supplementary markers for
different T cell types and routinely quantified by Western blot using an ECL
chemiluminescence kit (Santa Cruz, United States). The levels of Wnt pathway/T cell
immunity-related mRNA were detected by qRT-PCR. Total RNA was extracted from
colon tissues with TRIzol reagent, and the concentration and quality were assessed.
The RNA was then reverse-transcribed using a FastQuant RT kit according to the
manufacturer’s protocol. qRT-PCR was conducted using SYBR Green SuperReal
PreMix Plus and a 7500 Real-time PCR system. Gene expression levels were
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determined using the comparative threshold cycle (AACt) method. B-actin was used as
an internal control for both Western blot and qRT-PCR. The detailed primer sequences
for qRT-PCR are shown in Supplementary Table 1.

Statistics analysis

Statistical analyses were performed by using Statistical Package for the Social Sciences
version 16.0. The data are presented as the mean + standard deviation when they were
normally distributed or as medians when the distribution was skewed. Unpaired t-test
and Mann-Whitney U test for parametric and nonparametric analyses were used for
comparisons between two groups. The Kruskal-Wallis test was used for comparisons
among three groups. A P value < 0.05 was considered statistically significant.

RESULTS

Isolation and characterization of ADSCs

The isolated cells were evaluated based on morphology, molecular biomarkers, and
stemness. As shown in Figure 1A, cells extracted from groin fat exhibited the
characteristics of ADSCs, including spindle-shaped morphology and
whirlpool/radial-arranged growth. The lentivirus-mediated construction of GFP-
ADSCs was confirmed by green fluorescence detection. Flow cytometry showed that
these cells had the typical marker pattern of ADSCs, including high expression of
CD29, CD44, and CD90 but low levels of CD34 and CD45 (Figure 1B). The quality of
the isolated cells was good, evidenced by a typical S-like proliferation curve
(Figure 1C). The stemness of the isolated cells was evaluated by osteogenic and
adipogenic induction. After osteogenic induction, ADSCs and GFP-ADSCs showed
significantly higher ALP activity compared with that of controls (Figure 1D). After
adipogenic induction, lipid droplets were observed in the cytoplasm of ADSCs and
GFP-ADSCs, as shown by a brick-red color change after staining with Oil red O
(Figure 1E). Taken together, these data suggested that these isolated cells presented a
typical phenotype of ADSCs.

ADSCs alleviate TNBS-induced experimental colitis in rats

The therapeutic effect of ADSCs was evaluated in rats with TNBS-induced
experimental colitis. To assess the severity of colitis, DAI and body weight changes
were recorded every 7 d. The DAI was significantly increased, while the body weight
was significantly decreased after TNBS administration, and ADSC therapy
significantly reduced DAI in a time-dependent manner (Figure 2A). Although there
was self-alleviation of DAI in the CD group after withdrawal of TNBS, a significantly
lower DAI was observed in the CD + GFP-ADSCs group starting 7 d after TNBS
delivery compared with that of the CD group. On day 28, the rat weight in the CD +
GFP-ADSCs group became significantly higher than that in the CD group (
Supplementary Table 2).

The colon length was significantly shorter in the CD group than in the control
group, which partially recovered after ADSC therapy, although this difference was not
statistically significant (Figure 2B). The intestinal ulceration and inflammation severity
were further evaluated by HE staining. As illustrated in Figure 2C, the colon tissue
structure of control rats was clear, the mucosa was complete, and the intestinal glands
in the lamina propria were rich and closely arranged; in the CD group, the
arrangement of intestinal glands was disordered, the mucosa was damaged, and there
were a large number of infiltrated inflammatory cells; after ADSC treatment, the
damaged mucosa and the disordered intestinal glands in the lamina propria were
improved. Furthermore, we found a significant reduction in plasma ASCA and p-
ANCA concentrations in GFP-ADSC-treated rats (Figure 2D).

ADSC therapy stimulates colonic epithelial proliferation in rats with TNBS-induced
colitis

The distribution of ADSCs was detected by adding GFP to ADSCs and observed by
using fluorescence confocal microscopy. GFP fluorescence was detected in the spleen,
lung, and colon of the CD + GFP-ADSCs group, and the density was relatively higher
in the colon. In contrast, GFP fluorescence was not observed in the heart, liver, and
kidney (Figure 3A). CK-20 is a biomarker for intestinal epithelial cells (IECs) and is
indicative of mucosal healing and proliferation. As shown in Figure 3B, more CK-20-
positive cells were present in the bottom of the crypts in the ADSC-treated group than
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Figure 1 Isolation, culture, and identification of adipose-derived mesenchymal stem cells. A: Well-grown adipose-derived mesenchymal stem cells
(ADSCs) were observed under a microscope (scale bar: 100 um), and stable expression of green fluorescent protein (GFP) was identified in GFP-ADSCs under a
fluorescence microscope (scale bar: 100 ym); B: ADSC surface antigen analysis was carried out by flow cytometry. The characteristic surface biomarkers for ADSCs
were confirmed, including CD29, CD44, and CD90 positivity and CD34 and CD45 negativity; C: ADSCs presented a typical S-like proliferation curve; D: Differentiation
into osteocytes was confirmed by increased ALP. °P < 0.01 vs ADSCs + PBS, “P < 0.01 vs GFP-ADSCs + PBS; E: Differentiation into adipocytes was confirmed by
the presence of lipid vesicles stained with oil red O (scale bar: 20 ym). ADSCs: Adipose-derived mesenchymal stem cells; GFP: Green fluorescent protein.
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Figure 2 Tail injection of adipose-derived mesenchymal stem cells in rats protects against TNBS-induced colitis. A: Disease activity index of
respective groups from baseline. -1 d indicates the day before adipose-derived mesenchymal stem cell (ADSC) injection, 7 d, 14 d, 21 d, and 28 d represent 7 d, 14
d, 21 d, and 28 d after ADSC therapy, respectively; B: Gross morphology of colon tissue and colon length among the groups; C: Representative hematoxylin and
eosin staining of colon tissue in the three groups (scale bar: 100 pm); D: Serum concentrations of anti-sacchromyces cerevisiae antibody and p-antineutrophil
cytoplasmic antibody detected by ELISA. Data are presented as the mean + SD. 2P < 0.05, °P < 0.01 vs control group; °P < 0.05, “P < 0.01 vs CD group. ADSCs:
Adipose-derived mesenchymal stem cells; CD: Crohn’s disease; GFP: Green fluorescent protein.

in the CD group, indicating an accelerated mucosal healing process. GFP green
fluorescence merged images supported the specific proximity between epithelial cells
and ADSCs, suggesting potential interplay. On the other hand, the typical biomarker
of intestinal stem cells (ISCs), Lgr5, was weakly detected in the control and CD groups.
The coexpression of GFP and Lgr5 was not observed in the CD + GFP-ADSCs group,
indicating that ADSCs had no direct effect on ISCs (Figure 3C).

ADSC therapy activates the noncanonical Wnt signaling pathway and reduces cell

apoptosis in rats with TNBS-induced colitis

Expression of the Wnt signaling pathway was evaluated by qRT-PCR. The expression
levels of Wnt3a, Fzd3, and P-catenin were significantly increased in the CD group
compared with the control group, while GFP-ADSC treatment significantly
antagonized such changes (Figure 4A). The expression levels of Wnt5a, Fzd5, and Ror2
were significantly decreased in the CD group compared with the control group, and
GFP-ADSC delivery also antagonized such changes (Figure 4B). The apoptosis rate in
colon tissue was assessed by a TUNEL assay (Figure 4C). Semiquantitative analysis
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showed that the number of TdT-positive cells was significantly increased in the rats
administered with TNBS compared with the control group. GFP-ADSC administration
significantly antagonized such change. Although the caspase-3 level was similar in the
control, CD, and GFP-ADSC groups, Western blot analysis showed that the cleaved
caspase-3 level was significantly increased in the CD group, and was significantly
decreased in the GFP-ADSCs group compared with that in the CD group (Figure 4D).

ADSCs ameliorate abnormal inflammatory cytokine production and disturbed T cell

subtypes in rats with TNBS-induced colitis

We investigated whether GFP-ADSC administration influences the production of
inflammatory cytokines involved in intestinal inflammation. We observed an obvious
increase in the expression of proinflammatory cytokine (IFN-y, IL-2, IL-17, and IL-23)
and a decrease in the expression of anti-inflammatory cytokine (IL-4, IL-13, IL-10, and
TGEF-) in CD, which were further ameliorated after GFP-ADSC treatment (Figure 5A).
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Figure 4 Effect and mechanism of adipose-derived mesenchymal stem cell administration in rats with TNBS-induced colitis. A: mRNA from
colonic extracts was analyzed by gRT-PCR for the major molecules in the canonical Wnt signaling pathway: Wnt3a, Fz3, and B-catenin; B: mRNA from colonic
extracts was analyzed by qRT-PCR for the major molecules in the noncanonical Wnt signaling pathway: Wntba, Fz5, and Ror2. Expression is presented as a ratio of
cytokine/B-actin; C: Apoptosis of colonic cells was visualized by a TUNEL assay (scale bar: 20 um), and semiquantitative analysis was performed; D: The expression
of caspase-3 and cleaved-caspase 3 was evaluated by Western blot and compared among the control, CD, and GFP-ADSC therapy groups. Quantification is
expressed as the fold induction. Data are presented as the mean + SD. 2P < 0.05, °P < 0.01 vs control group; °P < 0.05, “P < 0.01 vs CD group. ADSCs: Adipose-
derived mesenchymal stem cells; CD: Crohn’s disease; GFP: Green fluorescent protein.

Western blot analysis demonstrated that after TNBS delivery, the expression of Foxp3
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Figure 5 Changes in inflammatory markers and T cell-secreted molecules. A: Total mMRNA from colonic extracts was analyzed by gRT-PCR for
inflammatory cytokines involved in colitis: IFN-y, IL-2, IL-17, IL-23, IL-4, IL-13, IL-10, and TGF-B; B: Western blot analysis of Foxp3, GATA3, RORy, and T-bet. Data
are presented as the mean + SD. °P < 0.01 vs control group; °P < 0.05, °P < 0.01 vs CD group. IFN-y: Interferon-y; IL-6: Interleukin-6; IL-17: Interleukin-17; IL-23:
Interleukin-23; IL-4: Interleukin-4; IL-13: Interleukin-13; IL-10: Interleukin-10; TGF-B: Transforming growth factor. ADSCs: Adipose-derived mesenchymal stem cells;
CD: Crohn’s disease; GFP: Green fluorescent protein.

DISCUSSION

MSCs were first identified as a marrow-derived clonal source of cells in the 1960s/*!..
Despite different sources, MSCs have common features and behavioral traits, which
not only provide cells for tissue reconstitution but also regulate inflammation and
“educate” other cells to facilitate tissue repair™. Accumulating evidence suggests a

Bishidengs WIG | https://www.wjgnet.com 3760 July 14,2020 | Volume26 | Issue26 |



A 1-IFN-r-1: P1 . 1-IFN-r-1: P2 B
x 10* 100 10 Q-UL QI-UR
. (0.46%) (5.53%)
10° 4
° < g
£ T 501 P2 (49.72%) o 10* 4 £
Q 0\ e vs AT | — o Q
o %] | ™ »! o
i 10°
% Q1-LL Q1-IR
0 | 107 12.07%) 91.94%)
10> 10° 10* 10° 10° 10> 10° 10 10° 10°
APC-A APC-A
. 100 2-1FN-r-1: P1 10° 2-IFN-r-1: P2
X 10 QI-UL QL-UR
(0.96%) (15.16%)
5
10°)
< 50 P2 (49.60% I 10 8
a 5 1 .69%) O 107 ]
o %) ¥ ) =t
n : | [
[ 10°
- o QUL QIR
0 = | 102 L A-11%) 82.78%)
102 10° 10° 10° 10° 10> 10° 10* 10° 10°
APC-A APC-A
© 100 3-IFN-r-1: P1 10 3-IFN-r-1: P2
X 10 Qi-UL Q1-UR
0 (0.55%) (9.96%) ]
g 10° %)
) [a)
< < 5
& & 50 P2 (51.54%) O 10° %
(%3] 2 R —
+ %] Fia | o ’ +
a { 10° b 8
© [ Q1-LL Q81-LR
0 102 L3-71%) (87.78%)
10> 10° 10° 10° 10° 10> 10° 10* 10° 10°
APC-A APC-A
Thi
8 b
g° ac g
2 4 £
[ Q
o o
&> &
0
& % &
& N
G Py
&
X
%
Bishidengs WIG | https://www.wjgnet.com 3761

Gao JG et al. ADSCs alleviate TNBS-induced colitis

o 100 1-IL-4-1: P1 10 1-IL-4-1: P2
X1 Q1-UL 1-UR
. (0.00%) 86.88%)
10° 4
I 50l P243.28%) S 10°
7, —— = @
a ; |.|_ ?
103] »
Q1-LL T QIR
102 1 (0-00%) (83.12%)
10° 100 10° 10° 10° 10°
APC-A
. 2-IL-4-1: P1 " 2-1-4-1: P2
X 10 100 10 QUL QIR
. (2.06%) (14.27%)
10
<I: 1
<
@ S0{ . P2(44.20%) S 10
3 ] T | *
; | 10
’[* [ ]QI-LL © QIR
0 R 107 1 0-34%) (83.32%)
102 10° 10° 10° 10° 10° 10° 10* 10° 10°
APC-A APC-A
’ 3-1L-4-1: P1 . 3-IL-4-1: P2
x 10° 100 10 QUL QR
: (0.00%) (15.90%)
10
< i
) ; <
B oso| P28 S 10 ‘
s ) = Q
‘ 10,
| Q1-LL %I—LR
0 | 167 1 0.00%) (84.10%)
10> 10° 10* 10° 10° 10> 10° 10° 10° 10°
APC-A APC-A
Th2
8 c
b
6
4
2
0
& ¢ &
& b
(8
[©
X
Io%
July 14,2020 | Volume?26 | Issue26 |



Gao JG et al. ADSCs alleviate TNBS-induced colitis

C
x 10*

Control
SSC-A

x 10*

CD
SSC-A

x 10*

CD + GFP-ADSCs
SSC-A

20

15

10

Percent (%)

D
1-IL-17-1: P1 1-1L-17-1: P2 . 1-CD25 FOXP3-1: P1 . 1-CD25 FOXP3-1: P2
100 10° QUL 2-UR X 10" 100 10 QUL O-UR
L 10.27%) (10.39%) . (1.98% (3.97%)
10° 4 1
< I g <
50 P2 (49.99%) O 10' . 2 § 50 | P2 (54.09%) O 10
T ; s] | .
# 10° ; i 10° g .
e 2-LL © Q2R £ 3-LLE X
0 — 02 8.52?/0) ?87.75%) 0 ) (Q'BO.O‘%) . (4£4%)
10 10° 10* 10° 10° 10 10° 10° 10° 10° 107 10° 10° 10° 10° 10> 10° 10* 10° 10°
APC-A APC-A APC-A APC-A
2-11-17-1: P1 s 2-IL-17-1: P2 x 10 2-CD25 FOXP3-1: P1 . 3-CD25 FOXP3-1: P2
100 10° yo500 Q2R 100 10" ro3.uL QB-UR
o (0.97%) (34.19%) o (0.52% (1.51%)
<C
<C ! <t
50 P2 (43.34%) © 10° ‘ 6 @ 50 P2 (52.00%) © 10°
BT T 1 ! T
10° 10° |
Q2-LL Q2-LR Q3-LL§ Q3-LR
0 e o .80 [, (63.56%) 0 I e o 1G4.97%)  (3.01%)
10 10° 10* 10° 10° 10" 10° 10° 10° 10° 107 10° 10° 10° 10° 10* 10° 10* 10° 10°
APC-A APC-A APC-A APC-A
3-11-17-1: P1 s 3I17-1:P2 % 10" 3-CD25 FOXP3-1: P1 . 3-CD25 FOXP3-1: P2
100 10° roar Q2-UR ” 100 10" ro30 QB-R
(0.67%) (22.28%) Q (6.99% (2.59%)
10° 4 A 10°
< <
< o ! <
501 P2(44.62%) | O 10° g 5 3 50 P2 (46.03%) | O 10
2% ; ) T * + 3 s
10° a 10°) f
‘ Q2-LL Q2-LR © Q3-LE* Q3-LR
0 ‘ = 102 (1.81%) . (75“.24%) 0 —— ) 107 (92.4300)”’ (4_90%)
10° 10° 10" 10° 10° 10* 10° 10* 10° 10° 10° 10° 10* 10° 10° 10° 10° 10* 10° 10°
APGA APC-A APC-A APC-A
Th17 Treg
2.5
b 2.0
g 1.5
bd 5 ' bc
S 1.0 b -
&
0.5
. 0.0 - ‘
S o g ¢ &
N QO S Y
Q @ g
& &
X X
S &

Figure 6 Tail injection of adipose-derived mesenchymal stem cells corrects the T cell imbalance in TNBS-induced colitis. The administration
of ADSCs suppressed the overproduction of Th1 and Th17 cells induced by trinitrobenzene sulfonic acid and upregulated the decline of Th2 and Treg cells, as shown
by flow cytometry. A: Th1 expression; B: Th2 expression; C: Th17 expression; D: Treg expression. Data are presented as the mean + SD. 2P < 0.05, °P < 0.01 vs
control group; °P < 0.05, ¢P < 0.01 vs CD group. ADSCs: Adipose-derived mesenchymal stem cells; GFP: CD: Crohn'’s disease; Green fluorescent protein.
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therapeutic effect of MSCs in IBD**! and ADSCs have been widely used because of
their easy acquisition. In 2005, the first phase I clinical trial showed that 75% of fistulas
were healed by ADSC therapy without any side effects”], which opened the window
to ADSC therapy for CD. Further studies showed that ADSC injection modulated the
abnormal immune response in CD patients, resulting in clinical improvement!.
However, the underlying mechanisms of ADSCs in CD are still vague. In this study,
we demonstrated that ADSC administration alleviates TNBS-induced colitis by
accelerating IEC regeneration, partially restoring the dysregulated Wnt signaling
pathway and rebalancing T cell repertoire, which reinforces the effectiveness of ADSC
therapy in CD and provides novel clues for further mechanism exploration.

Mucosal healing is associated with a more favorable prognosis for CD. Previous
studies showed the therapeutic effects of ISCs in improving mucosal healing and
functional engraftment of the derived colon epithelial cells after successful
transplantation™*). However, a lack of immunoregulation capacity may hamper
further application of ISCs, especially compared with that of MSCs. Moreover,
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accumulating evidences suggest that systemically transplanted BM-MSCs may home
to the injured gut and transdifferentiate into ISCs or interstitial lineage cells to repair
the damaged tissue®!. A recent study showed that intraperitoneally administered
MSCs homing to inflamed tissues were a prerequisite to achieve their beneficial
effectt’. However, the effects of ADSC administration on CD and the mechanisms of
mucosal healing have rarely been reported. Our results not only showed the
therapeutic effect of ADSCs on the CD phenotype in TNBS-induced rats but also
demonstrated that ADSCs engrafted into damaged colon and colocalized with IECs
but not ISCs, partially clarifying the mechanisms of ADSCs in mucosal healing. This
result enhances previous findings showing the therapeutic effect of local MSC
administration in experimental colitis®™.

The Wnt signaling pathway was chosen as the candidate because of its capacity to
regulate the self-renewal and differentiation of MSCs and to determine the fates of
ISCs>*1. Therefore, this pathway acts as a bridge between MSCs and receptors.
Previous studies showed activated canonical and suppressed noncanonical Wnt
signaling in IBD. In this study, when the intestinal epithelium was inflamed,
canonical Wnt signaling was activated. After ADSC transplantation, the canonical Wnt
signaling-related genes were downregulated. For the noncanonical Wnt pathway, the
levels of relative genes were significantly decreased in the CD group but partially
recovered after ADSC administration. Since the canonical Wnt pathway enhances MSC
proliferation and the noncanonical Wnt pathway exerts the opposite effects, we
speculated that the noncanonical Wnt pathway activated by ADSC transplantation
may contribute to the transition of cell status from “proliferation” into
“differentiation” .

Disturbed T cell immunity and changes in its associated cytokine network are
actively involved in IBDM.It has been well accepted that the predominant
inflammatory profile in CD involves activated Th1/Th17 but depressed Th2/Treg cell
responses. In this study, we reconfirmed these findings in TNBS-induced rats with CD
phenotype and further showed that the alleviation of colitis after ADSC administration
was partially mediated by antagonizing those changes. Several molecular markers
were selected, and the same trend was observed in the changes in T cell subtype. Our
results were consistent with previous reports showing the contribution of T cells to the
therapeutic effect of BM-MSCs on TNBS-induced colitis™. It is theoretically plausible
that MSCs have the ability to suppress the proliferation and expansion of T helper cells
while inducing the differentiation and activation of Treg cells, while the latter has the
capacity to inhibit autoimmunity™. Additionally, a previous study showed that
apoptosis was exacerbated in CD™], which was also found in our study by the TUNEL
method and the expression level of active caspase-3.

There are several limitations that should be acknowledged. First, it is well known
that ISCs are located at the base of the intestinal crypts and renew the epithelium
through differentiation to multiple epithelial lineages!’. Although our results
identified that ADSCs were colocalized with IECs but not ISCs, whether ADSCs could
transdifferentiate into epithelial cells and the potential regulators are still unclear.
Second, although we found a change in T cell immunity in CD and after ADSC
treatment, the detailed mechanisms are still vague. Third, although we identified the
change in the Wnt signaling pathway in CD and after ADSC therapy, further
mechanism exploration has not been performed. Previous studies showed the effect of
the Wnt signaling pathway on the balance between cell proliferation and its potential
regulatorst!l. Whether these factors are applicable in ADSC therapy requires further
study. Fourth, studies are required to understand the potential risks of ADSC
treatment, such as tumorigenicity and immune rejection”. Fifth, it may be not
sufficient to use CK-20 as the marker of IECs and combination with Ki-67 should be
considered in the future. Finally, the relationship between the Wnt signaling pathway
and T cell distribution remains unclear. The mechanisms of ADSCs in modulating the
interactions between them warrant further research.

In conclusion, our findings not only confirmed the biological characteristics of
ADSCs, such as localization and multilineage differentiation potential, but also
suggested the effect of ADSC therapy in treating CD phenotype in a TNBS-induced rat
model. We further investigated the potential underlining mechanisms, involving IEC
proliferation, the Wnt signaling pathway, and T cell immunity, which provided novel
clues for the pathogenesis and treatment of CD (Figure 7).
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ARTICLE HIGHLIGHTS

Research background

Crohn’s disease (CD) is a chronic relapsing inflammatory disorder of the
gastrointestinal tract, especially involving the distal small intestine and the colonic
mucosa. Conventional treatments are supportive rather than curative and have serious
side effects.

Research motivation
Adipose-derived mesenchymal stem cells (ADSCs) have been gradually applied to
treat various diseases. The therapeutic effect and underlying mechanism of ADSCs on
CD are still not clear.

Research objectives

This study aimed to investigate the effect of ADSC administration on CD and explore
potential mechanisms on intestinal epithelial cell regeneration, Wnt signaling, and T
cell immunity.

Research methods

Wistar rats were administered with 2,4,6-trinitrobenzene sulfonic acid (TNBS) to
establish a rat model of CD, followed by tail injections of green fluorescent protein
(GFP)-modified ADSCs. After tracing in vivo ADSC distribution, flow cytometry, qRT-
PCR, and Western blot were used to detect changes in the Wnt signaling pathway, T
cell subtypes, and their related cytokines.

Research results

The isolated cells showed the characteristics of ADSCs, including spindle-shaped
morphology, high expression of CD29, CD44, and CD90, low expression of CD34 and
CD45, and osteogenic/adipogenic ability. ADSC therapy markedly reduced disease
activity index and ameliorated colitis severity in the TNBS-induced rat model of CD.
Furthermore, serum anti-sacchromyces cerevisiae antibody and p-anti-neutrophil
cytoplasmic antibody levels were significantly reduced in ADSC-treated rats.
Mechanistically, the GFP-ADSCs were colocalized with intestinal epithelial cells in the
CD rat model. GFP-ADSC delivery significantly antagonized TNBS-induced increased
canonical Wnt pathway expression, decreased noncanonical Wnt signaling pathway
expression, and increased apoptosis rates and protein level of cleaved caspase-3 in
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rats. In addition, ADSCs attenuated TNBS-induced abnormal inflammatory cytokine
production, disturbed T cell subtypes, and their related markers in rats.

Research conclusions
Successfully isolated ADSCs show co-location with IEC and therapeutic effects in CD
by regulating IEC proliferation, the Wnt signaling pathway, and T cell immunity.

Research perspective
Systemic ADSC infusion may be a potential choice for CD therapy.
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Abstract

BACKGROUND

Patient-ready duodenoscopes were designed with an assumed contamination rate
of less than 0.4%; however, it has been reported that 5.4% of clinically used
duodenoscopes remain contaminated with viable high-concern organisms despite
following the manufacturer’s instructions. Visual inspection of working channels
has been proposed as a quality control measure for endoscope reprocessing. There
are few studies related to this issue.

AIM

To investigate the types, severity rate, and locations of abnormal visual inspection
findings inside patient-ready duodenoscopes and their microbiological
significance.

METHODS

Visual inspections of channels were performed in 19 patient-ready
duodenoscopes using the SpyGlass visualization system in two endoscopy units
of tertiary care teaching hospitals (Tri-Service General Hospital and National
Taiwan University Hospital) in Taiwan. Inspections were recorded and reviewed
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to evaluate the presence of channel scratches, buckling, stains, debris, and fluids.
These findings were used to analyze the relevance of microbiological surveillance.

RESULTS

Seventy-two abnormal visual inspection findings in the 19 duodenoscopes were
found, including scratches (n = 10, 52.6%), buckling (1 = 15, 78.9%), stains (1 = 14,
73.7%), debris (n = 14, 73.7%), and fluids (n = 6, 31.6%). Duodenoscopes > 12 mo
old had a significantly higher number of abnormal visual inspection findings than
those <12 mo old (46 findings vs 26 findings, P < 0.001). Multivariable regression
analyses demonstrated that the bending section had a significantly higher risk of
being scratched, buckled, and stained, and accumulating debris than the insertion
tube. Debris and fluids showed a significant positive correlation with
microbiological contamination (P < 0.05). There was no significant positive
Spearman’s correlation coefficient between negative bacterial cultures and debris,
between that and fluids, and the concomitance of debris and fluids. This result
demonstrated that the presence of fluid and debris was associated with positive
cultures, but not negative cultures. Further multivariate analysis demonstrated
that fluids, but not debris, is an independent factor for bacterial culture positivity.

CONCLUSION

In patient-ready duodenoscopes, scratches, buckling, stains, debris, and fluids
inside the working channel are common, which increase the microbiological
contamination susceptibility. The SpyGlass visualization system may be
recommended to identify suboptimal reprocessing.

Key words: Duodenoscope; Working channel; Visual inspection; Microbiological
surveillance; Reprocessing; Endoscope reprocessing

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This study demonstrated that the common abnormal visual inspection findings of
patient-ready duodenoscopes were scratches (52.6%), buckling (78.9%), stains (73.7%),
debris (73.7%), and fluids (31.6%). The risk of duodenoscopes of being scratched,
buckled, and stained, and accumulating debris was significantly higher at the bending
section than at the insertion tube. The presence of debris and fluids is susceptible to
microbiological contamination. Multivariate analysis demonstrated that fluids, but not
debris, was an independent factor for bacterial culture positivity. Working channel
inspection may be added to the current recommendations to identify suboptimal
reprocessing or duodenoscopes requiring evaluation, repair, or replacement.

Citation: Liu TC, Peng CL, Wang HP, Huang HH, Chang WK. SpyGlass application for
duodenoscope working channel inspection: Impact on the microbiological surveillance. World J
Gastroenterol 2020; 26(26): 3767-3779

URL: https://www.wjgnet.com/1007-9327/full/v26/i26/3767.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i26.3767

INTRODUCTION

Duodenoscopes undergo a multi-step cleaning and high-level disinfection (HLD)
procedure, called reprocessing, so that they can be reused in patients. However, the
complex design of duodenoscopes may impede effective cleaning!-*. Clinically,
patient-ready duodenoscopes were designed with an assumed contamination rate of
less than 0.4%"1. The United States Food and Drug Administration (FDA) on April 12,
2019 reported that 5.4% of clinically used duodenoscopes remain contaminated with
viable high-concern organisms despite following the manufacturer’s reprocessing
instructions”. Higher-than-expected contamination rates have occurred despite
documented adherence to all steps, which suggests that the current guidelines of
endoscope reprocessing may be inadequatel>*1.

Working channels are subjected to wear and tear; the damaged channels allow
bacteria to adhere and hide, and the subsequent formation of biofilms are difficult to
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removel®’. Visual inspection of working channels of patient-ready endoscopes
revealed various findings, including presence of scratches, adherent peel, stains,
debris, and fluids'*?. Endoscopes with damaged working channels have been
considered sources of microbiological contamination®"”. The FDA recommended to
return the duodenoscopes to the manufacturer for inspection, servicing, and
maintenance at least once a yearl. Visual inspection may identify certain
abnormalities and improve the quality and care of duodenoscope reprocessing.

However, many questions have been raised about the visual inspection findings on
working channels in real-world situations!'”'“l. Studies related to working channels in
such situations are too limited to provide sufficient information. When should the
visual inspections be performed? Which types of visual inspection findings hold
clinical significance? Are the visual inspection findings correlated with microbiological
contamination?

With the development of digital endoscopic technology, the SpyGlass visualization
system has become increasingly available and easily accessible for clinical treatment in
endoscopy unitsl”l. Video recordings of working channels can be used for
communication, teaching, research, and education. An endoscopist may directly
visualize the working channels with the SpyGlass visualization system to identify
damaged duodenoscopes and return them to the manufacturer for evaluation, repair,
or replacement.

This study aimed to investigate the type, severity, and location of the abnormal
visual inspection findings inside working channels using the SpyGlass visualization
system. We also aimed to assess the clinical significance of these visual inspection
findings in microbiological surveillance of patient-ready duodenoscopes in endoscopy
units.

MATERIALS AND METHODS
Study design

Visual inspections of patient-ready duodenoscopes (Olympus, Tokyo, Japan) were
performed after HLD. The duodenoscope model, duodenoscope age, visual inspection
abnormal findings, adenosine triphosphate (ATP) test results, and microbiological
surveillance were collected for each duodenoscope. This study was conducted in two
endoscopy units of tertiary care teaching hospitals (Tri-Service General Hospital and
National Taiwan University Hospital) in Taiwan. A cross-sectional study of the
findings of visual inspection of the duodenoscopes was carried out from January 2019
to December 2019. Duodenoscope culture reports were obtained for review and
analysis via a longitudinal observational study. The present study was approved by
the Institutional Review Board of Tri-Service General Hospital, Taipei, Taiwan.

Duodenoscope reprocessing

Patient-used duodenoscopes undergo standard pre-cleaning, manual cleaning, and
HLD after each endoscopic retrograde cholangiopancreatography (ERCP)
procedurel™. HLD was undertaken using an automated endoscope reprocessor (AER)
with ortho-phthalaldehyde (OPA) as the chemical disinfectant. The HLD cycle ends
with alcohol flushes followed by an automated 1-min air purge within the AER.
Patient-ready duodenoscopes were stored vertically in a storage cabinet equipped for
humidity and temperature monitoring.

SpyGlass visualization system

Working channels were evaluated with the SpyGlass™ DS Direct Visualization System
(Boston Scientific Corp, Natick, MA, United States), which consists of capital
equipment and a SpyScope delivery catheter (SpyScope™ DS Catheter, SpyScope™ DS
II Catheter). A SpyScope delivery catheter has a length of 214 cm, an outer diameter of
3.5 mm (10.5 Fr), a light source at its distal tip, an adjustable brightness, and a lens that
enables high-resolution (24000 pixels) video recording during clinical treatment. A
high-resolution monitor (1280 x 1024) is designed to be attached to the cart and to
provide bright, clear images under various lighting conditions. The video was viewed
on a Windows-based computer, which allows the capturing of both video and still
images. The assigned SpyScope delivery catheter was reprocessed immediately before
each visual inspection with alcohol wipes for a full 2 min of contact time, followed by
air drying for 10 min!"?. After visual inspection, the delivery catheter was reprocessed
with the OPA solution.
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Location of visual inspection

Working channels were examined by manually advancing the SpyScope delivery
catheter in an anterograde fashion from the biopsy channel opening of the endoscope
handle. The SpyScope delivery catheter allows visualization of the entire length of the
working channel (140 cm), including the insertion tube (130 cm) starting from the
biopsy channel opening at the proximal part and the bending section (10 cm) proximal
to the elevator mechanism (Figure 1).

Type and severity of visual inspection findings

Visual inspection of the working channels of the patient-ready endoscopes revealed
various abnormal findings (Figure 2), including scratches, scratches with adherent
peel, stains, debris (dark-colored debris, light-colored debris, and other debris), and
fluids (clear and opaque fluids)!'*"?. The severity of the visual inspection findings was
evaluated using a modified form of Barakat et all'! ’s classification system that utilized
a 3-point scale with the following scores: 0 (none), 1 (mild), 2 (moderate), and 3
(severe). Visual inspection findings were recorded and reviewed by two endoscopists
and two endoscopy nurses. In case of a discrepancy in the image of a given visual
inspection, discussion would be held by four investigators. Repeated visual
inspections were performed to validate consistency and confirm subtle findings of the
duodenoscopes.

ATP test and microbiological surveillance
The ATP test was performed after duodenoscope manual cleaning as a routine quality
control program!”l. ATP samples obtained were flushed with sterile water, and then
the channel rinsate was harvested for the ATP test (Clean-Trace ATP Water, 3M, St
Paul, MN, United States). ATP levels were expressed in relative light units (RLUs).
Microbiological surveillance of clinically used duodenoscopes followed the
recommendation of the Digestive Endoscopy Society of Taiwan!'*'‘l. Ten milliliters of
normal saline were injected into the working channel. The elution from the distal end
was collected and mixed with 40-mL trypticase soy broth in the flask and then
incubated at 37°C for 48 h. The turbid sample was chosen, and a subculture with
Columbia CNA agar plate for gram-positive bacteria and MacConkey agar plate for
gram-negative bacteria was performed overnight. The pure colony was picked up and
underwent matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry to further identify the specific bacteria.

Statistical analysis

All data were entered into an Excel software (Microsoft Corp, Redmond, WA, United
States) spreadsheet. Statistical analyses were carried out using SPSS 22.0 (IBM,
Armonk, NY, United States). The McNemar test was used to compare the number of
the visual inspection findings among different duodenoscope ages. Multivariable
logistic regression analyses were performed to calculate the adjusted odds ratios with
95% confidence intervals (Cls) of the association between the bending section and
visual inspection findings. Spearman's correlation coefficients were calculated between
the visual inspection findings and microbiological contamination. Statistical
significance was defined as a P value < 0.05.

RESULTS

Duodenoscope characteristics

A total of 19 patient-ready duodenoscopes (JE-260V, n = 5; TJF-260V, n = 14; Olympus
Medical Systems, Tokyo, Japan) were examined in the endoscopy units (Table 1). The
mean age of the duodenoscopes was 35 + 38 mo, and mean usage count was 356 + 400.
The visual inspection findings of 19 duodenoscopes included scratches (n = 10, 52.6%),
buckling (n =15, 78.9%), stains (n = 14, 73.7%), debris (n = 14, 73.7%), and fluids (n = 6,
31.6%). The mean ATP levels were 70 + 120 RLUs. There was a total of 134 samples for
microbiological surveillance; of these, 6 (4.5%) samples showed positive results.

Duodenoscope service life vs visual inspection findings

The total number of abnormal visual inspection findings (42 findings vs 26 findings, P
< 0.001) and scratches (11 findings vs 3 findings, P < 0.001) were significantly higher in
> 12-mo-old duodenoscopes than in < 12-mo-old duodenoscopes (Figure 3). The total
number of abnormal visual inspection findings (21.3 + 11.6 findings vs 11.1 + 6.4
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Table 1 Duodenoscope characteristics, inspection findings, ATP test, and microbiological surveillance

Inspection abnormal findings (Severity degree/location)

Microbiological surveillance

Number Duodenoscope Age Usagesin) Debris Fluid ATP test
(model) (mo) Scratches Peel Buckling Stains Light (RLU) - . _
Dark color color Other  Clear Opaque Culture(n) Positive(n) Microorganism
1 JE-260V 87 1284 3/B 2/B 2/B 2/B 1/B 3/B - 3/1 - 135 34 2 P. aeruginosa
2 JE-260V 2 18 - - 1/B 2/1 - - - - - 185 2 1 P. aeruginosa
3 JE-260V 79 1267 - - - 2/B 2/1 - - - - 117 27 0 -
4 JE-260V 64 825 3/B 1/B  2/B 2/B 1/1 - - 3/1 3/1 45 24 0 -
5 JE-260V 1 15 - - - - 2/1 1/1&B 1/B 3/1 - 19 2 1 P. aeruginosa
6 TJE-260V 126 649 3/1&B - 2/1&B 2/1&B  2/1 = 1/B 3/1&B  3/1&B 48 29 2 P. aeruginosa
7 TJE-260V 3 34 - - 2/B - - - - - - 12 2 0 -
8 TJE-260V 12 135 = - 2/B 2/1 2/1 = - 3/1 1/1 108 2 0 =
9 TJE-260V 18 48 - - 2/1&B 2/1 - - - - - 63 2 0 -
10 TJE-260V 93 164 1/B 2/B 2/B 2/1&B  2/1&B - - - - 39 1 0 -
11 TJE-260V 51 425 3/B - 2/B 2/1 - - - - - 21 1 0 -
12 TJE-260V 38 251 1/B - 2/B 2/B 3/1&B - - - - 114 2 0 -
13 TJE-260V 37 612 3/B 2/B 2/B 2/B 3/1&B 1/1&B  1/1&B - - 153 2 0 -
14 TJE-260V 12 217 1/B - 2/1&B 1/B 1/1 - - - - 40 2 0 -
15 TJE-260V 16 251 - - - 1B 1/1 = = - = 48 0 0 =
16 TJE-260V 16 341 2/B - 1/B 1/B 1/1 - - - - 127 1 0 -
17 TJE-260V 2 50 = - 1/B > 2/ 1&B = - - = 29 0 0 =
18 TJE-260V 4 80 1/B - 1/B - 2/1&B - - - - 191 1 0 -
19 TJE-260V 4 67 - - - - - - - 3/1&B - 97 0 0 -
Summary 3538 356+£400 10 4 15 14 14 3 3 6 3 84 +57 134 6 -

Severity degree: None (0), mild (1), moderate (2), severe (3); location site: insertion tube (I) and bending section (B). Data in summary row are expressed as sum or mean * SD. ATP: Adenosine tri-phosphate; RLU: Relative light units; P.

aeruginosa: Pseudomonas aeruginosa.

findings, P = 0.043) were significantly higher in duodenoscopes that had > 200 uses
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proximal part (A) and bending section (10 cm) proximal to the elevator mechanism (B).
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Figure 2 Abnormal visual inspection findings (orange arrow) inside the working channels, including scratches (A and B), scratch with an
adherent peel (B), buckling (C), stains (A and B), dark-colored debris (D), light-colored debris (E), other debris (F), clear fluid (F and G),

and opaque fluid (H).
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than in those with < 200 uses.

Scratches, buckling, and stains were found at the same location during the follow-
up inspections (Figure 4). They may worsen and progressively increase in length and
width over time. However, debris and fluids may disappear after one or more cycles
of reprocessing.

Bending section vs insertion tube

The number of abnormal visual inspection findings located at the bending section was
higher than that located at the insertion tube (54 findings vs 39 findings), but it did not
reach statistical significance (Figure 5). The number of buckling findings at the
bending section was significantly higher than that at the insertion tube (15 findings vs
3 findings, P < 0.001). However, the number of fluid findings at the bending section
was significantly lower than that at the insertion tube (3 findings vs 9 findings, P <
0.001).
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Scratch

Buckling Buckling

Baseline 4 mo 8 mo 10 mo

Clear fluid

Figure 4 Scratches, buckling, and stains (orange arrow) appeared at the same location inside the working channel during the follow-up
inspections (B-D). Buckling and stains progressively increased in length and width (A-D). A scratch (D) was found. Debris (E and F) and clear fluid (E-H)
disappeared after one or more cycles of reprocessing.

Bending section is vulnerable to damage

Multivariable logistic regression analyses (Table 2) demonstrated that the risk of
abnormal visual inspection findings, including scratches (adjusted odds ratio = 2.60,
95%CI: 2.09-3.12, P < 0.001), buckling (adjusted odds ratio = 2.00, 95%CI: 1.68-2.39, P <
0.001), stains (adjusted odds ratio = 1.72, 95%CI: 1.16-2.56, P = 0.008), and debris
(adjusted odds ratio = 1.88, 95%CI: 1.50-2.36, P < 0.001) , was significantly higher at the
bending section, but this location had a significantly lower risk of fluid accumulation
(adjusted odds ratio = 0.30, 95%CI: 0.21-0.42, P < 0.001) as compared to the insertion
tube.
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Table 2 Multivariate regression analysis of abnormal visual inspection findings of the bending section and insertion tube

Variable Adjusted odds ratio 95%Cl Pvalue
Scratches 2.60 2.09-3.12 <0.001
Buckling 2.00 1.68-2.39 <0.001
Stains 1.72 1.16-2.56 0.008
Debris 1.88 1.50-2.36 <0.001
Fluids 0.30 0.21-0.42 <0.001
Reference: Insertion tube; CI: Confidence interval.
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Figure 5 Comparison of visual inspection findings between the bending section and insertion tube. ?ndicates statistically significant difference.

ATP test and microbiological surveillance

The number of abnormal visual inspection findings was not significantly associated
with ATP values after HLD (data not shown). Spearman's correlation coefficients were
calculated between abnormal visual inspection findings and microbiological
surveillance (Table 3). There was a significant positive Spearman’s correlation
coefficient between microbiological surveillance and debris (correlation coefficient =
0.423, P = 0.029), between that and fluids, (correlation coefficient = 0.476, P = 0.037),
and between that and concomitant debris and fluids (correlation coefficient = 0.702, P
=0.018).

There was no significant Spearman’s correlation coefficient between negative
bacterial cultures and debris (correlation coefficient = 0.512, P = 0.086), between that
and fluids (correlation coefficient = 0.114, P = 0.289), and between that and
concomitant debris and fluids (correlation coefficient = 0.617, P = 0.174). This result
demonstrated that the presence of fluid and debris is associated with positive cultures,
but not negative cultures.

Fluids is an independent factor for culture positivity

To clarify whether the debris or fluids determine bacterial culture positivity, we
further performed multivariate analyses to measure the relationship between two
variables whilst controlling for the effect of the other variable (Table 4). There was a
significant positive partial correlation coefficient between bacterial culture positivity
and fluids (correlation coefficient = 0.462, P = 0.046), but not between that and debris
(partial correlation coefficient = 0.316, P = 0.187). This result demonstrated that fluids,
but not debris, is an independent factor for bacterial culture positivity.
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Table 3 Correlation between abnormal visual inspection findings and microbiological surveillance

Microbiological surveillance

Variable
Spearman's correlation coefficient P value

Scratches 0.088 0.694
Buckling -0.080 0.746
Stains 0.133 0.587
Debris 0.423 0.029
Fluids 0.476 0.037
Debris + fluids 0.702 0.018

Table 4 Multivariate analysis of abnormal visual inspection findings and microbiological surveillance

Microbiological surveillance

Variable ; - —

Partial correlation coefficient P value
Debris 0.316 0.187
Fluids 0.462 0.046
Controlling for number of samples taken.

This study demonstrated that (1) the common abnormal visual inspection findings of
patient-ready duodenoscopes were scratches (52.6%), buckling (78.9%), stains (73.7%),
debris (73.7%), and fluids (31.6%); (2) the abnormal visual inspection findings,
especially for scratches inside the working channels, were significantly increased in
>12-mo-old duodenoscopes; (3) the risk of duodenoscopes of being scratched, buckled,
and stained, and accumulating debris was significantly higher at the bending section
than at the insertion tube; (4) the presence of debris and fluids makes the
duodenoscope susceptible to microbiological contamination; and (5) the presence of
fluids is an independent factor for bacterial culture positivity.

The results of this study are consistent with those of previous studies!'"'**! reporting
that the inside of working channels of patient-ready duodenoscopes commonly have
scratches, buckling, stains, debris, and fluids (Table 5). A previous guideline only
recommended to identify the wear and tear of the external surface, but it did not
require the inspection of the internal surface of the working channel”. The recently
published guidelines from several societies have recommended the performance of
visual inspections of working channels during endoscope care and reprocessing!®*"*l.
This study demonstrated that abnormal visual inspection findings may accumulate
during long-term endoscope use; these abnormal findings may progressively increase
in length and width over time. Visual inspection may identify certain abnormalities
and improve the quality of duodenoscope reprocessing in endoscopy units.

The Spyglass visualization system is designed to interface with computer software
and to record both still and video images!'>*"\. This system has been widely applied to
treat biliopancreatic diseases!”!. Currently, the available borescopes have short lengths
of 95-110 ecm!'”; therefore, borescopes do not allow for a one-step complete inspection
of the 140-cm working channel of a duodenoscope. Conversely, a SpyScope delivery
catheter is 214 cm in length; therefore, a one-step visual inspection of the working
channel can be done with a SpyScope. Endoscopists should routinely or intermittently
visualize the working channel during working hours. Early detection of these
abnormal visual inspection findings may allow early reporting to the manufacturers
and may promote prompt performance of quality assurance interventions before the
channel lumen becomes comprised, which could impair manual cleaning. Our study is
the first one to use the SpyScope delivery catheter as a tool for visual inspection,
besides its original clinical role in treating biliopancreatic diseases.

Endoscopic accessories, such as biopsy forceps, biliary stent, polypectomy snare,
and catheter guidewire, are frequently inserted into the working channel™. Forcing
instrumentation through the channel can cause damages or scratches to the channel™!.
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Table 5 Summary of studies on abnormal visual inspection findings in clinically used endoscopes

Study Endoscopes (duodenoscopes), n (n) Scratches (%) Buckling (%) Stains (%) Debris (%) Fluids (%)
Thaker et all''l, 2018 59 (14) 86 NR 59 22 8

Ofstead et all'”], 20181 45 (5) NR NR NR NR 47

Barakat et all”’], 2018 68 (7) 99 3 NR % 43

This study 19 (19) 526 789 73.7 73.7 31.6

NR: Not reported.

This frequently occurs at the bending section when the endoscope is extremely
angulated™!. It seems inevitable that the endoscopes undergo repeated mechanical
damage at the bending section during endoscopy procedures. Multivariable logistic
regression analyses (Table 3) demonstrated that the risk of developing scratches,
buckling, stains, and debris is significantly higher at the bending section than at the
insertion tube.

The bacteria may form biofilms in the endoscope channel, especially when the
working channels are damaged, and can contribute to the failure of the
decontamination process®”l. Colonizing microorganisms proceed with an initial
attachment to the preconditioned surface. At this point, the preconditioning film and
microorganisms or visible debris are loosely attached and can be easily removed by
manual cleaning™. Bacterial biofilms or visible stains can develop inside endoscope
channels if established reprocessing protocols are not met, and these biofilms can be
difficult to removel™]. Pseudomonas aeruginosa prefers a moist environment and forms
biofilms that are extremely difficult to remove from endoscope channels®*’.

For duodenoscopes contaminated with Pseudomonas aeruginosa, double cycles of
HLD, peracetic acid high-level disinfection, and ethylene oxide sterilization”! may not
be effective; thus, endoscopists should return them to the manufacturer for
replacement. With continuous use of the damaged endoscope and its accessories,
organic debris may enter into different areas of the device, thereby interfering with
reprocessing; this might increase the likelihood of biofilm development. Based on the
results of this study, our endoscopy units developed a protocol to ensure the quality of
reprocessing procedures. Duodenoscopes will be sent to the manufacturer for checking
or repairing immediately under the following conditions: (1) Presence of an endoscope
leak; (2) Structural or functional damage of the endoscope; (3) Repeated positive
bacterial cultures despite reprocessing by well-trained personnel; and (4) Isolation of
Pseudomonas aeruginosa by bacterial culture, associated with significant abnormal
visual inspection findings. Duodenoscopes used for more than a year are sent to the
manufacturer for annual checks.

LIMITATIONS

This study has several limitations. The number of samples taken for culture ranged
from O to 34 (Table 1). A total of 134 samples were available for microbiological
surveillance. We excluded three cases from the analysis (cases 15, 17, and 19, as shown
in Table 1) where no samples were taken for culture. We analyzed the number of
samples taken for culture by the service age of the duodenoscopes (> 12 mo vs < 12
mo). The number of samples taken for culture surveillance was higher in
duodenoscopes used for > 12 mo (11.2 £ 13.9 number of cultures, n = 11) than those
used for <12 mo (1.4 = 0.9 number of cultures, n = 8). This study showed that in real-
world situations, there will be variations between the samples taken from the
instruments. The duodenoscopes were observed for only a short period of time, which
may have caused inconsistencies. Furthermore, this was a two-site study with a small
sample size, so the findings may not be generalizable. Due to the limited number of
duodenoscopes, it was difficult to conduct a subgroup analysis, which may have
affected the results.
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CONCLUSION

Patient-ready duodenoscopes commonly have scratches, buckling, stains, debris, and
fluids inside the working channel. The presence of debris and fluids makes these
devices vulnerable to microbiological contamination. We found that the presence of
fluids was an independent factor for bacterial culture positivity. Routine visualization
of the working channels may provide the opportunity for early quality assurance
measures to be taken before the channel lumens become damaged, which may impair
manual cleaning. The visual channel inspection approach in our study may be added
to existing visual inspection recommendations to identify suboptimal reprocessing or
endoscopes requiring repair or replacement.

ARTICLE HIGHLIGHTS

Research background

The working channels of endoscopes are subjected to wear and tear. Damaged
channels allow bacteria to adhere and hide, and the biofilms that form are
subsequently difficult to remove. Visual channel inspection has been proposed as a
quality control measure for endoscope reprocessing.

Research motivation

Endoscopes with damaged working channels have been considered as sources of
microbiological contamination. The FDA recommended returning duodenoscopes to
the manufacturer for inspection, servicing, and maintenance at least once a year.
Visual inspection may identify certain abnormalities and improve endoscopic quality
and care of duodenoscope reprocessing. However, many questions have been raised
regarding the visual inspection findings on working channels in real-world situations.
Studies related to such situations are too limited to provide sufficient information.

Research objectives
We aimed to investigate the type, severity, location, and clinical significance of visual
inspections inside patient-ready duodenoscopes.

Research methods

Visual inspection of channels was performed in 19 duodenoscopes. Inspections were
recorded and reviewed to evaluate for channel damage (scratches, buckling, and
stains), debris (dark-colored debris, light-colored debris, and other debris), and fluids
(clear fluid and opaque fluid). Visual inspection findings were used to analyze the
relevance of microbiological surveillance.

Research results

We found 72 abnormal visual inspection findings in the 19 duodenoscopes viewed in
our study, including scratches (1 = 10, 52.6%), buckling (n = 15, 78.9%), stains (n = 14,
73.7%), debris (n = 14, 73.7%), and fluids (n = 6, 31.6%). Duodenoscopes > 12 mo old
had a significantly higher number of abnormal visual inspection findings than those <
12 mo old (46 findings vs 26 findings, P < 0.001). Multivariable regression analyses
demonstrated that the bending section had a significantly higher risk of being
scratched, buckled, and stained, and accumulating debris than the insertion tube.
Debris and fluids showed a significant positive correlation with microbiological
contamination (P < 0.05).

Research conclusions

In patient-ready duodenoscopes, scratches, buckling, stains, debris, and fluids inside
the working channel are common. Presence of debris and fluids increases the
susceptibility to microbiological contamination. The presence of fluids was found to be
an independent factor for bacterial culture positivity. Visual channel inspection using
the SpyGlass visualization system may be added to the existing visual inspection
recommendations to identify suboptimal reprocessing or endoscopes requiring repair
or replacement.

Research perspectives
Endoscopists should routinely or intermittently visualize the working channel during
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working hours. Early detection of these abnormal visual inspection findings may
allow timely reporting to the manufacturers and promote prompt performance of
quality assurance interventions before the channel lumen becomes comprised, which
could impair manual cleaning.
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Abstract

BACKGROUND

Celiac disease (CD) is an immune-mediated enteropathy that is primarily treated
with a gluten-free diet (GFD). Mucosal healing is the main target of the therapy.
Currently, duodenal biopsy is the only way to evaluate mucosal healing, and non-
invasive markers are challenging. Persistent elevation of anti-tissue
transglutaminase antibodies (aTTG) is not an ideal predictor of persistent villous
atrophy (VA). Data regarding prediction of atrophy using anti-deamidated
gliadin peptide antibodies (aDGP) and abdominal ultrasonography are lacking.

AIM

To evaluate the ability of aTTG, aDGP, small bowel ultrasonography, and clinical
and laboratory parameters in predicting persistent VA determined using
histology.

METHODS
Patients with CD at least 1 year on a GFD and available follow-up duodenal
biopsy, levels of aTTG and aDGP, and underwent small bowel ultrasonography
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were included in this retrospective cohort study. We evaluated the sensitivity,
specificity, and positive and negative predictive values of alTG, aDGP, small
bowel ultrasonography, laboratory and clinical parameters to predict persistent
VA. A receiver operating characteristic (ROC) curve analysis of antibody levels
was used to calculate cut off values with the highest accuracy for atrophy
prediction.

RESULTS

Complete data were available for 82 patients who were followed up over a period
of four years (2014-2018). Among patients included in the analysis, women (67,
81.7%) were predominant and the mean age at diagnosis was 33.8 years. Follow-
up biopsy revealed persistent VA in 19 patients (23.2%). The sensitivity and
specificity of aTTG using the manufacturer’s diagnostic cutoff value to predict
atrophy was 50% and 85.7%, respectively, while the sensitivity and specificity of
aDGP (using the diagnostic cutoff value) was 77.8% and 75%, respectively.
Calculation of an optimal cutoff value using ROC analysis (13.4 U/mL for aTTG
IgA and 22.6 U/mL for aDGP IgA) increased the accuracy and reached 72.2%
[95% confidence interval (CI): 46.5-90.3] sensitivity and 90% (95%CI: 79.5-96.2)
specificity for aDGP IgA and 66.7% (95%CI: 41.0-86.7) sensitivity and 93.7%
(95%Cl: 84.5-98.2) specificity for aTTG IgA. The sensitivity and specificity of small
bowel ultrasonography was 64.7% and 73.5%, respectively. A combination of
serology with ultrasound imaging to predict persistent atrophy increased the
positive predictive value and specificity to 88.9% and 98% for aTTG IgA and to
90.0% and 97.8% for aDGP IgA. Laboratory and clinical parameters had poor
predictive values.

CONCLUSION

The sensitivity, specificity, and negative predictive value of aTTG and aDGP for
predicting persistent VA improved by calculating the best cutoff values. The
combination of serology and experienced bowel ultrasound examination may
achieve better accuracy for the detection of atrophy.

Key words: Celiac disease; Villous atrophy; Anti-tissue transglutaminase antibodies; Anti-
deamidated gliadin peptide antibodies; Abdominal ultrasound; Gluten-free diet

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: We attempted to determine whether indicators such as anti-tissue
transglutaminase antibodies (aTTG), anti-deamidated gliadin peptide antibodies (aDGP),
and abdominal ultrasonography could predict villous atrophy (VA). We studied patients
who were diagnosed with celiac disease and were on a gluten-free diet for at least one
year; they were followed up for a maximum of four years. We determined that aTTG and
aDGP were not optimal markers of persistent VA. However, we found that a combination
of serology and bowel ultrasound examination enabled detection of VA with better
accuracy.

Citation: Packova B, Kovalcikova P, Pavlovsky Z, Bartusek D, Prokesova J, Dolina J, Kroupa
R. Non-invasive prediction of persistent villous atrophy in celiac disease. World J
Gastroenterol 2020; 26(26): 3780-3791

URL: https://www.wjgnet.com/1007-9327/full/v26/i26/3780.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i26.3780

INTRODUCTION

Celiac disease (CD) is an immune-mediated enteropathy triggered by gluten in
genetically susceptible individuals. The only therapy for CD is a gluten-free diet
(GFD). Mucosal healing (Marsh 0 or 1 on follow-up biopsy) is the main endpoint of
this therapy; however, this goal has been achieved in approximately 60% of patients
after one year of GFD, especially in cases of CD diagnosed in adulthood!”. In contrast,
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some recent studies state that up to 81% of patients achieved mucosal healing, as seen
on long-term follow-upst.

Currently, duodenal biopsy is the only way to evaluate mucosal healing. There is no
reliable widely available non-invasive marker of persistent villous atrophy (VA),
which is one of the core pathological signs of CD. Many authors regard anti-tissue
transglutaminase antibodies (aTTG) as a poor predictor of persistent VAP, with a low
sensitivity 0.50 [95% confidence interval (CI): 0.41-0.60] and a relatively high level of
specificity 0.83 (95%CI: 0.79-0.87) for TTG IgA assay'l. However, there is not much
data on anti-deamidated gliadin peptide antibodies (aDGP). There is one study
evaluating aDGP as a reliable marker of persistent VAIl, while another study found
only 48% sensitivity and 91% specificity of aDGP IgA for predicting persistent VAU
Currently, to the best of our knowledge, there are no studies indicating the absolute
necessity of routine follow-up biopsy®”; however, many centers recommend its
implementation”'”! and itis considered as an important tool in the follow-up of
symptomatic patients with CD, based on the recommendations by the American
Gastroenterology Association!"!. A personalized approach with respect to risk factors
is essential. Together with factors such as the advanced age at diagnosis, the male sex,
and untreated CD, even asymptomatic persistent VA is considered to be a risk factor
for lymphoproliferative malignancy!” and possibly higher mortality rates!’. Other
parameters potentially related to VA may be available in the standard clinical care
process!“l. Besides counseling with a qualified dietitian, only few objective methods to
assess persistent gluten intake are available. There might be a clinical advantage in
using non-invasive methods for the detection of patients with high risks of VA,
independent of improvement in symptoms after at least 1 year on GFD. Abdominal
ultrasound is a widely available method, and several studies have reported specific
abnormalities on small bowel imaging that could be related to CDI'>'“l. Persistence of
these findings might indicate the absence of mucosal healing. Awareness of the risk
factors is essential for the selection of patients indicated for thorough follow-up.

Our aim was to evaluate the ability of non-invasive markers (aTTG, aDGP, small
bowel ultrasonography, and clinical and laboratory parameters) to predict persistent
VA determined using histology in patients with CD who had been on a GFD for at
least one year.

MATERIALS AND METHODS

Patient selection

The records of 190 patients with CD from 2014 to 2018 were available in the hospital
database at the Department of Gastroenterology and Internal Medicine, University
Hospital Brno.The initial diagnosis of CD was based on the presence of VA on an
intestinal biopsy, positivity of aTTG and/or aDGP, or the clinical effect of a GFD in
cases of seronegative CD. Adherence to a GFD was evaluated by an experienced
dietitian. Follow-up duodenal biopsy and ultrasound examination at least after 1 year
of GFD was proposed to all patients, independent of symptoms. Patients who had
agreed to undergo follow-up biopsy were selected for further evaluation. In our
retrospective cohort study, we included patients who had been on complete GFD for
at least one year and for whom data on follow-up duodenal biopsy and quantitative
evaluation of aTTG and/or aDGP using the enzyme-linked immunosorbent assay
(ELISA) method were available as well. Abdominal ultrasonography focused on bowel
imaging within 30 d from when duodenal biopsy was performed.

The patients included in the study were divided in two subgroups: (1) The study
group with patients with persistent VA on follow-up duodenal biopsy; and (2) Control
group with patients classified as Marsh 0 or Marsh 1 on follow-up duodenal biopsy.
All patients signed an informed consent regarding anonymous data collection, and the
study protocol was approved by the multicentric ethical committee of the University
Hospital Brno (No. 03-180919/ EK).

Duodenal sampling and assessment of histological findings

All the selected patients underwent esophagogastroscopy with biopsies from the
second part of the duodenum and one from duodenal bulb; at least four biopsy
specimens were fixed in 40 g/L formaldehyde. Paraffin-embedding blocks were
created for basic hematoxylin-eosin staining and special staining. The Marsh
classification modified by Oberhuber was used for microscopic evaluation!”. Mucosal
architecture (villus height, crypt depth), intraepithelial lymphocytes, inflammatory cell
infiltrate, and level of epithelial differentiation were evaluated. The pathologist was
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blinded to the clinical and antibody results.

Methods of serologic testing

Serum samples were collected within 30 d after duodenal biopsy. Sera were assayed
for aTTG IgA and IgG and aDGP IgA and IgG using ELISA. Cutoff values over 18
U/mL and 20 U/mL for aTTG and aDGP, respectively, were regarded as positive by
the kit manufacturer. Lab Kkits for analyses were provided by TestLine Clinical
Diagnostics Ltd., Brno, Czech Republic.

Ultrasonography evaluation

Ultrasonography examinations of the intestine within 30 d from duodenal biopsy were
available for 66 patients. The remainder of the patients underwent ultrasonography at
longer periods from duodenal biopsy; therefore, these results were excluded from the
analysis. Using a high-frequency linear probe, it was possible to evaluate the intestinal
wall, intestinal folds, surrounding mesentery, mesenteric lymph nodes, and other
characteristics. The main ultrasound findings in patients with active CD were
decreased numbers of jejunal folds, increased numbers of ileal folds and thickening of
bowel folds, dysmotility, jejunal dilatation, and intermittent intussusception!>'l,
Mostly non-enlarged mesenteric lymph nodes were detected. As a positive result,
persistent ultrasound abnormalities usually related to CD were assessed by an
experienced physician who was blinded to serology and biopsy results.

Clinical and laboratory parameters

Clinical symptoms typical of active CD, such as diarrhea, abdominal pain, and weight
loss, were reviewed. Laboratory signs of nutritional deficiency, such as anemia
(hemoglobin level less than 135 g/L in men and less than 120 g/L in women),
sideropenia (ferritin level less than 30 pg/Lin men and less than 13 pg/L in women),
and vitamin D deficiency (less than 50 nmol/L), were evaluated.

Statistical analysis

The mean, standard deviation, median, minimum, and maximum were used to
analyze quantitative parameters. Absolute and relative frequency were used to
analyze qualitative parameters. Sensitivity, specificity, and positive and negative
predictive value were calculated from frequency of VA and positivity ofaTTG and
aDGP and were reported with their 95%CI. To quantify antibody titers (aTTG IgA,
aTTG IgG, aDGP IgA, aDGP IgG) receiver operating characteristic analysis was used
to evaluate the best cutoff values with highest total sensitivity and specificity.
Sensitivity, specificity, and positive and negative predictive value were calculated for
these new cutoff values. The Mann-Whitney test or Fisher’s exact test were used for
comparison of aTTG and aDGP positive and negative patients as well as for
comparison of patients according to the persistence of VA. A P value < 0.05 was
considered statistically significant. SPSS software version 23.0 for Windows (SPSS Inc.,
Chicago, IL, United States) was used for the statistical analyses.

RESULTS

Eighty-two patients fulfilled the inclusion criteria and were further analyzed. In this
group, 67 (81.7%) patients were women and the mean age at diagnosis was 33.8 £17.4
years. Mean length of the disease at the time of follow-up biopsy was 9.1 years, and
mean age at follow-up biopsy was 42.1 + 13.4 years. Seventy patients (85.4%) were on a
GFD longer than 2 years. All patients had CD that was initially properly diagnosed,
with positive duodenal biopsy graded according tothe Marsh classification modified
by Oberhuber (2x Marsh 2, 17x Marsh 3a, 30x Marsh 3b, 33x Marsh 3c) and either
positivity of aTTG and/or aDGP (74x) or clinical effect of GFD in case of seronegative
CD (8x). No seronegative patient was in the persistent VA group, as other diagnoses
needed to be considered in such cases.

The most frequent clinical symptoms and laboratory signs of malnutrition at the
time of follow-up biopsy were diarrhea (23.2%), abdominal pain (20.7%), weight loss
(9.8%), sideropenia (26.8%), vitamin D deficiency (20.7%), and anemia (11.0%).
Autoantibodies for aTTG were positive (cutoff value 18 U/mL recommended by
manufacturer) in 18 cases (22.2%); those of aDGP were positive (cutoff value 20 U/mL
determined by laboratory) in 29 cases (37.2%) at the time of follow-up biopsy.
Ultrasonography was available in 66 patients with signs correlating with active CD
found in 24 (29.3%) cases (details in Table 1).
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Table 1 Summary of patient characteristics at the time of biopsy on gluten-free diet

All patients with celiac disease (n = 82)

Characteristic Category
n %
Gender Female 67 81.7
Male 15 183
Villous atrophy No 63 76.8
Yes 19 23.2
Marsh in follow-up biopsy Marsh 0 44 53.7
Marsh 1 19 232
Marsh 3a 10 12.2
Marsh 3b 4 49
Marsh 3¢ 5 6.1
Autoantibodies aTTG Negative 63 77.8
Positive 18 222
Unknown 1 12
Autoantibodies aDGP Negative 49 62.8
Positive 29 37.2
Unknown 4 49
Diarrhea No 62 75.6
Yes 19 232
Unknown 1 12
Weight loss No 73 89.0
Yes 8 9.8
Unknown 1 12
Abdominal pain No 64 78.0
Yes 17 20.7
Unknown 1 1.2
Anemia No 71 86.6
Yes 9 11.0
Unknown 2 24
Sideropenia No 58 70.7
Yes 22 26.8
Unknown 2 24
Vitamin D deficiency No 63 76.8
Yes 17 20.7
Unknown 2 2.4
Ultrasonography Negative 42 51.2
Positive 24 29.3
Unknown 16 19.5

aTTG: Anti-tissue transglutaminase antibodies; aDGP: Anti-deamidated gliadin peptide antibodies.

Data of 19 patients (23.2%) with persistent VA (10x Marsh 3a, 4x Marsh 3b, 5x
Marsh 3c) were compared with data of 63 patients (76.8%) with either Marsh 0 (44x) or
Marsh 1 (19x) classification on the follow-up duodenal biopsy. These two groups did
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not differ with respect to age at diagnosis, sex, or length of GFD at follow-up biopsy
(details in Table 2).

In patients with persistent VA aTTG IgA was positive in nine cases; IgG was
positive in one case (nine cases in any aTTG); aDGP IgA was positive in 13 cases; and
aDGP IgG was positive in 11 cases (14 cases in any aDGP). In this study group,
abdominal ultrasonography was available in 17 cases, and signs of active CD were
found in 11 of these. Eight patients had diarrhea, four had weight loss, three had
abdominal pain, on had anemia, four had sideropenia, and eight had vitamin D
deficiency (Table 3). Only diarrhea and vitamin D deficiency were significantly more
common in patients with persistent VA than in patients with mucosal recovery.

The sensitivity, specificity, and positive and negative predictive value of aTTG IgA
positivity for prediction of VA were 50%, 96.8%, 81.8%, and 87.1%, respectively. The
sensitivity, specificity, and positive and negative predictive value of aDGP IgA
positivity for prediction of VA were 72.2%, 81.7%, 54.2%, and 90.7%, respectively
(Table 4). In analysis of antibody titers, we calculated the cutoff values with highest
total sensitivity and specificity. The calculated cutoff values were 13.4 U/mL and 6.7
U/mL for aTTG IgA and IgG, respectively, and 22.6 U/mL and 28.8 U/mL for aDGP
IgA and IgG, respectively. For these cutoff values, we reached sensitivity and
specificity of 66.7% (95%Cl: 41.0-86.7) and 93.7% (95%Cl: 84.5-98.2) for aTTG IgA and
72.2% (95%ClI: 46.5-90.3) and 90.0% (95%CI: 79.5-96.2) for aDGP IgA, respectively
(details in Table 5). Recalculation of the optimal cutoff values showed the best negative
predictive value for aDGP IgA 91.5% (95%CI: 83.6-95.8).

The sensitivity, specificity, and the positive and negative predictive value of
ultrasonography for prediction of persistent VA were 64.7%, 73.5%, 45.8%, and 85.7%,
respectively. The positive predictive value of diarrhea, abdominal pain, sideropenia, or
anemia for VA was low (Table 6). The combination of recalculated cutoff values for
aTTG IgA and aDGP IgA with small bowel ultrasonography increased the specificity
and positive predictive value for VA prediction. Ultrasonography combined with
aTTG IgA reached 98% (95%CI: 89.2-99.9) specificity and 88.9% (95%CI: 51.9-98.3)
positive predictive value, with aDGP IgA 97.8% (95%CI: 88.5-99.9) specificity and
90.0% (95%ClI: 55.2-98.5) positive predictive value. Negative predictive value was
slightly decreased, 84.2% (95%CI: 77.3-89.3) and 84.9% (95%CI: 77.2-90.3) for small
bowel ultrasonography combined with aTTG IgA and aDGP IgA respectively
(Table 5).

DISCUSSION

In our study, we searched for non-invasive markers of persistent VA in patients with
CD who claimed to adhere to GFD. Persistent VA is one of the risk factors for
lymphoproliferative malignancy!? and possibly higher mortality rates!"’, irrespective
of the cause of VA. Identification of patients at higher risk of persistent VA could lead
to more personalized approaches and closer follow-ups, including repeated evaluation
of adherence to GFD, and thorough searches for nutritional deficiencies and
complications of CD. Potential benefits of a repeated biopsy are broadly discussed®.
Any non-invasive method that can facilitate creating indications for repeated biopsy or
facilitate discharge of patients that tested negative from specific gastroenterological
care would be helpful. Serology and ultrasonography are considered non-sensitive
markers of persistent VA. In our study, we demonstrated 50% sensitivity and 85.7%
specificity for aTTG and 77.8% sensitivity and 75% specificity for aDGP. There are
conflicting results regarding this topic in the literature. A recent metanalysis
demonstrated a sensitivity of 50% for aTTG IgA and a sensitivity of only 45% (95%CI:
34-57) for anti-endomysium antibodies”. Nevertheless, it is essential to stress that
these tests be designed for detection of new cases of CD, for which purpose their cutoff
values were determined. Even after determining the new cutoff values, the sensitivity
of autoantibodies for prediction of VA improved slightly to 66.7% for aTTG IgA and
72.2% for aDGP IgA; however, we were able to reach high specificity and negative
predictive values of 93.7% and 90.8%, respectively, for aTTG IgA, and 90% and 91.5%,
respectively, for aDGP IgA. The recalculated cutoff value for TTG IgA in our study is
about one-third lower than the standard diagnostic cutoff value. Not only the negative
result of test but also the numeric value of antibodies might be important for test
accuracy and clinical consequences. Patients with lower levels do not need to undergo
follow-up duodenal biopsy to evaluate persistent VA. A similar study was performed
for aTTG IgA in a larger group by Fang et al™, who found significant differences in
mucosal healing between undetectable and detectable aTTG IgA; however, owing to
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Table 2 Comparison of characteristics according to persistence of villous atrophy

Characteristics Category No villous atrophy (n = 63) Villous atrophy (n = 19)
n (%) n (%) Pvalue
Gender Female 52 (82.5) 15 (78.9) 0.741
Male 11 (17.5) 4(21.1)
Follow-up biopsy Less than 2 years 10 (15.9) 1(5.3) 0.147
Two years and more 53 (84.1) 17 (89.5)
Unknown 0(0.0) 1(5.3)
Mean (SD) Mean (SD) P value
Length of disease at follow-up biopsy (yr) 7.9 (8.2) 13.1 (13.4) 0.092
Age at follow-up biopsy (yr) 32.3 (14.6) 38.7 (24.4) 0.231

SD: Standard deviation.

Jaishideng®

limitations of the serology kit,they were unable to determine an ideal cutoff limit.
Intermittent gluten exposure may explain the false negative serology tests even in the
presence of incomplete mucosal recovery and non-optimal sensitivity of aTTG IgA.

The use of aDGP appears to be a better method than the use of aTTG IgA for
detection of persistent VA, particularly in the use of both IgA and IgG antibodies. A
combination of aDGP tests led to a sensitivity of 77.8% and a negative predictive value
of 91.8%. One study found 87% sensitivity and 89% specificity of aDGP IgG for
prediction of nonresponsive CDI", while another study found only 48% sensitivity but
91% specificity of aDGP IgA for prediction of persistent VA The wide use of aDGP
in future studies may contribute to a more precise role of it in detection of VA despite
GFD. Although one study referred to a poor outcome of aDGP IgA in detection of
absence of mucosal healing in children”, other studies obtained different, more
positive results®?l. A commercially available point-of-care test for both DGP
antibodies was referred to as an alternative to classical serology testing with better
sensitivity for CD follow-up in one prospective study!*.

The strengths of our study include a complex analysis of many non-invasive
parameters for detection of persistent VA in patients with CD on a long-term GFD
combining serology tests, clinical parameters, and bowel ultrasound. Many radiologic
studies regarding CD are limited to some specific findings on cross-sectional
imaging. The role of bowel ultrasound is firmly established in the diagnosis and
management of Crohn’s disease”l. Experience with bowel ultrasound in CD is rather
limited; however, its use is expanding and signs corresponding with malabsorption
and active CD are well defined'**l. This examination is routinely used during
follow-up of CD patients in our hospital. With easier access to ultrasound examination
and increasing experience in many institutions in recent years, it may be challenging to
use it for the follow-up of patients with CD in the future. Particularly in patients with
positive aTTG IgA or aDGP IgA, ultrasound abnormalities should indicate the need
for endoscopic biopsy of duodenal mucosa despite the absence of clinical symptoms.

The limitations of our study are its retrospective design and a relatively small
number of patients in the study group. Because the study group was small, we could
not subdivide the patients with simple VA and patients with refractory CD. This could
have an impact on the results because most patients have negative CD-specific
antibodies at the time of refractory CD diagnosis. However positive CD-specific
serology can be present in 19%-30% of patients with refractory CD and does not
exclude the diagnosis™!. Another limitation is an inability to evaluate adherence to a
GFD using any objective method. It is well known that negative serology is not a
reliable marker of adherence to a GFD™1. Consultation with a skilled dietitian is
regarded as the gold standard for monitoring adherence to a GFD™!. The positivity of
gliadin-33-mer or gluten immunogenic peptides in stool are good markers of ongoing
gluten consumption”;; however, it is not widely available and is able to evaluate
only consumption of gluten in the last few days prior to the examination. Any
objective method for long-term GFD evaluation could theoretically improve the result
of all studies on this topic and patient management!™'l.

Relatively higher prevalence of any symptom despite adherence to GFD may be
caused by some overlap of CD and functional disorders in patients consenting with
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Table 3 Comparison of autoantibodies” positivity, ultrasonography, laboratory and clinical markers in patients with and without villous

atrophy, in groups with available parameters

Villous atrophy

Characteristics Categories
Yes (%) No (%) Pvalue

Autoantibodies aTTG (n = 81) Positive 9 (50) 9 (14.3) 0.003"
Negative 9 (50) 54 (85.7)
Total 18 (100) 63 (100)

Autoantibodies aDGP (1 = 78) Positive 14 (77.8) 15 (25) <0.001°
Negative 4(222) 45 (75)
Total 18 (100) 60 (100)

Autoantibodies aTTG IgA (n = 81) Positive 9 (50) 2(3.2) <0.001"
Negative 9 (50) 61 (96.8)
Total 18 (100) 63 (100)

Autoantibodies aTTG IgG (1 = 81) Positive 1(5.6) 7 (11.1) 0.677
Negative 17 (94.4) 56 (88.9)
Total 18 (100) 63 (100)

Autoantibodies aDGP IgA (n = 78) Positive 13 (72.2) 11 (18.3) <0.001°
Negative 5(27.8) 49 (81.7)
Total 18 (100) 60 (100)

Autoantibodies aDGP IgG (n = 78) Positive 11 (61.1) 9 (15) <0.001°
Negative 7 (38.9) 51 (85)
Total 18 (100) 60 (100)

Ultrasonography (1 = 66) Positive 11 (64.7) 13 (26.5) 0.008"
Negative 6 (35.3) 36 (73.5)
Total 17 (100) 49 (100)

Diarrhea (1 = 81) Yes 8 (44.4) 11 (17.5) 0.027¢
No 10 (55.6) 52 (82.5)
Total 18 (100) 63 (100)
Yes 4(22.2) 4 (6.4) 0.068

Weight loss (1 = 81) No 14 (77.8) 59 (93.6)
Total 18 (100) 63 (100)

Abdominal pain (1 = 81) Yes 3 (16.7) 14 (22.2) 0.751
No 15 (83.3) 49 (77.8)
Total 18 (100) 63 (100)

Anemia (n = 80) Positive 1(5.6) 8 (12.9) 0.676
Negative 17 (94.4) 54 (87.1)
Total 18 (100) 62 (100)

Sideropenia (1 = 80) Positive 4(22.2) 18 (29) 0.766
Negative 14 (77.8) 44 (71)
Total 18 (100) 62 (100)

Vitamin D deficiency (n = 80) Positive 8 (44.4) 9 (14.5) 0.018"
Negative 10 (55.6) 53 (85.5)
Total 18 (100) 62 (100)
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P <0.05.
PP <0.01. aTTG: Anti-tissue transglutaminase antibodies; aDGP: Anti-deamidated gliadin peptide antibodies.

Table 4 Sensitivity, specificity, positive and negative predictive value of anti-tissue transglutaminase antibodies and anti-deamidated
gliadin peptide antibodies autoantibodies (with standard cutoff values according to laboratory references 18 U/mL for anti-tissue

transglutaminase antibodies and 20 U/mL for anti-deamidated gliadin peptide antibodies) for prediction of villous atrophy in patients
with celiac disease

Characteristics Sensitivity (%) Specificity (%) Accuracy (%) Positive predictive Negative predictive
(95%Cl) (95%Cl) (95%Cl) value (%) (95%Cl) value (%) (95%Cl)
Autoantibodies aTTG 50.0 (26.0-74.0) 85.7 (74.6-93.3) 77.8 (67.2-86.3) 50.0 (31.8-68.2) 85.7 (78.9-90.6)
Autoantibodies aDGP 77.8 (52.4-93.6) 75.0 (62.1-85.3) 75.6 (64.6-84.7) 483 (36.1-60.7) 91.8 (82.4-96.4)
Autoantibodies aTTG IgA  50.0 (26.0-74.0) 96.8 (89.0-99.6) 86.4 (77.0-93.0) 81.8 (51.6-95.0) 87.1 (81.0-91.5)
Autoantibodies aTTG IgG 5.6 (0.1-27.3) 88.9 (78.4-95.4) 70.4 (59.2-80.0) 12.5 (1.8-52.1) 76.7 (74.1-79.2)
Autoantibodies aDGP IgA  72.2 (46.5-90.3) 81.7 (69.6-90.5) 79.5 (68.8-87.8) 54.2 (39.2-68.4) 90.7 (82.2-95.4)
Autoantibodies aDGP IgG ~ 61.1 (35.8-82.7) 85.0 (73.4-92.9) 79.5 (68.8-87.8) 55.0 (37.6-71.2) 87.9 (80.2-92.9)

aTTG: Anti-tissue transglutaminase antibodies; aDGP: Anti-deamidated gliadin peptide antibodies; CI: Confidence interval.

Table 5 Sensitivity, specificity, positive and negative predictive value of recalculated cutoff values of anti-tissue transglutaminase

antibodies and anti-deamidated gliadin peptide antibodies autoantibodies titers and their combination with small bowel
ultrasonography for prediction of villous atrophy in patients with celiac disease

Sensitivity (%) Specificity (%) Accuracy (%) Positive predictive ~ Negative predictive

Characteristics

(95%ClI) (95%Cl) (95%Cl) value (%) (95%Cl)  value (%) (95%Cl)
Autoantibodies aTTG IgA (cutoff: 66.7 (41.0-86.7) 93.7 (84.5-98.2) 87.7 (78.5-93.9) 75.0 (52.4-89.1) 90.8 (83.6-95.0)
13.4)
Autoantibodies aTTG IgG (cutoff: 33.3 (13.3-59.0) 87.3 (76.5-94.4) 75.3 (64.5-84.2) 42.9 (23.0-65.3) 82.1 (76.5-86.6)
6.7)
Autoantibodies aDGP IgA 72.2 (46.5-90.3) 90.0 (79.5-96.2) 85.9 (76.2-92.7) 68.4 (49.1-83.0) 91.5 (83.6-95.8)
(cutoff: 22.6)
Autoantibodies aDGP IgG 61.1 (35.8-82.7) 90.0 (79.5-96.2) 83.3 (73.2-90.8) 64.7 (44.1-81.0) 88.5 (81.1-93.3)
(cutoff: 28.8)
Autoantibodies aTTG IgA (cutoff 47.1 (23.0-72.2) 98.0 (89.2-99.9) 84.9 (73.9-92.5) 88.9 (51.9-98.3) 84.2 (77.3-89.3)
13.4) AND ultrasonography
Autoantibodies aDGP IgA (cutoff 52.9 (27.8-77.0) 97.8 (88.5-99.9) 85.7 (74.6-93.3) 90.0 (55.2-98.5) 84.9 (77.2-90.3)

22.6) AND ultrasonography

aTTG: Anti-tissue transglutaminase antibodies; aDGP: Anti-deamidated gliadin peptide antibodies; CI: Confidence interval.

invasive examination. Nevertheless, either symptom related to CD may stimulate the
patient to undergo uncomfortable endoscopy. We cannot assess asymptomatic
patients’ refusals of follow-up endoscopy owing to their well-being. This situation in a
retrospective study represents real-life medicine.

Most patients in our study were known to have avoided gluten consumption for
more than 2 years; therefore, inter-individual differential mucosal recovery likely
plays no role in our results. In patients with VA, some symptoms and signs of
malabsorption are more common; nevertheless, the predictive role of diarrhea and
vitamin D deficiency for the diagnosis of atrophy was poor. In symptomatic patients
on GFD, a re-biopsy should be considered!"l.

In our study, we did not show that serologic tests of aTTG and aDGP with standard
diagnostic cutoff values were optimal markers of persistent VA. Nevertheless,
calculation of the best cutoff values of aTTG and aDGP IgA for prediction of VA
improved the sensitivity, specificity, and negative predictive value. The combination
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Table 6 Sensitivity, specificity, positive and negative predictive value of bowel ultrasonography, clinical and laboratory markers for

prediction of villous atrophy in patients with celiac disease

Characteristics Sensitivity (%) Specificity (%) Accuracy (%) Positive predictive value  Negative predictive value
(95%Cl) (95%Cl) (95%Cl) (%) (95%Cl) (%) (95%Cl)
Ultrasonography 64.7 (38.3-85.8) 73.5 (58.9-85.1) 71.2 (58.8-81.7) 45.8 (32.1-60.3) 85.7 (75.5-92.1)
Diarrhea 44.4 (21.5-69.2) 82.5 (70.9-91.0) 74.1 (63.1-83.2) 42.1 (25.7-60.5) 83.9 (77.2-88.9)
Weight loss 22.2 (6.4-47.6) 93.7 (84.5-98.2) 77.8 (67.2-86.3) 50.0 (21.7-78.3) 80.8 (76.6-84.5)
Abdominal pain 16.7 (3.6-41.4) 77.8 (65.5-87.3) 64.2 (52.8-74.6) 17.7 (6.5-39.9) 76.6 (71.9-80.7)
Anemia 5.6 (0.1-27.3) 87.1 (76.2-94.3) 68.8 (57.4-78.7) 11.1 (1.6-48.3) 76.1 (73.3-78.6)
Sideropenia 22.2 (6.4-47.6) 71.0 (58.1-81.8) 60.0 (48.4-70.8) 18.2 (7.9-36.4) 75.9 (70.1-80.8)
Vitamin D deficiency ~44.4 (21.5-69.2) 85.5 (74.2-93.1) 76.3 (65.4-85.1) 47.1 (28.7-66.3) 84.1 (77.6-89.0)

CI: Confidence interval.

JBaishideng®

of serology and expert bowel ultrasound examination may achieve better accuracy for
the detection of atrophy. Signs of persistent VA should be considered after 1-2 years of
GFD. Asymptomatic patients with lower levels of both aDGP IgA and IgG do not need
to undergo follow-up duodenal biopsy to determine the presence of persistent VA.

ARTICLE HIGHLIGHTS

Research background

Currently, duodenal biopsy is the only way to evaluate mucosal healing in celiac
disease (CD). There is no reliable widely available non-invasive marker of persistent
villous atrophy (VA), which is one of the core pathological signs of active CD.

Research motivation

There is ongoing attempt to search for non-invasive markers for mucosal healing in
CD, as persistent VA is one of the risk factors for malignant complications and
possibly higher mortality rates in CD.

Research objectives

Closer analysis of currently available non-invasive CD relevant markers, such as the
exact value of anti-tissue transglutaminase antibodies (aTTG), anti-deamidated gliadin
peptide antibodies (aDGP), or combination with ultrasonographic signs of active CD
could help in prediction of persistent VA.

Research methods

We analyzed data from the database of patients with CD followed-up at the
Department of Gastroenterology and Internal Medicine, University Hospital Brno
from 2014 to 2018. The symptoms, laboratory signs, exact values of aTTG, aDGP,
ultrasonographic signs of active CD were correlated to persistent VA.

Research results

Calculation of new cut-off values of aTTG and aDGP IgA improved the sensitivity,
specificity, and negative predictive value for VA. The combination with expert bowel
ultrasound examination achieved even better accuracy.

Research conclusions
We found out that a combination of currently available non-invasive CD relevant
markers could help in prediction of persistent VA.

Research perspectives

This could lead to more personalized approaches and closer follow-ups of CD patients,
including repeated evaluation of adherence to GFD, thorough searches for nutritional
deficiencies and possibly also follow-up duodenal biopsy and search for complications
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of CD.
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Abstract

BACKGROUND

Blastocystis hominis (B. hominis) and Dientamoeba fragilis (D. fragilis) are two
protozoan parasites of human bowel that are found throughout the world. There
is still debate about the pathogenicity of these protozoans, despite them being
commonly associated with gastrointestinal symptoms and can cause health issue
in both children and adults. These parasites are usually transmitted through
faecal-oral contact particularly under poor hygiene conditions or food/water
contamination. Once a person is infected, the parasites live in the large intestine
and are passed in the faeces.

AIM
To investigate the effect of triple antibiotic therapy using enema infusion in the
treatment of B. hominis and D. fragilis infections.

METHODS

This retrospective longitudinal study was conducted in a single medical centre,
which included fifty-four patients (> 18 years) who were positive for D. fragilis, B.
hominis or both between 2017 and 2018. The treatment consisted of triple
antibiotics that were infused over two consecutive days through rectal enema.
Faecal samples were collected from participants pre- and post-treatment and were
tested for parasites using microscopy and polymerase chain reaction. Patients’
symptoms were recorded prior and after the treatment as well as patient
demographic data.

RESULTS

Patients (1 = 54), were either positive for B. hominis (37%), D. fragilis (35%) or both
(28%). All patients completed the two-day treatment and no serious adverse effect
was reported. The most common side effect experienced by the patients during
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the treatment was urine discolouration which was cleared by six weeks of follow-
up. Common symptoms reported prior to treatment were diarrhoea, abdominal
pain, constipation and fatigue. Other symptoms included abdominal discomfort,
dizziness and blood in the stool. Eighty-nine percent of patients completed a final
stool test post-treatment. At six weeks post-treatment, 79% of patients cleared the
parasites from their faeces. Symptoms such as abdominal discomfort, dizziness
and blood in the stool decreased significantly at both seven days and six weeks
post-treatment (P < 0.040). The enema retention time, bowel preparation, previous
antibiotic treatment or previous gastrointestinal problems had no significant effect
on parasite eradication.

CONCLUSION

Overall, eradication of parasites and improvement of clinical outcomes were
observed in treated patients, showing the efficacy of this combination to eradicate
the parasites and provide positive clinical outcome.

Key words: Blastocystis hominis; Dientamoeba fragilis; Parasitic infection; Antibiotics;
Triple therapy; Rectal enema route

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Intestinal parasitic infections caused by Blastocystis hominis (B. hominis) and
Dientamoeba fragilis (D. fragilis) have the ability to cause illness. This study investigated
the effect of a triple antibiotic therapy using 2-d enema infusion for treatment of patients
who were positive to B. hominis, D. fragilis or both. A significant reduction in major
symptoms as well as parasite eradication were observed post-treatment. Larger clinical
trials should further investigate improvements of such therapy using larger volume enemas
and alternative delivery routes.

Citation: Roshan N, Clancy A, Gunaratne AW, LeBusque A, Pilarinos D, Borody TJ. Two-day
enema antibiotic therapy for parasite eradication and resolution of symptoms. World J
Gastroenterol 2020; 26(26): 3792-3799

URL: https://www.wjgnet.com/1007-9327/full/v26/i26/3792.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i26.3792

INTRODUCTION

The two anaerobic protozoa, Blastocystis hominis (B. hominis) and Dientamoeba fragilis (
D. fragilis) are described as “neglected parasites”, which are found in the intestinal
tract of humans!'l. Intestinal protozoan infections are a global problem in both
developed and developing countries and can cause considerable morbidity especially
in children!. In many low-income countries, poverty and poor sanitation are the main
causal factors for transmission. Both parasites are generally transmitted through
faecal-oral contact or water/food contamination and are often detected in the stool of
patients with gastrointestinal problems””. These symptoms are comparable with those
experienced with irritable bowel syndrome (IBS) and inflammatory bowel disease
(IBD). As such, a possible link between these infections, IBD and IBS has been
suggestedl’l. Thus, the eradication of these parasitic infections may be necessary when
they are the only infectious agents detected in symptomatic patients.

Blastocystis species (spp) are unicellular enteric parasites present in most species of
animals and have extensive genetic diversity. B. hominis is the only member of
Stramenopiles that infects humans and exists in four different forms; cyst, ameboid,
granular and vacuolar!’. Blastocystis spp have a global distribution. Its prevalence in
humans, in developing countries is estimated to be around 76%-100% compared to 5%
in developed countriesF. Symptoms associated with Blastocystis infection include
abdominal pain, diarrhoea, nausea, bloating and fatiguel’.

The other protozoan, D. fragilis, was described for the first time by Jepps and Dobell
in England in 1918". It was initially misclassified as an amoeba, and was later re-
classified as a unicellular flagellate despite lacking a flagellum. The global
distribution of D. fragilis is reported to range between 0.4% to 71%, with developed
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countries showing a higher prevalence. D. fragilis has been associated with symptoms
such as abdominal pain, diarrhoea and loose stools*l.

Although, these parasites have a well-documented pathogenic potential, there is
still debate on whether these infections should be treated and there are few studies
that have investigated the treatment options for these infections. In addition, these
parasites are relatively difficult to eradicate and there are often side effects associated
with oral antibiotic therapy.

Metronidazole as an oral antiprotozoal antibiotic was first developed in 1962 and
was originally used for management of trichomoniasis!”.. Some studies have reported
the success of metronidazole in the treatment of D. fragilis and B. hominis infections!",
while others showed treatment failure!"l. In a study investigating the treatment of D.
fragilis with metronidazole or tetracycline, a microbiological response was observed in
60% of patients and relief of symptoms was shown in only 30% of patients treated with
metronidazole, while tetracycline had no effect’. These findings suggested that a
substantial number of patients were insufficiently treated with metronidazole and
more efficient drugs were needed for treating this infection. Some studies combined
several anti-parasite medications to achieve higher efficacy!'>"l.

Other studies have combined anti-parasitic antibiotics to be used intra-luminally for
treating resistant parasitic infections. Triple antibiotic therapy using nitazoxanide,
secnidazole and furazolidone through colonic infusion may be an effective method for
eradicating D. fragilis and B. hominis infections for those who fail oral antibiotic
therapy!l. Nitazoxanide was first described as a human cestocidal drug in 1984,
Clinical trials have demonstrated relief of metronidazole-resistant parasite diarrhoea
following treatment with nitazoxanide. Adverse effects associated with nitazoxanide
are uncommon and the incidence is reported to be lower than metronidazole!*"\. The
other antibiotic that has been considered for the treatment of these parasites is
secnidazole, which has a longer half-life compared to metronidazole. It has been used
for treatment of trichomoniasis, giardiasis and amoebiasis, with a cure rate of 80%-
100%. Mild nausea is one of the side effects reported in a few patients. Another
antibiotic with a broader antibacterial and antiprotozoal activity is furazolidone, which
is a synthetic nitrofuran derivativel’. It has shown activity particularly against
Entamoeba histolytica and Giardia lamblia and is suggested as an alternative drug in the
case of treatment failure with first line agents. There has not been any studies
assessing the efficacy of furazolidone specifically in the treatment of D. fragilis or B.
hominis infections!’.. Our study aimed to investigate the effect of combined antibiotics
administered via enema infusion to eradicate D. fragilis and B. hominis and improve
symptoms.

MATERIALS AND METHODS

This retrospective, single centre longitudinal study was conducted between January
2017 and December 2018. Patients 18 years or older, who were positive for D. fragilis,
B. hominis or both were invited to participate in this study. The treatment consisted of
triple antibiotics (furazolidone 0.9 g, nitazoxanide 3 g and secnidazole 3.6 g) infused
over two consecutive days through rectal enema. The antibiotic enema was
administered via enema bag (gravity fed) containing the medication diluted in 300 ml
of normal saline and delivered via rectum into the bowel. In the case of allergy, the
culprit drug was replaced by paromomycin 4.5 g or diloxanide furoate 4.5 g. Faecal
specimens were collected from study participants at baseline and six weeks after
completion of treatment. Stool microscopy and polymerase chain reaction were used
for parasite detection. Symptoms were recorded by the patients on a standard
questionnaire prior to treatment and subsequently at three days, seven days and six
weeks after the treatment. Patient demographic data (age, gender, previous treatment,
concomitant medications and relevant medical history) were also collected to identify
any confounding variables within the study population.

Statistical analysis was conducted using GraphPad Prism v.8 (La Jolla, CA, United
States) software. Statistical differences between three or more sets of data were
analysed using one-way analysis of variance and nonparametric technique, followed
by Tukey’s multiple comparison post-test if the P value was significant. Wilcoxon
matched-pairs signed rank test was used to compare the differences between two sets
of data. The association between categorical variables were determined using Chi-
square and Fisher’s exact test. P values of < 0.05 were considered significant. The
study was approved by the institutions Ethics Committee (CDD19/C02).
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RESULTS

Fifty-four (16 males) patients with an age range of 21-81 years (median age 49 years)
participated in the study and all the patients completed the treatment. Twenty-three
patients had received prior antibiotic therapy (including diloxanide furoate,
metronidazole, trimethoprim/sulfamethoxazole (bactrim), secnidazole, tinidazole,
furazolidone, doxycycline, paromomycin and nitazoxanide) and 18 patients had
history of gastrointestinal symptoms (Table 1). Of the 54 patients, 37% were positive to
B. hominis, 35% to D. fragilis and 28% to both. Only one patient was asymptomatic
prior to the treatment; 83% of the patients had five or more of the symptoms listed in
Table 1. The most common symptoms were diarrhoea, constipation, abdominal pain
and fatigue. All patients completed the two days of antibiotic enema infusions
administered in a volume of 300 mL. The median retention time for the enema among
the patients was 3 h (ranging from 0.5 h to 12 h) and 39% of the patients had bowel
preparation prior to the treatment. No serious adverse event was reported. The most
common side effect experienced by the patients undergoing the treatment was urine
discolouration, which cleared by six weeks of follow-up. Out of 54 patients, 48
completed a final stool test for investigation of parasite eradication at six weeks post-
treatment. Overall 79% of patients cleared the parasites from their faeces at six weeks
(Table 2).

There was a significant reduction in abdominal discomfort, dizziness and blood in
the stool at both seven days and six weeks post-treatment (P < 0.040) (Figure 1).
Symptoms such as diarrhoea, constipation, bloating, flatulence, nausea, vomiting, anal
itching, muscular weakness, itchy skin and skin rash showed significant improvement
at six weeks post-treatment (P < 0.040). A significant improvement in patients” mood
was shown at all time-points, three days, seven days and six weeks post-treatment (P <
0.001). There was no significant association between the enema retention time, bowel
preparation, previous antibiotic treatment or previous gastrointestinal problems and
eradication of parasites.

In this study, successful eradication of B. hominis and D. fragilis infections occurred
in 79% of patients at six weeks post-treatment with 2-d enema infusion using triple
antibiotic therapy. An improvement in major clinical symptoms, diarrhoea and
abdominal pain was also observed six weeks after the treatment. To our knowledge,
this is the first study to investigate the efficacy of three novel antibiotics through a
different route of delivery - enema infusion - in patients seeking treatment for B.
hominis and D. fragilis infections.

B. hominis and D. fragilis have a worldwide distribution and are more commonly
found than both G. lamblia and Cryptosporidium sppl’l. Exploring combinations of
antibiotics and alternative methods of delivery is important to improve the clearance
rate of B. hominis and D. fragilis infections and to eradicate the resistant strains.
Therefore, this study examined the effect of a new combination of drugs infused via
enema in a small group of patients seeking treatment for parasite infection. This
showed a successful eradication of parasites and improvement of clinical outcomes.
Although, treatment did not work for approximately 20% of patients, it still showed a
higher achievement compared to monotherapy with conventional drugs such as
metronidazole. The success and tolerability of this therapy may be due to the delivery
of a high concentration of drugs to the colon where B. hominis and D. fragilis usually
reside, with insignificant systemic absorption. Using an enema as the mode of delivery
may be beneficial by bypassing the systemic absorption seen in oral dosing and hence,
minimising the side effects.

Previously, a small number of studies have reported the effect of different antibiotic
treatments in treating these parasitic infections. In a placebo-controlled trial, the
efficacy of metronidazole in inducing remission and eradicating the parasites was
investigated!®l. The study showed a higher eradication rate, one month following the
treatment. However, the six months follow-up showed a high rate of recrudescence in
patients treated with metronidazole. Therefore, it was concluded that metronidazole
may be ineffective in achieving complete eradication of B. hominis, mainly due to drug
resistancel’. Another longitudinal, prospective case study on 11 symptomatic patients
positive for Blastocystis showed that metronidazole failed to cure any of the patients!'”].
Resistance to metronidazole was first reported in 1991, which brought doubt about its
value as a first line treatment!""l. Metronidazole might be an effective treatment for
certain patients, but does not necessarily provide complete eradication in patients with
severe infection!"”l. The variation in treatment response can be due to existence of
resistance subtypes of parasitel”), which question the use of metronidazole as the single
and first line of therapy.

In another longitudinal, prospective case study, 10 patients with diarrhoea-
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Table 1 Baseline demographic data of participants

Gender (n)

Age mean (range), yr

Bowel preparation (1)

Parasite present (1)

Prior antibiotic treatment for parasite eradication (1)
History of gastrointestinal problems (1)
Symptoms 1)

Diarrhoea (36)

Constipation (27)

Bloating (39)

Flatulence (37)

Trapped wind/ gurgling (14)

Loss of appetite (18)

Dizziness/light headed (26)

Headaches (22)

Female (38), male (16)

49 (21-81)

Yes (21), no (33)

BH only (20), DF only (19), both (15)
23

18

Fatigue (38)

Lethargy (12)

Malaise (15)

Blood in the stool (10)
Low mood (22)
Anxiety (13)
Reflux/heartburn (15)

Muscular weakness (22)

Nausea (21) Itchy skin (15)

Vomiting (7) Skin rash (7)

Anal itching (21) Discoloured urine (11)

Metallic taste (14) Abdominal discomfort/pain (38)

Photo-sensitivity (9)

BH: Blastocystis hominis; DF: Dientamoeba fragilis.

Table 2 Parasite eradication, n (%)

Parasite
BH only DFonly Both Total
Number of patients 20 19 15 54
Number tested at 6 wk 19 16 13 48
Number cleared at 6 wk 14 (29) 13 (27) 11 (23) 38 (79)

BH: Blastocystis hominis; DF: Dientamoeba fragilis.

predominant IBS who were positive to B. hominis were treated with oral triple
antibiotic therapy including diloxanide furoate, trimethoprim/sulfamethoxazole and
secnidazole!!l. The parasite was eradicated in 60% of patients with IBS, which showed
an improvement over conventional monotherapy such has metronidazole!'"l. Similarly,
in a retrospective cohort study from the Netherlands, 93 symptomatic patients were
treated with paromomycin, along with other antibiotics such as, clioquinol and
metronidazole!'”. Paromomycin showed a higher eradication rate of 98% compared to
clioquinol (83%) and metronidazole (57%)!". While a number of antibiotics have
shown to be effective in treating either B. hominis or D. fragilis infection and are
recommended as therapeutic options, these recommendations are mainly based on a
small number of non-randomised studies'!. Moreover, there is little in vitro
susceptibility data for these parasites. Further, prospective randomised studies are
required to better understand the effectiveness of antibiotic combinations and modes
of administration in B. hominis or D. fragilis infection eradication.

B. hominis and D. fragilis establish in the anaerobic environment of the human colon
and thrive in presence of bacteria and in some circumstances can invade the intestinal
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mucosa™. Although, these two parasites are considered harmless, they are associated
with a range of symptoms such as diarrhoea and abdominal painJ, and have been
associated with IBD and IBS". It is suggested that they may contribute to symptoms
via the disruption of gut microbiota, resulting in a decrease in beneficial bacteria such
as Bifidobacterium and Lactobacillus spp. In this study, patients reported post-treatment
symptoms at three different time points. Some of the symptoms such as abdominal
discomfort and blood in the stools were resolved as early as seven days post-
treatment. A few other studies have followed-up the possible adverse effects and
symptoms post-treatment; however, those treatments were based on a
mono-therapy™'. In a study by Nigro et al"’], the six months follow-up on patients
treated with metronidazole for B. hominis infection showed parasite recrudescence
with return of symptoms.

This study reported both parasite eradication and pre- and post-treatment symptom
comparisons. Other variables such as enema retention time were measured to
investigate the possible factors contributing to efficacy. There are a number of
limitations of this study, such as the relatively small sample size and lack of control
group. Also, patients were followed-up for duration of six weeks while a longer
follow-up period may give us information of late symptom return. Moreover, further
studies with larger sample size and a control group could provide broader
understanding of the treatment efficacy.

Overall, this study showed a significant achievement in both parasitic eradication
and improvement of clinical outcomes which points to the use of combination
therapies with an alternative delivery as first line of therapy. Larger scale randomised
controlled trials could help improve efficacy and so symptom resolution.

ARTICLE HIGHLIGHTS

Research background

Blastocystis hominis (B. hominis) and Dientamoeba fragilis (D. fragilis) are the two
anaerobic protozoa which can be found in the intestinal tract of humans and can be
transmitted via faecal-oral contact. Patients infected with these parasites can
experience symptoms similar to those with irritable bowel syndrome such as
abdominal pain, constipation, bloating or diarrhoea. The infections caused by the
intestinal protozoa are global problems in both developed and developing countries
and can cause considerable morbidity in the younger population.

Research motivation
A high failure rate has been observed with use of single drugs such as metronidazole
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in the treatment of B. hominis and D. fragilis parasitic infections, thus this has led to the
development of novel combination therapies.

Research objectives

This study aimed to investigate the effect of combined antibiotics administered via
enema infusion to eradicate D. fragilis and B. hominis and to determine their effect on
resolution of symptoms.

Research methods

A retrospective, single centre longitudinal study was conducted between 2017-2018 on
patients 18 years or older, who were positive for D. fragilis, B. hominis or both. Triple
antibiotics were infused over two days through rectal enema. Faecal specimens were
screened for parasites from patients at baseline and six weeks after completion of
treatment. Symptoms were recorded at three days, seven days and six weeks after the
treatment. Patient demographic data were also collected to identify any confounding
variables within the study population.

Research results

The results showed that the majority of patients (79%) showed complete clearance of
parasites post-antibiotic enema infusion treatment. Improvement was observed in
major clinical symptoms such as abdominal pain post-treatment. The most common
side effects experienced were urine discolouration, which improved following the
treatment.

Research conclusions

A significant achievement in both parasitic eradication and improvement of clinical
outcomes were observed, with minimal side effects. These points to the use of
combination therapies via enema as a potential first line of therapy for parasite
eradication.

Research perspectives

In order to better understand the effect of antibiotic combinations and mode of
administration in eradication of B. hominis or D. fragilis infections, further prospective
randomised studies are required.
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Abstract

BACKGROUND

The prognosis of acute mesenteric ischemia (AMI) caused by superior mesenteric
venous thrombosis (SMVT) remains undetermined and early detection of
transmural bowel infarction (TBI) is crucial. The predisposition to develop TBI is
of clinical concern, which can lead to fatal sepsis with hemodynamic instability
and multi-organ failure. Early resection of necrotic bowel could improve the
prognosis of AMI, however, accurate prediction of TBI remains a challenge for
clinicians. When determining the eligibility for explorative laparotomy, the
underlying risk factors for bowel infarction should be fully evaluated.

AIM
To develop and externally validate a nomogram for prediction of TBI in patients

3800 July 14,2020 | Volume26 | Issue26 |


https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v26.i26.3800
http://orcid.org/0000-0002-6669-547X
http://orcid.org/0000-0002-6669-547X
http://orcid.org/0000-0002-6669-547X
http://orcid.org/0000-0001-8756-1473
http://orcid.org/0000-0001-8756-1473
http://orcid.org/0000-0001-8756-1473
http://orcid.org/0000-0003-3464-6363
http://orcid.org/0000-0003-3464-6363
http://orcid.org/0000-0003-3464-6363
http://orcid.org/0000-0002-4083-1779
http://orcid.org/0000-0002-4083-1779
http://orcid.org/0000-0002-4083-1779
http://orcid.org/0000-0003-3749-8036
http://orcid.org/0000-0003-3749-8036
http://orcid.org/0000-0003-3749-8036
http://orcid.org/0000-0003-3890-6660
http://orcid.org/0000-0003-3890-6660
http://orcid.org/0000-0003-3890-6660
http://orcid.org/0000-0001-6382-6377
http://orcid.org/0000-0001-6382-6377
mailto:cuixinwu@live.cn

because the analysis used
anonymous clinical data that were
obtained after each patient agreed
to treatment by written consent.

Conflict-of-interest statement: We
have no financial relationships to
disclose.

Data sharing statement: No
additional data are available.

STROBE statement: The authors
have read the STROBE Statement-
checklist of items, and the
manuscript was prepared and
revised according to the STROBE
Statement-checklist of items.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ /creativecommons.org/ licenses
/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: February 25, 2020
Peer-review started: February 25,
2020

First decision: May 22, 2020
Revised: May 23, 2020

Accepted: June 5, 2020

Article in press: June 5, 2020
Published online: July 14, 2020

P-Reviewer: Isaji S, Kimura Y, Leal
RF, Richardson WS, Soresi M
S-Editor: Dou Y

L-Editor: MedE-Ma JY

E-Editor: Zhang YL

Jaishideng®

WJG | https://www.wjgnet.com

Jiang M et al. Nomogram for predicting TBI

with acute SMVT.

METHODS

Consecutive data from 207 acute SMVT patients at the Wuhan Tongji Hospital
and 89 patients at the Guangzhou Nanfang Hospital between July 2005 and
December 2018 were included in this study. They were grouped as training and
external validation cohort. The 207 cases (training cohort) from Tongji Hospital
were divided into TBI and reversible intestinal ischemia groups based on the final
therapeutic outcomes. Univariate and multivariate logistic regression analyses
were conducted to identify independent risk factors for TBI using the training
data, and a nomogram was subsequently developed. The performance of the
nomogram was evaluated with respect to discrimination, calibration, and clinical
usefulness in the training and external validation cohort.

RESULTS

Univariate and multivariate logistic regression analyses identified the following
independent prognostic factors associated with TBI in the training cohort: The
decreased bowel wall enhancement (OR = 6.37, P < 0.001), rebound tenderness
(OR =7.14, P < 0.001), serum lactate levels > 2 mmol/L (OR = 3.14, P = 0.009) and
previous history of deep venous thrombosis (OR = 6.37, P < 0.001). Incorporating
these four factors, the nomogram achieved good calibration in the training set
[area under the receiver operator characteristic curve (AUC) 0.860; 95%CI: 0.771-
0.925] and the external validation set (AUC 0.851; 95%ClI: 0.796-0.897). The
positive and negative predictive values (95%Cls) of the nomogram were
calculated, resulting in positive predictive values of 54.55% (40.07%-68.29%) and
53.85% (43.66%-63.72%) and negative predictive values of 93.33% (82.14%-97.71%)
and 92.24% (85.91%-95.86%) for the training and validation cohorts, respectively.
Based on the nomogram, patients who had a Nomo-score of more than 90 were
considered to have high risk for TBI. Decision curve analysis indicated that the
nomogram was clinically useful.

CONCLUSION

The nomogram achieved an optimal prediction of TBI in patients with AMI. Using
the model, the risk for an individual patient inclined to TBI can be assessed, thus
providing a rational therapeutic choice.

Key words: Superior mesenteric venous thrombosis; Acute mesenteric ischemia;
Transmural bowel infarction; Reversible intestinal ischemia; Predictors; Nomogram

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The high mortality rate of acute superior mesenteric venous thrombosis is closely
associated with the occurrence of transmural bowel infarction (TBI). Early detection and
subsequent resection of irreversible necrotic intestine before sepsis and multi-organ failure
could improve the functional outcome of the small bowel and patient prognosis. We found
that the decreased bowel wall enhancement, rebound tenderness, serum lactate levels > 2
mmol/L and previous history of deep venous thrombosis independently predicted TBI. A
nomogram that incorporated these four risk factors achieved an area under the receiver
operator characteristic curve of 0.860 and 0.851 in the training and validation cohort,
respectively, with good calibration. The nomogram can be conveniently used to facilitate
the individualized prediction of TBI in patients with acute mesenteric ischemia.
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INTRODUCTION

As a rare insidious condition, acute mesenteric venous thrombosis (MVT) has an
incidence of 1 in 1000 emergency laparotomies for acute abdomen'"l. The prevalence of
MVT has increased over the last two decades, likely as a result of the wide use of
abdominal contrast-enhanced computed tomography (CT). Superior MVT (SMVT) is
the most common type of MVT that accounts for approximately 5% - 10% of all
mesenteric ischemial. Despite advances in managing thromboembolic diseases over
the past 40 years, the average 30-d mortality of acute SMVT is still as high as 32.1% in
severe casesl’l. The predisposition to develop transmural bowel infarction (TBI) is of
clinical concern, which can lead to fatal sepsis with hemodynamic instability and
multi-organ failure!’.

Advances in imaging modalities, especially CT angiography, have greatly enabled
early detection of SMVT in the setting of acute abdominal pain. Unfortunately, TBI is
not rare, and intestinal resection is still mandatory for some patients. TBI often leads to
a complex clinical situation and increases the patients' physiological burden, which
poses a major challenge for clinicians. Thus, accurate and reliable prediction of bowel
infarction is critical for decision-making in an emergency setting. Preventing the
progression from reversible intestinal ischemia to TBI should be a primary goal in the
management of SMVT.

Nomograms can provide individualized and highly accurate risk estimation, which
are easy to use and can facilitate clinical decision-making. We undertook the present
study to develop and externally validate a nomogram to predict TBI in patients with
acute SMVT.

MATERIALS AND METHODS

Patients

Consecutive patients with SMVT from Tongji Hospital of Huazhong University of
Science and Technology, Wuhan, China (as training cohort) and from Nanfang
Hospital of Southern Medical University, Guangzhou, China (as validation cohort)
were included. This retrospective study (clinical trial number: ChiCTR1900026320) was
approved by the institutional review board of the two hospitals. Since the study was
retrospectively designed and did not cause any harm to the patients, the informed
consent was waived by the board.

We retrospectively reviewed the electronic medical record system using the key
word “mesenteric venous thrombosis” to identify SMVT patients with acute
mesenteric ischemia (AMI) who underwent contrast-enhanced CT at the two
institutions. SMVT-related AMI was defined as the association of acute abdominal
symptoms, CT features of bowel injury, as well as vascular insufficiency of the
superior mesenteric vein. Two senior radiologists reviewed all CT images and
confirmed the presence of thrombosis and bowel injury based on consensus. K
statistics was used to evaluate the concordance between the two radiologists, and any
disagreements were resolved by discussion. Diagnosis was confirmed pathologically
in cases that intestinal resection was performed. To explore the effect of SMVT on
bowel infarction without confounding risk factors, we excluded patients who had
coexisting mesenteric artery thrombosis. In addition, cases in that acute SMVT was
secondary to mechanical small bowel obstruction were also excluded.

Treatment protocol

At the two tertiary referral centers in China, we have employed a standard protocol for
the treatment of acute SMVT. The treatment protocol included bowel rest, nasogastric
tube decompression for patients with abdominal distention, intravenous fluids,
prophylactic antibiotics, prompt anticoagulation or surgical exploration if necessary.
For all patients, once acute SMVT was diagnosed, intravenous administration of
unfractionated heparin (3000-5000 IU/d) or subcutaneous administration of low-
molecular-weight heparin (LMWH or enoxaparin, 1 mg/kg per day) was applied at
first. Thereafter, for patients with anticipated surgery, intravenous unfractionated
heparin was administered according to the active partial thrombin time. Patients who
received conservative treatment were injected with LMWH (1 mg/kg; BID)
subcutaneously and monitored closely. Transmural bowel necrosis from resected
specimens was confirmed histologically.
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Outcomes

To determine the indicators of TBI, patients were divided into two groups according to
the final therapeutic outcome. The TBI group was defined as: (1) Pathology assessment
as extensive, transmural intestinal necrosis; (2) Definite imaging of bowel perforation
on CT; or (3) Unresected patients with extensive bowel necrosis assessed during open-
close laparotomy procedures. All resected specimens were retrospectively reviewed by
a senior pathologist. The patients who did not progress to transmural bowel necrosis
but recovered from AMI or superficial ischemic lesions after systemic anticoagulation
or thrombectomy were categorized as reversible intestinal ischemia group. This was
confirmed by explorative laparotomy, repeated CT scan or clinical follow-up.

Statistical analysis

Continuous variables were presented as median (interquartile range), and were
compared between the training and validation cohort using Mann-Whitney U test or ¢
test as appropriate. Categorical variables were reported as whole numbers and
proportions and were compared by the y? test or Fisher’s exact test where appropriate.
Statistical analyses were conducted using R software (version 3.6.1) and SPSS 20.0
software (SPSS Inc., Chicago, IL, United States). All the statistical significance levels
were two-sided, with P value less than 0.05. The detailed description of the decision
curve analysis (DCA) algorithm is provided in the Supplementary text.

Data collection

Demographic and clinical data were extracted from case records, including age,
gender, coexisting medical conditions (e.g., tobacco use, malignant disease, or previous
history of deep venous thrombosis), clinical manifestations, physical findings and
laboratory test results. All serum biochemical parameters were collected at the onset of
symptoms. Radiologic features including extent of thrombus and associated conditions
(e.g., decreased bowel wall enhancement, bowel wall thickening and pneumatosis
intestinalis) were also recorded. We also extracted the suspected risk factors for acute
SMVT, such as recent surgery, intraperitoneal inflammation, and liver cirrhosis.

Construction of the nomogram

Continuous variables were transformed into dichotomous variables using the upper
value of normal as the cutoff level (e.g., white blood cell count > 10 x 10°/L, percentage
of neutrophil granulocyte > 75%, creatinine > 106 pmol/L, or venous lactate levels > 2
mmol/L), and C-reactive protein (50 mg/L as cutoff value in line with previous
study®l.

Univariate logistic regression analysis was conducted to assess each variable in the
training cohort for investigating the independent risk factors associated with TBI.
Then, a multivariate logistic regression analysis incorporating all the significant risk
variables was performed, using backward step-down selection procedure with a
liberal P < 0.05 as the retention criteria to select the final indicators of TBI. A
nomogram was developed based on the results of multivariate logistic regression
analysis.

Performance of the nomogram

Calibration of the nomogram was evaluated using calibration curve and Hosmer-
Lemeshow test (non-significance of the Hosmer-Lemeshow test indicates good
agreement)’. The discrimination performance of the nomogram was assessed using
the area under the receiver operator characteristic curve (AUC). The nomogram was
subjected to bootstrapping validation (1000 bootstrap resamples) to calculate a
relatively corrected AUC. Then the performance of the nomogram was tested in the
external validation cohort by calibration curve and AUC.

Clinical use assessment

DCA was performed to estimate the clinical usefulness of the prediction model by
quantifying the net benefits at different threshold probabilities”l. For clinical use, the
total scores (defined as Nomo-score in this study) of each case were calculated
according to the nomogram algorithm. Then the optimal cutoff value of the Nomo-
score was determined by maximizing the Youden index. Performance of the optimal
cutoff value of the Nomo-score was assessed by the sensitivity, specificity, as well as
positive and negative predictive values.
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RESULTS

Patient selection

After excluding 12 patients with chronic SMVT, chart review yielded 230 consecutive
patients who had acute SMVT in the training cohort between July 2005 and June 2018
(Wuhan cohort). Of the 230 patients, 13 cases were excluded from the analysis as the
acute SMVT was secondary to mechanical small bowel obstruction. Acute SMVT
concomitant with mesenteric artery thrombosis was found in 10 patients, who were
also excluded, leaving a final sample of 207 patients. Explorative laparotomy was
performed in 78 (38%) patients , and bowel resection was performed in 65 (83%) of
these patients based on assessment of bowel viability with respect to color, dilatation
and peristaltic motion of the bowel, pulsations of the mesenteric arcade arteries, as
well as bleeding from cut surfaces. Thrombectomy was performed in 11 (14%)
patients, and 2 (3%) received open-close procedure due to extensive bowel necrosis,
who refused further treatment and died at last. The algorithm of patient screening in
the training cohort is shown in Figure 1A. Pathological analysis of the surgical
specimens confirmed TBI in 56 (86%) of the 65 patients, while superficial ischemic
lesions were seen in 9 (14%) patients. The mean time between admission and surgical
exploration for patients with and without TBI was 41.6 + 30.5 (8-192) h and 32.4 + 23.7
(5-96) h, respectively.

In this study, patients with superficial ischemic lesions confirmed by pathological
examination and clinically recovered through thrombectomy were classified as
reversible intestinal ischemia group, while patients who underwent open-close
procedure due to extensive bowel necrosis were deemed as TBI. One hundred twenty-
nine patients (62%) who did not progress to surgery and recovered after conservative
therapy were considered as having reversible intestinal ischemia. Eventually,
reversible intestinal ischemia and TBI were the final diagnosis in 149 (72%) and 58
(28%) patients, respectively.

In the external validation cohort (Guangzhou cohort), 89 eligible cases were
retrieved from August 2007 to December 2018 using the same criteria (Figure 1B). TBI
was confirmed in 27 (30%) of these patients.

Characteristics of the study population

The patients’ clinical characteristics in the training and validation cohorts are
summarized in Table 1. There were no differences in the clinicopathological
characteristics between the two cohorts in most of the comparisons. In the training
cohort, 82 patients had a clinical history of liver cirrhosis, and 20.7% (17/82) cases
developed TBI. In the validation cohort, 18.9% (7/37) of the patients with liver
cirrhosis progressed to TBI finally.

Development and validation of a TBI-predicting nomogram

The results of univariate logistic analysis are presented in Table 2. Stepwise
multivariate logistic regression indicated that the decreased bowel wall enhancement
(OR =6.37, P <0.001), rebound tenderness (OR = 7.14, P < 0.001), serum lactate levels
> 2 mmol/L (OR = 3.14, P = 0.009) and previous history of deep venous thrombosis
(DVT) (OR = 6.37, P < 0.001) all independently predicted TBI (Table 3). These
independently associated risk factors were used to construct a TBI risk estimation
nomogram (Figure 2A). The scoring system is shown in Supplementary Table 1, which
can be used for a more accurate calculation of predictions than drawing lines on the
nomogram. Figure 2B shows the calibration curve of the nomogram. The calibration
curve and Hosmer-Lemeshow test statistics (P = 0.316) showed good calibration in the
training cohort. An AUC of 0.860 (95%CI: 0.771-0.925) also showed good
discrimination by the nomogram (Figure 2D). The favorable calibration of the
nomogram was also confirmed in the external validation set (Figure 2C). The Hosmer-
Lemeshow test yielded a P value of 0.203, and the AUC of the validation cohort was
0.851 (95%ClI: 0.796-0.897) (Figure 2E). Thus, our nomogram performed well in both
the training and external validation sets.

Decision curve analysis DCA was used to facilitate the assessment of the nomogram.
Figure 3A shows the basic plot of model performance for the nomogram. The DCA
graphically demonstrated the clinical value of the model based on a continuum of
threshold for TBI risk (X axis) and the net benefit of using the model to stratify the risk
of the patients (Y axis) relative to the hypothesis that no patient will have a TBI. The
decision curve indicated that when the threshold probability for a patient or a doctor is
within a range from 0 to 1.0, the nomogram adds more net benefit than the “treat-all”
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Cohort, n (%)

Variable

Training (n = 207) Validation (n = 89) P value
Age, yrs 485+13.2 51.3+82 0.07
Gender 0.52
Male 145 (70.0) 59 (66.3)
Female 62 (30.0) 30 (33.7)
Tobacco use 40 (19.3) 25 (28.1) 0.09
Coexisting medical conditions
Hypertension 19 (9.2) 13 (14.6) 0.17
Diabetes 20 (9.7) 13 (14.6) 0.22
Ischemic heart disease 8 (3.9) 9(10.1) 0.05
Previous history of DVT 39 (18.8) 17 (19.1) 0.81
Malignant disease 24 (2.4) 5(5.6) 0.11
Clinical manifestations
Diarrhea 22 (10.6) 14 (15.7) 0.22
Hematochezia or melena 62 (30.0) 19 (21.3) 0.13
Fever 26 (12.6) 13 (14.6) 0.63
Physical findings
Abdominal distention 109 (52.7) 37 (41.6) 0.16
Abdominal tenderness 39 (18.8) 24 (27.0) 0.12
Rebound tenderness 38 (18.4) 21 (23.6) 0.3
Laboratory findings
White blood cells, 10°/L 7.0 (4.7-11.4) 11.0 (7.5-14.4) 0.05
Hemoglobin, g/L 109 (82-122) 113 (92-130) 0.11
Platelets, 10°/L 191 (100-288) 168 (133-214) 0.06
C-reactive protein, mg/L 51.3 (7.7-67.5) 53.9 (18.2-75.1) 0.23
Serum lactate levels, mmol/L 4.3 (2.7-6.5) 3.9 (1.3-5.7) 0.31
Creatinine, pmol/L 72 (60-91) 76 (65-108) 0.07
D-dimer, mg/L 16.9 (3.0-179.6) 14.1 (6.9-60.2) 0.61
Procalcitonin, pg/L 0.5 (0.4-0.6) 0.4 (0.1-1.8) 0.17
Radiologic features
Distal thrombosis 63 (30.4) 25 (28.1%) 0.69
Portal vein or/and splenic vein extension 143 (69.1) 54 (60.7) 0.16
Decreased bowel wall enhancement 70 (33.8) 36 (40.4) 0.28
Bowel wall thickening 42 (21.3) 19 (21.3) 0.84
Bowel loop dilation 41 (19.8) 16 (18.0) 0.71
Pneumatosis intestinalis 52 (25.1) 27 (30.3) 0.13
Ascites 91 (44.0) 31 (34.8) 0.14
Other risk factors
Recent surgery 46 (22.2) 15 (16.9) 0.3
Intraperitoneal inflammation 73 (35.3) 31 (34.8) 0.94
Liver cirrhosis 82 (39.6) 37 (41.6) 0.75
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Data are median (IQR) or 1 (%). P values were calculated by Mann-Whitney U test, ¢ test, x? test, or Fisher’s exact test, as appropriate. DVT: Deep venous

thrombosis.

Table 2 Univariate analysis of risk factors associated with transmural bowel infarction in the training cohort

Variable OR (95%Cl) P value
Age, yr 0.97 (0.95-0.99) 0.01
Gender, male vs female 2.22 (1.06-4.65) 0.03
Tobacco use 1.03 (0.48-2.23) 0.94
Hypertension 1.10 (0.38-3.20) 0.86
Diabetes 3.85 (0.86-17.14) 0.08
Ischemic heart disease 2.81 (0.34-23.36) 0.34
Previous history of DVT 3.14 (1.53-6.47) 0.002
Malignant disease 0.41 (0.21-1.78) 0.99
Diarrhea 1.04 (0.39-2.81) 0.93
Hematochezia 2.53 (1.33-4.79) 0.004
Fever 1.16 (0.47-2.83) 0.75
Abdominal distention 3.56 (1.82-6.97) <0.001
Abdominal tenderness 7.25 (3.40-15.46) <0.001
Rebound tenderness 9.14 (4.17-20.04) <0.001
White blood cells, > 10 x 10°/L vs <10 x 10°/L 1.12 (1.06-1.17) <0.001
Hemoglobin, > 120 g/L vs <120 g/L 1.01 (1.00-1.02) 0.35
Platelets, > 100 x 10%/L vs 100 x 10°/L 1.00 (0.99-1.01) 0.96
C-reactive protein, > 50 mg/L vs <50 mg/L 1.02 (1.01-1.02) 0.05
Serum lactate levels, > 2 mmol/L vs <2 mmol/L 6.53 (3.27-13.04) <0.001
Creatinine, > 106 pmol/L vs <106 pmol /L 2.05 (0.96-4.41) 0.07
D-dimer, > 0.5 mg/L vs < 0.5 mg/L 1.00 (1.00-1.01) 0.50
Procalcitonin, > 0.5 pg/L vs < 0.5 ug/L 1.02 (0.92-1.12) 0.72
Distal thrombosis 2.13 (1.07-4.36) 0.02
Portal vein or/and splenic vein extension 1.01 (0.52-1.94) 0.98
Decreased bowel wall enhancement 9.00 (4.24-19.12) <0.001
Bowel wall thickening 1.99 (0.98-2.01) 0.24
Bowel loop dilation 2.21 (1.67-3.54) 0.03
Pneumatosis intestinalis 1.36 (1.23-3.15) 0.04
Ascites 1.40 (0.76-2.58) 0.28
Recent surgery 1.13 (0.54-2.38) 0.74
Intraperitoneal inflammation 1.63 (0.84-3.16) 0.15
Liver cirrhosis 2.44 (1.28-4.68) 0.007

OR: Odd ratio; CI: Confidence interval; DVT: Deep venous thrombosis.

or “treat-none” schemes. Figure 3B shows the estimated number of patients who
would be at high risk for each potential risk threshold and visually demonstrates the
proportion of the patients who are truly positive cases. For instance, if a 40% risk
threshold was used, of 1000 patients screened, about 200 patients would be deemed at
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Table 3 Multivariate logistic regression analysis of risk factors associated with transmural bowel infarction in the training cohort

Variable B OR 95%Cl P value
Decreased bowel wall enhancement 1.85 6.37 2.55-15.90 <0.001
Rebound tenderness 1.97 7.14 2.73-18.65 <0.001
Serum lactate levels > 2 mmol/L 1.44 3.14 1.33-7.41 0.009
DVT history 1.81 6.37 2.55-15.90 <0.001

OR: Odd ratio; CI: Confidence interval; DVT: Deep venous thrombosis.

Jaishideng®

high risk, with about 180 of these patients being true TBI cases.

Predicting TBI based on the Nomo-score

The optimal cutoff value of the Nomo-score was determined to be 90. The sensitivity,
specificity, positive predictive value, and negative predictive value when used in
predicting TBI were 88.89%, 67.74%, 54.55%, and 93.33% in the training cohort, and
84.84%, 71.81%, 53.85%, and 92.24% in the external validation cohort, respectively
(Table 4).

DISCUSSION

Acute SMVT is a rare but serious condition due to its intestinal ischemic
complications. The widespread use of contrast-enhanced CT has made early diagnosis
possible by a noninvasive approach, which can provide incremental information as
evidence of ischemia warranting a change in treatment strategy. However, acute
SMVT still carries a high risk of extensive intestinal infarction and surgical exploration
with bowel resection is still mandatory for some patients. Recently, Kim et al”
conducted a study involving 66 patients with acute SMVT, of whom 15 (23%) patients
underwent bowel resection due to progressive intestinal ischemia and bowel
infarction, and 3 (5%) patients died at last, despite adequate intravenous or
subcutaneous anticoagulation were applied immediately at diagnosis. Another
research reported the application of multidisciplinary stepwise management strategy
for acute SMVT, and 18 of the 43 (42%) subjects underwent bowel resection due to
TBI"). The reported rates of bowel infarction in existing literatures ranged from 6% to
42%, consistent with our rate of 29%>'*'l. Therefore, preventing the progression from
reversible to irreversible ischemic bowel injury should be a primary goal in the
management of acute SMVTUL However, the early detection of TBI remains a
challenge and further investigation is required to identify the most important
prognostic factors.

In this retrospective study, we developed and externally validated a nomogram to
predict TBI in patients with acute SMVT. The decreased bowel wall enhancement,
rebound tenderness, serum lactate levels > 2 mmol/L and previous history of DVT
independently predicted this event. Incorporating these clinical, biological, and
radiological factors into an easy-to-use prediction model can facilitate the
individualized prediction of TBI. The nomogram also consistently predicted TBI with a
high accuracy and provided good clinical usefulness throughout the range of bowel
infarction risk as assessed by DCA.

Based on our findings, the previous history of DVT could increase the chances of
bowel infarction in the setting of acute SMVT. Venous thrombosis often results from a
combination of endothelial injury, hypercoagulability or stasis. The patients with a
previous history of DVT may have had several episodes of undetected (possibly
asymptomatic) MVT prior to the index event and thus have acute-on-chronic
thrombosis with greater compromise of venous flow.

The decreased bowel wall enhancement on CT angiography is a strong established
risk indictor for bowel infarction”'"l. In our study, CT scan detected this feature in 70
patients, and among them, 34 patients had confirmed TBI finally. Previous studies
demonstrated that the decreased bowel wall enhancement in patients with acute
SMVT was significantly associated with surgical exploration and bowel resection”'.

Several other reports on AMI implied that the extent of venous thrombus was
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Table 4 Performance of the nomogram for estimating the risk of transmural bowel infarction

Value (95%Cl)
Variable

Training cohort (207) Validation cohort (89)
Cutoff value 90 90

AUC

Sensitivity, %

Specificity, %

Positive predictive value, %
Negative predictive value, %
Positive likelihood ratio
Negative likelihood ratio

Diagnostic accuracy, %

0.860 (0.771-0.925)
88.89 (71.94-96.15)
67.74 (55.37-78.05)
54.55 (40.07-68.29)
93.33 (82.14-97.71)
2.76 (2.43-3.07)

0.16 (0.08-0.32)

74.16 (64.20-82.12)

0.851 (0.796-0.897)
84.48 (73.07-91.62)
71.81 (64.11-78.42)
53.85 (43.66-63.72)
92.24 (85.91-95.86)
3.00 (2.84-3.16)

022 (0.17-0.27)

75.36 (69.07-80.73)

AUC: Area under the receiver operator characteristic curve; CI: Confidence interval.
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related to TBIV**l. However, Grisham et all'”! found no association between the presence
of multiple vein thromboses and increased mortality rates. Additionally, Kumar et al*"!
showed that patients with isolated SMVT were even at a greater risk of development
of bowel infarction, and more likely to require surgery. In view of that the extent of
venous thrombus did not show enough predictive strength on the basis of univariate
association with bowel infarction, we excluded this variable for model construction.

Peritoneal signs, including involuntary guarding, rebound tenderness, and
abdominal wall rigidity often present in the case of TBI. According to our results, the
rebound tenderness could be a strong predictor for TBI. In parallel with our outcomes,
Kim et al? found that rebound tenderness was observed more frequently in patients
who underwent bowel resection than those who did not (33% vs 4%).

Lactate is an important parameter that closely related to necrosis, inflammation and
hypoxia. Our results demonstrated that serum lactate levels > 2 mmol/L was
significantly associated with the occurrence of TBI. In line with our findings,
Higashizono and Nuzzo revealed that serum lactate levels tend to increase
significantly after bowel infarction””. Additionally, Leone et al*! indicated that serum
lactate levels decreased significantly after resection of the necrotic bowel, further
validating its predictive value for TBL

Accurate identification of patients that will need surgery due to bowel infarction is
crucial, because of the high morbidity and mortality associated with unidentified and
unresected necrotic intestine*1. Earlier resection of necrotic bowel before the
development of multi-organ failure could improve the functional outcome of the small
bowel and patient prognosis. However, this issue remains a challenge. In a study the
authors presented 767 surgeons with a clinical vignette of AMI, and showed that the
surgeons’ decision on whether a surgery is required or not varies markedly!™!.

In a previous study, Nuzzo et al”! developed a risk score incorporating organ failure,
serum lactate levels > 2 mmol/L and bowel loop dilation on CT scan to predict
irreversible transmural bowel necrosis for AMI. The risk factors associated with bowel
necrosis identified in this study was partly different from ours, probably because their
cohort comprised venous and arterial occlusion, but we just included acute SMVT
patients. In addition, we suggested that organ failure might be of late onset during the
disease course. Furthermore, we think that the risk score based on the number of
predictive factors could not reflect the weight of each parameter.

Although several studies have investigated the risk factors of TBI for AMI, to our
knowledge, none have presented the data in the form of a validated nomogram{®*1,
Nomograms have advantages as they provide quantified individual risk assessment in
a dynamic manner. For clinical use of our nomogram, we proposed the sensitivity,
specificity, negative and positive predictive value in assessing the risk of TBI using 90
as the cut-off value (Table 4). We show that patients with a Nomo-score less than 90
are the subgroup of low-risk inclined to TBI (negative predictive value, 93.33% for
training and 92.24% for validation). The AUC of our model was 0.860 and 0.851 in the
training and external validation cohort, respectively. The calibration curves presented
a good agreement between the actual probability and predicted probability of TBI.
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Potentially eligible participants
in the training cohort (7 = 242)

ﬁ‘ Patients with chronic SMVT (7 = 12)

Y
Patients with acute SMVT (7 = 230) ‘

Patients were excluded for acute SMVT
was secondary to mechanical small

> bowel obstruction (7 = 13)

Acute SMVT concomitant with mesenteric
artery thrombosis (7 = 10)

Y
‘ Acute SMVT with AMI included in the final analysis (7 = 207)

A J

Y Explorative laparotomy (7 = 78)
‘ No laparotomy (7 = 129) Bowel resection (7 = 65): 9 with superficial
necrosis, 56 with transmural bowel necrosis
Thrombectomy (7 = 11)
Open-close procedure (7 = 2)

v v
Reversible intestinal ischemia Transmural bowel
(n = 149) infarction (7 = 58)

Potentially eligible participants in
the validation cohort (7 = 117)

>|

Patients with chronic SMVT (7 = 16)

Y
Patients with acute SMVT (7 = 101) ‘

Patients were excluded for acute SMVT
was secondary to mechanical small

> bowel obstruction (7 = 7)

Acute SMVT concomitant with mesenteric
artery thrombosis (7 = 5)

Y
‘ Acute SMVT with AMI included in the final analysis (7 = 89)

Y

Y Explorative laparotomy (7 = 40)
’ No laparotomy (7 = 49) Bowel resection (7 = 29): 3 with superficial
necrosis, 26 with transmural bowel necrosis
Thrombectomy (7 = 10)
Open-close procedure (7 = 1)

Y Y
Reversible intestinal ischemia Transmural bowel
(n=62) infarction (7 = 27)

Figure 1 Flow diagram of study populations. A: Training cohort; B: Validation cohort. SMVT: Superior mesenteric venous thrombosis; AMI: Acute
mesenteric ischemia.

Thus, we believe that our nomogram could be a reliable and objective tool that will
provide clinicians favorable evidence for decision making.

Cautions should be exercised when interpreting the findings due to several
limitations. First, some bias may inevitably exist and affect our analysis because it was
a retrospective study. And thus, treatment strategy might not be entirely consistent
among clinicians. Second, although we have validated the nomogram in an external
cohort, the number of variables evaluated in respect to the number of primary
outcome events may have led to an overfitting of the accuracy of the model, thus
prospective multicenter validation using a larger group of patients is still necessary to
acquire high-level evidence for further clinical application. Third, pathological
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Figure 2 Nomogram for evaluation of transmural bowel infarction risk and its predictive performance. A: Nomogram for estimating the risk of
transmural bowel infarction (TBI) in patients with acute mesenteric ischemia (AMI). The nomogram is used to find the position of each variable on the corresponding
axis, draw a line to the points axis for the number of points, add the points from all of the variables, and draw a line from the total points axis to determine the risk of
TBI at the lower line of the nomogram. For example, a 30-year-old male patient (have transmural bowel infarction finally) with a previous history of deep venous
thrombosis and serum lactate levels > 2 mmol/L, no rebound tenderness and no decreased bowel wall enhancement, has a risk of 59% of TBI calculated by the
nomogram; B and C: Calibration curves of the nomogram in the training and validation sets, respectively. Calibration curves depict the calibration of the model in
terms of the agreement between the predicted probabilities of TBI and observed outcomes of TBI. The dotted blue line represents an ideal prediction, and the dotted
red line represents the predictive ability of the nomogram. The closer the dotted red line fit is to the dotted blue line, the better the predictive accuracy of the
nomogram is; D and E: The ROC curves of the nomogram in the training and validation sets, respectively. TBI: Transmural bowel infarction; AMI: Acute mesenteric
ischemia; DVT: Deep venous thrombosis; AUC: Area under the receiver operator characteristic curve; ROC: Receiver operator characteristic curve.

evidence could not be obtained for patients that did not progress to surgery but
confirmed by recovery from the specific vascular therapy. Fourth, evaluation of
decreased bowel wall enhancement in the nomogram was related to the reading of CT
images, and interpretation may vary among radiologists. In addition, since it is hard to
assess the length of decreased bowel wall enhancement quantitatively on CT imaging,
we did not examine the association between this factor and TBI. Further high-level
evidence is needed to clarify this issue. Finally, data on the long-term outcomes of
patients were unavailable, however, this will not affect our ability to identify risk
factors of TBI associated with AMI.
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Figure 3 Decision curve analysis for the nomogram. A: The Y-axis shows the net benefit. The X-axis shows the corresponding risk threshold. The green
line represents the assumption that all patients have transmural bowel infarction (TBI). The thin black line represents the assumption that no patients have TBI. The
red line represents the nomogram. The decision curve in the validation cohort indicated that if the threshold probability is between 0 and 1.0, then using the
nomogram to predict TBI adds more benefit than the treat-all-patients scheme or treat-none scheme; B: Clinical impact curve for the risk model. Of 1000 patients, the
red solid line shows the total number who would be deemed at high risk for each risk threshold. The green dashed line shows how many of those would be true
positives cases. DCA: Decision curve analysis; TBI: Transmural bowel infarction.

Jaishideng®

WJG | https://www.wjgnet.com 3811

In conclusion, our nomogram is an individual predictive tool that incorporates four
risk factors, shows favorable predictive accuracy for assessing TBI risk in patients with
AMI. The model might facilitate timely recognition and effective management of high-
risk patients.

ARTICLE HIGHLIGHTS

Research background

The prognosis of acute mesenteric ischemia (AMI) caused by superior mesenteric
venous thrombosis (SMVT) remains obscure and early detection of transmural bowel
infarction (TBI) is crucial. The predisposition to develop TBI is of clinical concern,
which can lead to fatal sepsis with hemodynamic instability and multiorgan failure.
Early resection of necrotic bowel could improve the prognosis of AMI, however,
accurate prediction of TBI remains a challenge for clinicians. When determining
eligibility for explorative laparotomy, the underlying risk factors for bowel infarction
should be fully evaluated.

Research motivation
Nomograms can provide individualized and highly accurate risk estimation, which
are easy to use and can facilitate clinical decision-making. We undertook the present

study to develop and externally validate a nomogram to predict TBI in patients with
acute SMVT.

Research methods

Consecutive data from 207 acute SMVT patients at the Wuhan Tongji Hospital and 89
patients at the Guangzhou Nanfang Hospital between July 2005 and December 2018
were included in this study. They were grouped as training and external validation
cohort. The 207 cases (training cohort) from Tongji hospital were divided into TBI and
reversible intestinal ischemia groups based on the final therapeutic outcomes. Then
univariate and multivariate logistic regression analyses were conducted to identify
independent risk factors for TBI using the training data, and a nomogram was
subsequently developed. The performance of the nomogram was evaluated with
respect to discrimination, calibration, and clinical usefulness in the training and
external validation cohort.

Research results

Univariate and multivariate logistic regression analyses identified the following
independent prognostic factors associated with TBI in the training cohort: The
decreased bowel wall enhancement (OR = 6.37, P < 0.001), rebound tenderness (OR =
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7.14, P < 0.001), serum lactate levels > 2 mmol/L (OR = 3.14, P = 0.009) and previous
history of deep venous thrombosis (OR = 6.37, P < 0.001). Incorporating these four
factors, the nomogram achieved good calibration in the training set (AUC 0.860;
95%CI: 0.771-0.925) and the external validation set (AUC 0.851; 95%ClI: 0.796-0.897).
The positive and negative predictive values (95%ClIs) of the nomogram were
calculated, resulting in positive predictive values of 54.55% (40.07%-68.29%) and
53.85% (43.66%-63.72%) and negative predictive values of 93.33% (82.14%-97.71%) and
92.24% (85.91%-95.86%) for the training and validation cohorts, respectively. Based on
the nomogram, patients who had a Nomo-score of more than 90 were considered to
have high risk for TBI. Decision curve analysis indicated that the nomogram was
clinically useful.

Research conclusions

The nomogram achieved an optimal prediction of TBI in patients with AMI. Using the
model, the risk for an individual patient inclined to TBI can be assessed, thus
providing a rational therapeutic choice.

Research perspectives

Although we have validated the nomogram in an external cohort, the number of
variables evaluated in respect to the number of primary outcome events may have led
to an overfitting of the accuracy of the model, thus prospective multicenter validation
using a larger group of patients is still necessary to acquire high-level evidence for
further clinical application.
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Abstract

BACKGROUND

The role of the Notch pathway in carcinogenesis and tumor progression has been
demonstrated in many organs, including the colon. Accordingly, studies aimed at
developing therapies targeting this pathway in various cancers require the
identification of several factors that may play a role in regulating Notch-1
expression. Although Numb, Itch, and seven in absentia homolog-1 (Siah-1) have
been shown to contribute to the regulation of Notch signaling, their role in
colorectal carcinogenesis and tumor progression has not been fully elucidated to
date.

AIM

To evaluate Numb, Itch, and Siah-1 expression in colorectal tumors to clarify their
relationship with Notch-1 expression and their role in carcinogenesis and tumor
behavior.

METHODS
Expression of Notch-1, Numb, Itch, and Siah-1 was investigated in 50 colorectal
carcinomas, 30 adenomas, and 20 healthy colonic tissues by

immunohistochemistry and quantitative real-time polymerase chain reaction
(PCR) analyses.

RESULTS

In contrast to Notch-1, which is expressed at higher levels in tumor tissues and
adenomas, expression of Numb, Itch, and Siah-1 was stronger and more frequent
in normal mucosa (P < 0.01). There was a positive correlation between Notch-1
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expression and high histological grade, the presence of lymph node metastasis,
and advanced-stage tumors, whereas expression of Numb, Itch, and Siah-1 was
absent or reduced in tumors with these clinicopathological parameters (P < 0.05).
In survival analysis, expression of Notch was related to poor prognosis but that of
Numb, Itch, and Siah-1 correlated with improved survival (P < 0.05). Multivariate
analysis revealed Notch-1 expression and loss of Numb expression to be
independent prognostic parameters together with lymph node metastasis (P <
0.05).

CONCLUSION

Our findings support the role of Notch-1 in colorectal carcinoma and indicate that
loss of Numb, Itch, and Siah-1 expression is associated with carcinogenesis. Our
data also suggest that these three proteins might be involved in the Notch-1
pathway during colorectal carcinoma (CRC) progression and might play an

essential role in approaches targeting Notch as novel molecular therapies for
CRC.

Key words: Colorectal adenomas; Colorectal cancer; Notch-1; Numb; Itch; Siah-1

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This report describes a preliminary study to investigate Numb, Itch, and Siah-1
expression in colorectal tumors and to evaluate their relationship with Notch-1 expression
and their roles in oncogenesis and prognosis. Our findings confirm the role of Notch-1 in
colorectal carcinoma (CRC) and emphasize that loss of Numb, Itch, and Siah-1 expression
is associated with carcinogenesis. Our data also indicate that Numb, Itch, and Siah-1 might
be involved in the Notch-1 signaling pathway during CRC progression. Accordingly, these
three proteins might be key in possible therapies targeting Notch-1 to treat colorectal
carcinoma.

Citation: Gonulcu SC, Unal B, Bassorgun IC, Ozcan M, Coskun HS, Elpek GO. Expression of
Notch pathway components (Numb, Itch, and Siah-1) in colorectal tumors: A
clinicopathological study. World J Gastroenterol 2020; 26(26): 3814-3833

URL: https://www.wjgnet.com/1007-9327/full/v26/i26/3814.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i26.3814

INTRODUCTION

Colorectal carcinoma (CRC) is one of the most common cancers worldwide and,
despite significant advances in treatment, ranks third in cancer-related mortality and
morbidity!“. Although curative surgery is possible in some cases, the fact that one-
fifth of patients have metastatic disease at the time of diagnosis and sixty percent of
patients undergoing surgical resection experience recurrence and metastasis
emphasizes the need to identify new strategies for the determination of CRC tumor
behavior and treatment®. In this context, numerous studies have been conducted to
elucidate signaling pathways that contribute to colorectal tumor development and
progression and to use them as potential therapeutic targets, mainly to prevent
aggressive tumor behavior and treatment resistance>”l.

Although Notch signaling has traditionally been known for its role in determining
cell fate, its identification as one of the most active pathways in cancer cells renders it a
potential therapeutic target in CRCI. In recent years, the role of the Notch signaling
pathway in gastrointestinal development and normal gut homeostasis has been
thoroughly demonstrated”.. However, differences in the findings of studies on its use
in CRC as a therapeutic target exist, which necessitates an understanding of the roles
of other components in the Notch pathway!*.

Numb is a conserved evolutionary protein that antagonizes Notch signaling
activities in regulating the balance between proliferation and differentiation in
development and homeostasis!”’. Ubiquitination of the membrane-bound Notch
receptor Notch-1 and subsequent attenuation of its activity are the basis of this
molecular mechanism, which involves the binding of Numb to the E3 ubiquitin-ligase
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Itch. Numb and Itch function in concert to promote ubiquitination of the Notch
receptor before activation!'l. Furthermore, the networking of Numb into E3 ubiquitin
ligase-based circuitries in the regulation of Notch signaling involves other E3 ubiquitin
ligases, including seven in Siah-1. Siah-1 has an inhibitory effect on Numb but a
stimulatory effect on Notch-1™"!. In addition, data obtained in recent years indicate that
Siah-1 may also play a role in the degradation of -catenin!l. Numb is expressed in
many adult tissues, such as the breast, lung, testis, and salivary gland; it is detected in
the villus crypt axis in the mouse intestine and participates in goblet cell
transformation by inhibiting the Notch pathway in intestinal epithelial cells!”. Numb
also increases mucin secretion in intestinal cells and helps to maintain the integrity of
the epithelial barrier. In recent years, there has been evidence that aggressive tumor
behavior in various solid tumors is associated with loss of Numb expression!*“.

Some experimental studies have suggested that loss of Numb expression is
associated with tumor behavior in CRCI"*.. Regardless, the relationship between
expression of Numb and clinicopathological parameters, survival, and Notch-1
expression in patients with colorectal carcinoma remains to be investigated. Similarly,
the roles of Itch and Siah-1 expression in colorectal carcinogenesis and their
relationship to tumor behavior, survival, Notch-1 expression, and Numb expression in
CRC have not been evaluated.

Therefore, this preliminary study was undertaken to investigate expression of
Numb, Itch, and Siah-1 in colorectal tumors to clarify their relationship with Notch-1
expression and their role in carcinogenesis and tumor behavior.

MATERIALS AND METHODS

Study design

Expression of Notch-1, Numb, Itch, and Siah-1 was evaluated in 50 samples of CRC
diagnosed as adenocarcinoma, not otherwise specified (NOS), in 30 adenomas (10
tubular, 10 tubulovillous and 10 villous), and in 20 healthy colonic tissues diagnosed at
the Department of Pathology. The ethics committee of Akdeniz University Medical
School approved the study.

Immunohistochemistry
Tissue sections from surgical specimens fixed in 40 g/L formaldehyde and embedded
in paraffin were reviewed, and representative tissue blocks were selected. Slides were
immunostained with anti-Notch-1 (Dilution 1/25), anti-Numb (Dilution 1/25), anti-
Itch (Dilution 1/100), and anti-Siah-1 (Dilution 1/100) monoclonal antibodies (Thermo
Fisher Scientific, United States) using the avidin-biotin immunoperoxidase technique.
Each sample was scored on a scale of 0-4, as follows: 0, negative; 1, positive staining
in 1%-25% of tumor cells; 2, positive staining in 26%-50% of tumor cells; 3, positive
staining in 51%-75% of tumor cells; and 4, positive staining in 76%-100% of tumor cells.
The intensity of immunostaining was determined as follows: 0, negative staining; 1,
weakly positive staining; 2, moderately positive staining; and 3, strongly positive
staining. The distribution of staining was also evaluated.

Quantitative real-time PCR analysis

PCR analysis was performed using Solaris qPCR Gene Expression Assay for Human
Gene Notch-1, Numb, Itch, Siah-1, and GAPDH Kits (Thermo Fisher Scientific). In
particular, reverse transcription of total RNA was performed using Maxima First
Strand complementary DNA (cDNA) Synthesis Kit for qPCR (Thermo Fisher
Scientific). Data were analyzed by the C; method.

RNA isolation

RNA extraction was performed according to the RNeasy formalin-fixed, paraffin-
embedded (FFPE) Kit protocol (Qiagen GmbH, Hilden, Germany). Briefly, 10 pm thick
sections were cut from formalin-fixed, paraffin-embedded blocks, and tumor areas
were collected from the sections and transferred to a microcentrifuge tube.
Deparaffinization was performed by adding 1 mL xylene and incubating for 10 min at
room temperature. This step was repeated twice, after which 1 mL absolute ethanol
was added. The deparaffinized tissue sections were incubated in lysis buffer
containing proteinase K at 56 °C for 15 min and then 80 °C for 15 min. This step was
followed by DNase treatment to eliminate all genomic DNA, including very small
DNA fragments that are often present in FFPE samples. Next, ethanol was added to
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provide binding conditions for RNA; lysate was applied to an RNeasy MinElute spin
column, with the membrane binding total RNA. The RNA was eluted in a minimum V
of 14 uL of RNase-free water. The c of the isolated RNA and the ratio of absorbance at
260 nm to 280 nm (A260/A280 ratio) were measured with a NanoDrop ND-1000
spectrophotometer (NanoDrop Technologies, Montchanin, DE, United States).

First-strand cDNA synthesis

Maxima First Strand cDNA Synthesis Kit (Thermo Fisher Scientific, Cat # K1641) was
used according to the manufacturer’s instructions. Five micrograms of RNA was
transcribed with random primers. Briefly, 5X reaction mix, maximum enzyme mix,
nuclease-free water, and template RNA were mixed and incubated for 10 min at 25°C
followed by 15 min at 50°C; the reaction was terminated by heating at 85°C for 5 min.
The product of the first-strand cDNA synthesis was stored at -20°C until qPCR.

qPCR

Gene expression analysis was performed using Solaris qPCR Gene Expression Assay
(Thermo Fisher Scientific) for Human Gene Notch-1 (Cat # AX-007771-00-0100), Numb
(Cat # AX-015902-00-100), Itch (Cat # AX-007196-00-0100), Siah-1 (Cat # AX-012598-00-
0100), and GAPDH (Cat # AX-004253-00-0100). The probes were labeled with FAM-
MGM dyes. Briefly, the reaction mixture consisted of 12.5 pL of the 2X Solaris qPCR
Master Mix, 1.25 pL of the 20X Solaris Primer/Probe set, and PCR grade water. Five
microliters of cDNA was used as a template for PCR in a final V of 25 pL. The master
mix contains all components for real-time PCR: (1) Thermo-Start DNA polymerase, a
hot-start version of Thermoprime DNA polymerase; (2) dNTPs, with dTTP replacing
dUTP to maximize amplification efficiency; (3) Proprietary reaction buffer, optimized
to work with Solaris primer/probe assays; and (4) ROX. The cycle conditions were set
as follows: preincubation step for 15 min at 95°C for activation of the Thermo-Start
DNA polymerase (1 cycle) followed by 40 cycles each of 15 s at 95°C for template
denaturation and 60 s at 60°C for annealing/extension. A Rotor-Gene Q instrument
was used. Expression data were normalized to GAPDH using the AACq method.

Statistical analysis

Data were analyzed by SPSS 20.0. The y? test was employed to examine categorical
data. Relative gene expression levels between the groups and their relationship with
clinicopathological parameters were investigated by f test. Univariate analysis,
including survival analysis, was estimated with the Kaplan-Meier method. The log-
rank test was employed for comparison of survival rates. A Cox proportional hazards
regression model was applied for multivariate analysis. A P value < 0.05 was
considered to be significant. Spearman’s correlation test was used to determine
relationships between Notch-1, Numb, Itch, and Siah-1 expression.

RESULTS

As shown in Figure 1, both granular cytoplasmic and nuclear staining for Notch-1,
Numb, Itch, and Siah-1 was observed; in some cases, Itch also displayed focal
cytoplasmic staining. The intensity and distribution of staining did not differ between
the groups. However, when considering the presence or absence of staining, Notch-1
staining occurred at a more frequent rate in CRC than in adenomas and controls,
whereas the frequency of Numb, Itch, and Siah-1 staining was higher in controls and
adenomas (P < 0.05) (Table 1). In terms of Notch-1, Numb, Itch, and Siah-1 expression,
there was no significant difference between adenomas, healthy colon (controls), or
tissues adjacent to carcinoma and adenomas (P > 0.05) (Table 1). Similarly, the
distribution of Notch-1, Numb, Itch, and Siah-1 expression among adenoma subtypes
did not differ (P > 0.05) (Table 1). Table 2 summarizes the correlations between
immunohistochemical expression of Notch-1, Numb, Itch, and Siah-1 and
clinicopathological parameters. Expression of Notch-1 was more frequently observed
in tumors with poor histological grade, lymph node metastasis, and an advanced stage
(P < 0.05). In contrast, Numb, Itch, and Siah-1 expression was more frequent in tumors
with well-differentiated morphology, without lymph node metastasis, and at an earlier
stage (P < 0.05). The survival of patients with Notch-1 expression was shorter than that
among those without Notch-1 expression. Conversely, Numb, Itch, and Siah-1
expression was related to better survival (P < 0.05) (Table 2 and Figure 2).

Although the expression levels of Notch-1 were higher in colorectal carcinomas,
those of Numb, Itch, and Siah-1 were higher in adenomas and healthy colonic mucosa,
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Table 1 Distribution of immunohistochemical expression of Notch, Numb, ltch, and Siah-1 among the three groups, tissues adjacent to

carcinoma, tissues adjacent to adenoma, and subtypes of adenomas

. . Tissues
C i Tissues adjacent adjacent to Subtypes of adenomas®
ontrols Adenomas Carcinomas P value T J p
adenoma®
Tubular  Tubulovillous  Villous
Notch expression
Negative 15 (75) 12 (40) 18 (36) 0.02 25 (50) 16 (53) 4 (40) 5 (50) 3 (30)
(%)
Positive 5 (25) 18 (60) 32 (64) 25 (50) 14 (47) 6 (60) 5 (50) 7 (70)
(%)
Numb expression
Negative 6 (30) 21 (70) 30 (60) 0.008 26 (52) 14 (47) 6 (60) 7 (70) 8 (80)
(%)
Positive 14 (70) 9 (30) 20 (40) 24 (48) 16 (54) 4 (40) 3 (30) 2(20)
(%)
Itch expression
Negative 8 (40) 24 (80) 30 (60) 0.01 27(54) 19 (63) 9 (90) 7 (70) 8 (80)
(%)
Positive 12 (60) 6 (20) 20 (40) 23 (46) 11 (37) 1 (10) 3 (30) 2(20)
(%)
Siah-1 expression
Negative 5 (25) 19 (63.3) 29 (58) 0.024  31(62) 21 (70) 7 (70) 5 (50) 7 (70)
(%)
Positive 15 (75) 11 (36.7) 21 (42) 19 (38) 9 (30) 3 (30) 5 (50) 3 (30)

(%)

4P <0.05.

consistent with the immunohistochemical findings (P < 0.05) (Table 3, Figure 3 and 4).
The relationships between the gene expression levels of Notch-1, Numb, Itch, and
Siah-1 and clinicopathological parameters are presented in Table 4, and the significant
findings are illustrated in Figure 5. The level of Notch-1 gene expression was
significantly higher in poorly differentiated and moderately differentiated tumors than
in well-differentiated tumors (P < 0.05). This level was also 7-fold higher in tumors
with lymph node metastases and 3-fold higher in advanced-stage tumors than in
tumors without lymph node metastasis and in tumors with earlier stages, respectively
(P < 0.05). Moreover, the mean level of Notch-1 gene expression was 8-fold higher in
patients with shorter survival times than in patients who survived for more than 5
years (P < 0.05). Overall, the expression levels of Numb, Itch, and Siah-1 were higher
in well-differentiated tumors (6-fold increase), with lymph node metastasis (8-fold
increase) and at advanced stages (5-fold increase) (P < 0.05). The survival of patients
with higher Numb, Itch, and Siah-1 expression levels was better than that of patients
with a low expression level of these genes (P < 0.05).

Similarly, when cases were grouped according to upregulation and downregulation
of gene expression, upregulation of Notch-1 was more frequently observed in poorly
differentiated tumors, in tumors with lymph node metastasis and in advanced stages.
However, Numb, Itch, and Siah-1 upregulation correlated with better differentiation,
absence of lymph node metastasis, and earlier stages (P < 0.05) (Table 5).
Downregulation of Notch-1 and upregulation of both Numb and Itch were associated
with better prognosis (P < 0.05) (Table 5 and Figure 6). Spearman’s test revealed that
the Notch-1 expression correlated inversely with the levels of Numb (r: -0. 4, P < 0.05),
Itch (r: -0.3, P < 0.05) and Siah-1 (r: -0.8, P < 0.01) expression.

In log-rank univariate analysis, the status of Notch-1, Numb, Itch, and Siah-1
expression and their expression levels, as well as lymph node metastasis and stage,
were found to be significantly associated with survival among CRC patients (Figure 2
and Figure 6). According to Cox regression analysis, lymph node metastasis,
upregulation of Notch, and downregulation of Numb were independent prognostic
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Table 2 Correlations between immunohistochemical expression of Notch, Numb, ltch, and Siah-1 and clinicopathological parameters

ey ) Notch Numb Itch Siah-1

Negative (%) Positive (%) Negative (%) Positive (%) Negative (%) Positive (%) Negative (%) Positive (%)
Age 18 32 30 20 30 20 29 21
6412352 24 8 (44.3) 16 (66.7) 13 (54.1) 11 (45.9) 14 (58.3) 10 (41.7) 16 (66.7) 8 (33.3)
64 £12.35 < 26 10 (38.5) 16 (61.5) 17 (65.3) 9 (34.7) 16 (61.5) 10 (38.5) 13 (50) 13 (50)
Gender
Female 17 6(353) 11 (66.7) 10 (58.8) 7 (41.2) 10 (58.8) 7 (42.2) 7 (41.2) 10 (58.8)
Male 33 12 (36.4) 21 (63.6) 20 (60.6) 13 (39.4) 20 (60.6) 13 (39.4) 22 (66.7) 11 (33.3)
Localization
Caecum 8 3(37.59) 5 (62.5) 6 (75) 2 (25) 5 (62.5) 3 (37.5) 4 (50) 4 (50)
Colon 16 5(313) 11 (68.7) 9 (56.3) 7 (43.7) 8 (50) 8 (50) 10 (62.5) 6 (37.5)
Sigmoid 10 4 (40) 6 (60) 7 (70) 3 (30) 7 (70) 3 (30) 5 (50) 5 (50)
Rectum 16 6 (37.5) 10 (62.5) 8 (50) 8 (50) 10 (62.5) 6 (37.5) 10(50) 6 (50)
Differentiation®
WD 18 16 (88.8) 2 (11.2) 3 (16.6) 15 (83.4) 5 (27.8) 13 (72.8) 8 (44.5) 10 (55.5)
MD 15 1(66) 14 (93.4) 12 (80) 3 (20) 10 (66.7) 5 (33.3) 10 (66.6) 5 (33.4)
PD 17 1(5.8) 16 (94.2) 15 (88.2) 2 (11.8) 15 (88.2) 2 (11.8) 11 (64.8) 6 (35.2)
Invasion
T1 7 6(857) 1 (14.3) 4(57.1) 3 (42.9) 2(28.5) 5 (71.5) 3 (48.3) 4(517)
T2 10 6 (60) 4 (40) 7 (70) 3 (30) 7 (70) 3 (30) 6 (60) 4 (40)
T3 23 4(17.4) 19 (82.6) 12 (52.1) 11 (47.9) 15 (65.2) 8 (34.8) 14 (60.9) 9(39.1)
T4 10 2(20) 8 (80) 7 (70) 3 (30) 6 (60) 4 (40) 6 (60) 4 (40)
LNM*
Absent 17 1(53) 17 (94.7) 5 (29.4) 12 (70.6) 7 (41.1) 10 (58.9) 4(23.6) 13 (76.4)
Present 33 17 (61.39) 21(38.7) 25 (75.8) 8 (24.2) 23 (69.6) 10 (30.4) 25 (75.8) 8 (24.2)

Lymphatic invasion

Absent 37 17 (45.9) 20 (54.1) 22 (59.4) 15 (40.6) 23 (62.1) 14(37.9) 25 (67.6) 12 (32.4)
Present 13 1(7.6) 12 (92.4) 8 (61.5) 5 (38.5) 7 (53.8) 6(45.2) 4 (30.8) 9 (69.2)
Vascular invasion

Absent 42 16 (38.1) 26 (61.9) 25 (61.9) 17(38.1) 27 (64.3) 15 (35.7) 26 (61.9) 16 (38.1)
Present 8 2(25 6 (75) 5 (62.5) 3 (37.5) 3 (62.5) 5 (37.5) 3 (37.5) 5 (62.5)

Perineural invasion

Absent 31 11(354) 20 (64.6) 21 (67.7) 10 (32.3) 20 (64.5) 11 (35.5) 18 (58.1) 13 (41.9)
Present 19 7(36.8) 12 (63.2) 9 (47.4) 10 (52.6) 10 (52.6) 9 (47.4) 11 (57.9) 8 (42.1)
Stage’

1+2 24 13 (54.1) 11 (45.9) 8 (33.4) 16 (66.6) 10 (41.6) 14 (58.4) 10 (41.7) 14 (58.3)
3+4 26 5(19.2) 21 (80.8) 22 (84.6) 4(15.4) 20 (76.9) 6(23.1) 19 (73.1) 7 (26.9)

Distant metastasis

Absent 26 8(30.7) 18 (69.3) 15 (57.6) 11 (42.4) 13 (50) 13 (50) 15 (57.7) 11(42.3)
Present 24 10 (41.6) 14 (58.4) 15 (62.5) 9 (37.5) 17 (70.8) 7(29.2) 14 (58.4) 10 (41.6)
Survival (mo)®

60.62 + 26.68 > 26 2(7.6) 24 (92.4) 20 (76.9) 6(23.1) 22 (84.6) 4(15.4) 19 (73.1) 7 (26.9)
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60.62 +26.68 < 24 16 (66.6) 8 (33.4) 10 (41.7) 14 (58.3) 8 (33.4) 16 (66.6) 10 (41.7) 14 (58.3)

2P < 0.05. WD: Well-differentiated; MD: Moderately differentiated; PD: Poorly differentiated; LNM: Lymph node metastasis.

Table 3 Distribution of Notch-1, Numb, Itch, and Siah-1 expression levels assessed by qPCR analysis in adenoma and carcin

groups

Gene expression levels Adenomas Carcinomas P value
Notch

mean + SD 3.1016 + 1.0452 10.2628 + 5.8043 0.03
Median 2.6992 1.5305

Normal (%) 0 12 (24) 0.0001
(1) (%) 15 (50) 22 (44)

(1) (%) 15 (50) 16 (32)

Numb

mean + SD! 8.1362 + 1.6299 2.3153 +2.2267 0.03
Median 4.0287 -2.2616

Normal (%) 4(13.3) 0 0.0001
M) (%) 18 (60) 24 (58)

() (%) 8 (26.7) 26 (52)

Itch

mean + SD 9.2899 + 2.7369 2.1982 £ 1.0461 0.006
Median 2.0422 1.5933

Normal (%) 11 (36.7) 12 (32) 0.0001
M) (%) 15 (50) 18 (38)

(1) (%) 4(13,3) 20 (30)

Siah-1

mean + SD 5.9024 + 1.18671 0.8358 + 1.3831 0.03
median 1.4031 -2.0322

Normal (%) 6 (20) 10 (20) 0.001
M) (%) 11 (36.7) 13 (26)

() (%) 13 (43.3) 27 (54)

IFold increase 22, (1): Upregulation; (|): Downregulation.

factors (Table 6).

DISCUSSION

In this study, Notch-1 gene and protein expression levels were higher in carcinoma
and adenomas than in control tissues, and the expression differences among these
three groups were significant. Our observation is not surprising, given the previous
clinical and experimental data demonstrating the relationship of the Notch pathway
with carcinogenesis in the colon”*?. In CRC, expression of Notch-1, its ligand Jagged-1
and its target genes Hes-1 and Hey-1 is significantly higher than in normal
mucosa®™*, and expression of Notch-1 and its ligands is also higher in precancerous
conditions, such as inflammatory bowel diseases, than in the healthy colon™. In
adenomas of adenomatous polyposis coli gene (APC)-mutant mice, y-secretase
inhibitors that suppress the Notch pathway promote goblet cell differentiation while

Bishidengs WIG | https://www.wjgnet.com 3820 July 14,2020 | Volume26 | Issue26 |



Gonulcu SC et al. Notch-1, Numb, Itch and Siah-1 in colon tumors

Table 4 Mean and median values of relative gene expression levels of Notch-1, Numb, ltch and Siah-1 in tumors with different

clinicopathological parameters (qPCR analysis)

Notch-1 Numb Itch Siah-1
Parameters n

mean£SD'  Median mean+SD  Median mean+SD  Median mean+SD  Median
Age
64 +£12.35> 24 11.23 £5.23 -1.18 1.08 £1.03 -1.03 1.73 £2.34 -1.22 0.81 +£0.32 -1.22
64+12.35< 26 9.20+4.34 1.67 3.28+4.32 -2.26 335+1.64 1.99 0.85 £ 0.42 -2.99
Gender
Female 17 10.21 + 6.02 1.38 1.74+1.34 -243 1.93+1.34 1.35 0.23£0.03 -3.19
Male 88] 10.58 £5.03 1.67 3.42+3.42 4.67 2.70 £2.10 -1.21 2.00+0.93 -1.22
Localization
Caecum 8 13.10 £5.23 12.39 117 £1.45 1.31 1.85+1.62 243 240+1.11 0.41
Colon 16 7.99+7.32 -1.50 2.60+£2.34 1.20 3.33+£2.03 2.30 0.26 £ 0.23 -2.56
Sigmoid 10 15.03 £ 6.23 20.79 3.69 +2.45 3.03 -1.03+0.3 -1.75 -0.77 £0.22 -1.49
Rectum 16 8.37 £3.41 1.16 1.72 £1.65 -2.96 2.63+1.22 1.67 1.62 £0.51 -3.48
Differentiation”
WD 18 3.92+245 -3.08 6.64 +3.46 9.92 5.26 +2.42 7.05 3.67+1.53 -1.22
MD 15 9.85+4.46 21.67 1.26 +1.04 -2.26 -1.20+0.84 -241 -1.66 £ 0.66 -3.24
PD 17 17.28 £9.03 2254 -3.62£1.81 -4.45 -0.03 £ 0.01 -1.86 -1.91 £ 0.65 -4.21
Invasion
T1 7 B3 = 5B -7.70 9.40+4.72 14.62 10.04 £ 5.80 12.06 2.75+1.36 -3.89
T2 10 10.01 £ 6.82 4.45 3.63+245 -3.06 1.41 £ 0.56 -2.26 1.43 £0.92 -3.86
T3 23 11.38 £7.02 1.67 1.63 +1.85 -2.26 1.39+0.8 -1.91 1.87+£0.23 -1.16
T4 10 11.75 £ 6.88 9.59 -2.40 £2.03 -3.39 -1.65+£0.3 -1.51 -3.51+£1.48 -2.94
LNM*
Absent 17 245 +2.67 -4.54 8.66 +4.82 13.40 5.91+£2.20 7.84 5.77 +£2.81 -1.16
Present 33 15.17 + 6.89 19.90 -1.57 £1.24 -2.35 -1.07 £ 0.51 -1.65 -2.19 £1.08 -3.54
Lymphatic invasion
Absent 37 10.84 £ 6.36 1.67 1.54 £3.42 -2.26 1.68 £ 0.83 1.35 0.45+0.23 -3.19
Present 13 8.92+5.32 1.38 4.51+3.83 3.79 3.67+1.43 1.38 1.90 £ 0.92 -1.35
Vascular invasion
Absent 42 11.77 £ 8.43 1.67 1.92+1.65 -2.26 1.44 +£0.96 1.07 -0.48 £0.28 -3.22
Present 8 12.96 £7.32 -2.98 9.63 £5.32 13.13 6.17 £3.02 5.66 7.77 £3.82 5.50
Perineural invasion
Absent 31 8.92+5.32 -1.01 2.58 +2.48 -2.26 2.86+1.32 2.00 1.22+0.32 -3.22
Present 19 12.65 + 6.02 17.79 1.87 £1.82 2.27 117 £0.61 -1.21 0.20 + 0.80 5.50
Stage”
1+2 24 4.45 +4.02 -9.81 12.85 £ 5.63 7.53 5.24+231 6.89 1.24+£0.51 -1.64
3+4 26 15.78 £7.94 -8.25 9.72+4.63 -2.29 -1.61 £0.22 -1.88 0.21 +0.03 -2.42
Distant metastasis
Absent 26 9.83+7.34 -1.18 3.42+1.86 1.99 3.17+1.24 1.77 0.99+0.23 -2.45
Present 24 10.89 £ 6.53 1.67 111 £1.02 -2.86 1.14 £0.82 -1.15 0.66 +0.23 -2.02
Survival (mo)*
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60.62 + 26.68 = 26 17.16 + 6.04 21.22 -5.47 £2.24 -4.90 -2.03 £1.06 -2.47 -4.63 £2.07 -4.05
60.62 * 26.68 < 24 2.95+2.02 -5.33 10.75 £5.21 13.13 6.78 £2.83 8.51 6.76 = 3.15
4P <0.05.

IFold increase (24%"). WD: Well-differentiated; MD: Moderately differentiated; PD: Poorly differentiated; LNM: Lymph node metastasis.
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reducing cell proliferation™!. In addition, in both familial adenomatous polyposis and
adenomas, upregulation of genes that function in the Notch pathway, including
Notch-1, as well as the relationship between Notch-1 to Wnt-p-catenin are notable
findings demonstrating the role of Notch-1 in tumor development™*. Our findings,
together with all these data, support the role of Notch signaling in CRC carcinogenesis.

To date, the relationship between tumor behavior and the Notch pathway in CRC
has been investigated in many studies. Although Notch-1 has been shown to be
associated with aggressive tumor characteristics, there are some inconsistencies among
the results of these studies. In some studies, Notch-1 expression has been found to be
associated with grade®, lymph node metastasis”’, and advanced stage’, similar to
our findings; other studies have reported that Notch-1 expression is related to the
presence of distant metastasis’*! and lymphatic and vascular invasion™l. These
different results may be explained by differences in the number of cases and in the
techniques and antibodies used to detect Notch-1. In our study group, Notch-1
expression was associated with a poor prognosis: 25% of the patients with high Notch
expression (32 cases) survived 5 years, but this rate was 88.8% in the group without
Notch expression (18 cases). Moreover, multivariate analysis revealed Notch-1 to be an
independent prognostic factor. Overall, the number of studies demonstrating that
Notch-1 expression is associated with poor prognosis (although not identified as an
independent prognostic factor in all of these studies) is considerably higher than those
showing that it is not!*]. Despite the relatively small number of cases in the present
study, our results support that Notch-1 expression plays a role in determining
aggressive tumor behavior in CRC and a poor prognosis.

In contrast to Notch-1-related findings, Numb expression levels gradually decreased
from normal tissue to carcinoma in our samples, and the difference between the
groups was significant. Accumulated evidence indicates that Numb, which plays an
essential role in stem cell compartment maintenance and cell fate determination, has
the potential to function in the oncogenesis of many tumors*-*.. However, Numb may
have promoter function in some cancers and a suppressor function in others. For
example, Numb overexpression inhibits tumor growth and the epithelial-
mesenchymal transition in prostate carcinoma, esophageal squamous cell carcinoma,
adenocarcinoma of the lung, and breast cancer!***], but it promotes cell proliferation in
hepatocellular carcinoma and squamous cell carcinoma of the lung!*l. Therefore, the
influence of Numb in oncogenesis might be related to the type of malignancy or the
histological subtype. Although Numb has been studied during carcinogenesis in
various organs due to its effect on Notch signaling, few studies have investigated
variations in Numb expression during human colorectal carcinogenesis, and a vast
majority of the studies investigating changes in Numb expression in colorectal tissues
are experimental studies, particularly those involving carcinoma cell cultures**l. In
intestinal epithelial cells, Numb induces the goblet cell phenotype by inhibiting
Notch"l. In cell culture, inhibition of Numb by several microRNAs (miR-142-3p, miR-
34-a, Musashi-1, and 2) induces stemness and proliferation of cancer cells. Parallel to
our study, Zhao efal*l reported that expression of Numb in CRC tissues was
significantly lower than that in the adjacent normal intestinal mucosa, suggesting that
Numb may exert a suppressor function in the development of CRC. Interestingly,
these researchers also observed that splice variants of Numb might have different
effects on colorectal carcinogenesis. In a study by Meng et al'*’l, Notch-1 expression was
detected in patients with colon cancer, but Numb levels were decreased. To the best of
our knowledge, no study has evaluated Numb expression in adenoma tissues. In our
study, expression levels of Numb decreased significantly from adenomas to CRC.
When all these data are evaluated together, our findings support that loss of Numb
expression contributes to colorectal carcinogenesis.

The present study revealed that Numb expression is higher in well-differentiated
tumors, at earlier stages, and in patients without lymph node metastases, in contrast to
the findings for Notch-1. Numerous experimental studies have shown that Numb
protein expression is associated with cell differentiation in both normal tissues and
tumors, concluding that it is a determinant of cell fatel"*l. Similar findings have been
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Table 5 Correlations between expression levels of Notch, Numb, Itch, and Siah-1 and clinicopathological parameters in colorectal carcinoma

Levels Notch Numb Itch Siah-1
S n () (1) (1) () (1 () (1) (1) () (1) (1)
12 16 22 26 24 16 19 15 10 27 13

Age
64 +12.353 2 22 7 (31.8) 4(18.2) 11 (50) 12 (54.5) 10 (45.5) 7 (31.8) 6(27.3) 9 (40.9) 4(182) 13 (59.1) 5(22.7)
64 +12.353 < 28 5 (17.9) 12 (42 9) 11 (39.3) 14 (50) 14 (50) 5 (17.9) 12 (42.9) 11(39.3) 6 (21.4) 14 (50) 8 (28.6)
Gender
Female 17 3 (17.6) 5(29.5) 9 (52.9) 17 (51.5) 16 (48.5) 6 (35.3) 7 (41.2) 4(234) 3 (17.6) 10 (58.8) 4(235)
Male 33 9 (27.3) 11 (33.3) 13 (39.4) 9 (52.9) 8 (47.1) 6 (18.2) 11 (33.3) 16 (48.5) 7 (21.2) 17 (51.5 9(27.3)
Localisation
Caecum 8 1(12.5) 3 (37.5) 4 (50) 4 (50) 4(50) 0 3 (37.5) 5 (62.5) 2(25) 4 (50) 2(25)
Colon 16 3 (18.8) 3 (18.8) 10 (62.5) 9 (56.2) 7 (43.8) 5 (31.2) 5 (31.2) 6 (37.5) 3 (18.8) 9 (56.2) 4(25)
Sigmoid 16 7 (43.8) 7 (43.8) 2 (12.5) 6 (60) 4 (40) 3 (30) 3 (30) 4 (40) 2 (12.5) 10 (62.5) 4(25)
Rectum 10 1(10) 3 (30) 6 (60) 7 (43.8) 9 (56.2) 4 (25) 7 (43.8) 5(31.2) 3 (30) 4 (40) 3 (30)
Differentiation
WD MD 2413 6(25)4(30.7) 13 (541)2(153) 5(20.9)7(54) 8(333)8(61.5) 16(66.7)5(385) 5(20.8)3(23.1) 5(20.8)5(385) 14(583)5(385) 7(292)2(1549 7(29.2)10 (76.9) 10 (41.7)1(7.7)
PD 13 2 (15.4) 1(7.7) 10 (76.9) 10 (76.9) 3(23.1) 4 (30.8) 8 (61.5) 1(7.7) 1(7.7) 10 (76.9) 2 (15.4)
Invasion
T1 7 1(14.3) 1(14.3) 5 (71.4) 1(14.3) 6 (85.7) 2 (20) 0 5 (71.4) 2 (28.6) 3 (42.9) 2 (28.6)
T2 10 3 (30) 3 (30) 4 (40) 6 (60) 4 (40) 2 (20) (30) 5 (50) 1 (10) 5 (50) 4 (40)
T3 23 6 (26.1) 7 (30.4) 10 (43.5) 15 (65.2) 8 (34.8) 5(21.7) 11 (47.8) 7 (30.4) 5(21.7) 5 (50) 4(17.4)
T4 10 2(20) 5 (50) 3 (30) 4 (40) 6 (60) 24 (30) 18 (36) 20 (40) 2 (20) 5 (50) 3 (30)
LNM*
Absent 19 3 (15.8) 13 (68.4) 3 (15.8) 6 (31.6) 13 (68.4) 5 (26.3) 2 (10.5) 12 (63.2) 6 (31.6) 5 (26.3) 8 (42.1)
Present 31 9 (29) 3(9.7) 19 (61.3) 20 (64.5) 11 (35.5) 7 (22.6) 16 (88.9) 8 (25.8) 4(12.9) 22 (71) 5 (16.1)
Lymphatic invasion
Absent 37 11(29.7) 13 (35.1) 13 (35.1) 20 (54.1) 17 (45.9) 7(18.9) 13 (35.1) 17 (45.9) 7 (18.9) 24 (64.9) 6(16.2)
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Present 13

Vascular invasion

Absent 42

Present 8

Perineural invasion

Absent present 31
19

Stage”

1+2 24

3+4 26

Distant metastasis

Absent 26

Present 24

Survival (mo)*

60.62 +26.68 > 26

60.62 +26.68 < 24

1(7.7)

12(28.6)

6 (19.4)

6 (31.6)

8(33.3)

4(15.4)

7(26.9)

12(20.8)

11 (423)

1(42)

3(23.1)

14(33.3)

2 (25)

12 (38.7)

4(21.1)

15 (62.5)

1(11.6)

8 (30.8)

8(33.3)

16 (66.6)

9(69.2)

16 (38.1)

6 (75)

13 (41.9)

9 (47.4)

9(4.2)

19(73)

11 (42.3)

11 (45.8)

15 (57.7)

7(29.2)

6 (46.2) 7 (53.8) 5 (38.5) 5 (38.5) 3(231) 3(231)
23 (54.8) 19 (45.2) 8 (19) 16 (38.1) 18 (42.9) 8(19)
3 (37.5) 5 (62.5) 4 (50) 2 (25) 2 (25) 2 (25)
15 (48.4) 16 (51.6) 8 (25.8) 10 (32.3) 13 (41.9) 5(16.1)
11 (57.9) 8 (42.1) 4(21.1) 8 (42.1) 7 (36.8) 5(26.3)
7(29.2) 17 (70.8) 5 (20.8) 4(16.7) 15 (62.5) 7(29.2)
19 (73.1) 7 (26.9) 7(26.9) 14 (53.8) 5(19.1) 3 (115)
11 (42.3) 15 (57.7) 7(26.9) 7 (26.9) 12 (46.2) 4(15.4)
15 (62.5) 9(37.5) 5 (20.8) 11 (45.8) 8(33.3) 6 (25)
22 (84.6) 4 (15.4) 7(26.9) 15 (57.6) 4 (42.4) 4(155)
4(16.7) 20 (83.3) 5 (20.8) 3 (12.5) 16 (87.5) 6 (25)

3(23.1)

25 (59.5)

2 (25)

17 (54.8)

10 (52.6)

9 (37.5)

18 (69.2)

16 (61.5)

11 (45.8)

21 (80.7)

6 (25)

7 (53.8)

9 (21.4)

4 (50)

9 (29)

4(21.1)

8(33.3)

5(19.2)

6(23.1)

7(39.2)

1(3.8)

12 (50)

P < 0.05. Downregulation of Notch and upregulation of Numb, Itch, and Siah-1 are associated with better prognosis. (1): Upregulation, (|): Downregulation; WD: Well-differentiated; MD: Moderately differentiated; PD: Poorly

differentiated; LNM: Lymph node metastasis.
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obtained in experimental studies involving CRC cell culture. Indeed, many
microRNAs that induce stemness and aggressive behavior in CRC stem cells stabilize
[-catenin through Numb repressiont**1. A recent study demonstrated that low Numb
serum levels are associated with cetuximab resistance and worse prognosis in patients
with CRC, suggesting that Numb is a contributor to the prevention of tumor
aggression’l. In another, Numb expression was investigated in patients with CRCH,
and similar to our data, Numb expression was found to be reduced in patients with
lymph node metastasis, deeper invasive tumors, and at a more advanced stage, though
the difference was not significant.

Nonetheless, our study revealed a significant inverse correlation between these
parameters and Numb expression. Although our results need to be supported by
further studies in larger patient series, the results show that Numb plays a role in
preventing aggressive tumor behavior in CRC. To the best of our knowledge, the
relationship between Numb expression and survival in CRC has not been investigated
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Table 6 Independent prognostic factors according to Cox regression analysis

Parameter Regression coefficient P value Relative risk
LN metastasis 2.406 0.001 11.088

Notch expression levels 1.579 0.03 3.677

Numb expression levels -1.166 0.01 0.561

D
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Figure 1 Notch (A1, B1 and C1), Numb (A2, B2 and C2), Itch (A3, B3 and C3), and Siah-1(A4, B4 and C4) immunohistochemical
expression in the three groups. Expression of Notch is higher in CRCs (C1-4), and that of Numb Itch and Siah-1 is higher in adenomas (B1-4) and controls

(A1-4).
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to date. Our results indicate that loss of Numb expression is an independent
prognostic factor and predictor of poor prognosis in CRC.

In our study, Itch gene expression was normal in all healthy colon mucosa samples.
In adenomas, Itch levels were decreased, paralleling Numb gene expression, and we
observed an inverse correlation between Itch and Notch-1 gene expression. The
frequency of cases with low Itch gene expression was higher in the adenocarcinoma
group, and our immunohistochemical evaluation revealed similar correlations. This
finding is in line with the results of several studies in which Itch was shown to induce
activity of the Numb protein, thereby acting as a suppressor of Notch-1 expression and
leading to a reduction in its level®!. Although there are few studies investigating Itch
expression in the colon, in an elegant study by Kathania et al], Itch-depleted animals
showed increased inflammation in the colon, increased proinflammatory cytokines,
and a tendency to develop cancer associated with colitis. Interestingly, in the same
study, it was noted that the effect of Itch on homeostasis in the small intestine differed,
suggesting organ-specific effects in the gastrointestinal tract. In another study, Huang
et al found less frequent expression of Itch in colorectal carcinoma than in normal
tissue in 45 cases, and it was concluded that Itch can suppress carcinogenesis by
suppressing the Wnt-p catenin pathway. These findings, together with our findings,
suggest that loss of Itch expression participates in colorectal carcinogenesis via the
Notch-1-Numb axis.

The study presented herein revealed that similar to Numb, increases in Itch
expression and upregulation are associated with better characteristics of tumor
behavior and better survival in CRC. Recent studies investigating the role of Itch in
tumors of different organs have reported different results™!. For instance, some
investigators have observed that Itch has a role in treatment resistance and poor
prognosis, and the use of Itch inhibitors due to its interaction with p63 and p73,
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Figure 2 Survival of patients according to Notch (A), Numb (B), Itch (C), and Siah-1 (D) immunohistochemical expression, lymph node
metastasis (E), and stage (F). Survival of patients with Notch expression is shorter than that of those without Notch expression. In contrast, expression of Numb,

Itch, and Siah-1 is related to better survival.
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especially in tumors without functional p53, has been proposed .. Because Itch is
associated with many pathways, including Notch-1 signaling, researchers have
suggested that not only its inhibition but also its stimulation can be used in some
cancers. Peng et al™ demonstrated that lithium exerts its antitumor effect via Itch
stimulation in pancreatic cancer. In general, neither the role of Itch as a potential
treatment target nor its role in tumor behavior has been completely clarified. The effect
of Itch in the colon has been investigated owing to its association with IL-17, which
plays a role in colorectal inflammation and carcinogenesis®. Unfortunately, we could
not find any studies in the literature examining the relationship between Itch
expression and CRC tumor behavior and survival for a comparison with our results.
Only one recent study was found, demonstrating that a decrease in circ-Itch, a
circulating antitumor-acting RNA that affects the function of Itch, is associated with a
poor prognosis in patients with CRCF. The current data suggest that loss of Itch
expression is associated with a poor prognosis and aggressive tumor behavior in CRC,
warranting further large-scale studies.

In our study group, Siah-1 was expressed more frequently in healthy mucosa, and
similar to Numb and Itch, its gene expression was normal. However, Siah-1
expression, as detected by immunohistochemistry, and its gene expression level, as
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Figure 3 Relative gene expression levels of Notch, Numb, Itch, and Siah-1 in 50 patients diagnosed with colorectal carcinoma (qPCR

analysis).
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Figure 4 Levels of Notch, Numb, Itch, and Siah-1 expression in adenomas and carcinomas. Expression levels of Notch are higher in colorectal
carcinoma; in contrast, expression levels of Numb, Itch, and Siah-1 are higher in adenomas (QPCR analysis).
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determined by molecular methods, were decreased in adenomas compared to the
control group, and this decrease was more pronounced in the adenocarcinoma group.
Unfortunately, the relationship between Siah-1 and colorectal carcinogenesis and
tumor behavior has not been addressed in any study to date. In a few early studies,
data suggesting that Siah-1 may act as a stimulator of Notch-1 due to its ability to
target Numb for degradation!”l. However, the results of subsequent studies have
shown that the effect of Siah-1 is not limited to Numb and Notch and that it also plays
a role in Ras and hypoxia pathways. More notably, Siah-1 plays an active role in the
degradation of B-catenin, which is constitutively activated in the development of most
CRC (90%)™.. Siah-1 interacts with the carboxyl terminus of APC, recruiting the
ubiquitination complex and promoting the degradation of B-catenin in the E3
ubiquitin ligase complex. Although further studies should be carried out to test this
hypothesis, in light of all these data, our results suggest that Siah-1 is involved in
Notch-1 suppression, rather than its stimulation, in colorectal carcinogenesis.

Among our cases, loss of and downregulation of Siah-1 expression were associated
with aggressive tumor behavior and poor prognosis, similar to Numb and Itch and in
contrast to Notch-1 expression. At present, data on the potential use of Siah-1 as a
prognostic marker and as a therapeutic target vary depending on the organ and even
according to different histological types of tumors of the same organ!*'. However, in
addition to its relationship with Notch-1, numerous studies have shown that Siah-1 is
involved in pB-catenin degradation, which supports evidence that Siah-1 has a tumor-
suppressor role. Indeed, an experimental study in CRC demonstrated that Siah-1
interacts with the APC gene and degrades [-catenin'”. Regardless, to the best of our
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knowledge, no study has investigated the relationship between Siah-1 expression and
the clinicopathological parameters of and survival in CRC patients. Our results
suggest that Siah-1 expression plays an important role in the negative regulation of
CRC progression, and our data are not consistent with the findings that Siah-1 induces
Notch-1 by inhibiting Numb. In contrast to the negative correlation of Siah-1 with
Notch-1, its positive association with Numb and Itch indicates that in CRC, its effect is
not limited to Notch-1 induction and also involves other pathways.

In conclusion, this preliminary study indicates that overexpression of Notch-1, as
well as loss of Numb, Itch, and Siah-1 expression, contributes to colorectal
carcinogenesis. In patients with CRC, Notch-1 expression is associated with aggressive
tumor behavior and is an independent adverse prognostic marker. In our study group,
decreased Numb expression supports the findings that loss of Numb expression in
CRC is a determinant of aggressive tumor behavior, indicating that it is an
independent prognostic parameter. Similar to Numb, reductions in Itch and Siah-1
expression are associated with aggressive tumor behavior and prognosis in CRC.
Positive relationships between Numb, Itch, and Siah-1 and their inverse correlation
with Notch-1 expression indicate that these proteins are involved in the Notch
pathway during CRC progression. Finally, Numb, Itch, and Siah-1 may be useful in
determining the progression of CRC and are also potential new therapeutic targets.
However, our results should be supported by further studies involving large numbers
of cases. Another essential factor to be considered is that this study was conducted
only using samples from patients diagnosed with adenocarcinoma, NOS. Therefore,
the relationship between Notch-1, Numb, Itch, and Siah-1 expression and their impacts
on carcinogenesis and tumor behavior should be investigated in other histological
subtypes of CRC as well as their precursors, particularly in subtypes with a more
aggressive course, such as serrated carcinoma.
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ARTICLE HIGHLIGHTS

Research background

The advances in immunohistochemical and molecular techniques in recent years,
many studies have been carried out, aiming to determine new targets that can be
useful in the treatment as well as predicting colorectal carcinoma (CRC) behavior. In
this context, the role of Notch-1 in oncogenesis, tumor behavior, and survival have
been investigated in recent studies with different results.

Research motivation

The contribution of Numb, Itch and Siah-1 in the Notch pathway is documented. On
the other hand, the roles of Numb, Itch and Siah-1 expression in colorectal
carcinogenesis and their relationship to tumor behavior, survival, Notch-1 expression
have not been evaluated.

Research objectives

In this preliminary study, we aimed to evaluate the expression of Numb, Itch, and
Siah-1 in colorectal tumors to clarify their relationship with Notch-1 expression and
their role in carcinogenesis and tumor behavior.

Research methods

We retrospectively investigated the expression of Notch, Numb, Itch and Siah-1 in 50
colorectal adenocarcinomas, 30 adenomas, and 10 healthy colon tissue by
immunohistochemistry and quantitative real-time PCR analysis. Data were analyzed
by the ¥ test, t-test and Spearman’s correlation test. Survival probability curves were
calculated using the Kaplan-Meier method. A Cox proportional hazards regression
model was applied for multivariate analysis. A P value < 0.05 was considered to be
significant.
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Research results

Notch-1 staining was more frequent in CRC than in adenomas and controls. However,
the frequency of Numb, Itch, and Siah-1 staining was higher in controls and
adenomas. While the expression of Notch-1 was more frequently observed in tumors
with poor histological grade, lymph node metastasis, and an advanced stage, the
expression of Numb, Itch, and Siah-1 was more frequent in tumors with well-
differentiated morphology, without lymph node metastasis, and at an earlier stage.
Although the survival of patients with Notch-1 expression was shorter than that
among those without Notch-1 expression, Numb, Itch, and Siah-1 expression was
related to better survival. Similarly, it was noted that the gene expression levels of
Notch, Numb, Itch and Siah-1 were in line with the results of the
immunohistochemical evaluation. The status of Notch-1, Numb, Itch, and Siah-1
expression and their expression levels, as well as lymph node metastasis and stage,
were found to be significantly associated with survival. Cox regression analysis
revealed that lymph node metastasis, upregulation of Notch, and downregulation of
Numb were independent prognostic factors. The Notch-1 expression correlated
inversely with the levels of Numb, Itch and Siah-1 expression.

Research conclusions

Our findings support the role of Notch-1 in CRC and indicate that loss of Numb, Itch,
and Siah-1 expression is associated with carcinogenesis. Our data also highlight that
Numb, Itch, and Siah-1 might contribute to the Notch-1 signaling pathway during
CRC progression. Therefore, these three proteins might be key in possible therapies
targeting Notch-1 in the treatment of CRC.

Research perspectives

In CRC, Numb, Itch and Siah-1 contribute to carcinogenesis and tumor behavior. In
contrast to Notch-1, the relationship of Numb, Itch and Siah-1 expression with better
prognostic parameters and improved survival can make them a potential therapeutic
target. In this regard, further studies in large patient series and cell cultures can
provide comprehensive information on the efficacy of the Notch pathway in therapy.
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Abstract

BACKGROUND
Helicobacter pylori (H. pylori) infection has been associated with a long-term risk of
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precancerous gastric conditions (PGC) even after H. pylori eradication.

AIM
To investigate the efficacy of High-Resolution White-Light Endoscopy with
Narrow-Band Imaging in detecting PGC, before/after H. pylori eradication.

METHODS

We studied 85 consecutive patients with H. pylori-related gastritis with/without
PGC before and 6 mo after proven H. pylori eradication. Kimura-Takemoto
modified and endoscopic grading of gastric intestinal metaplasia classifications,
were applied to assess the endoscopic extension of atrophy and intestinal
metaplasia. The histological result was considered to be the gold standard. The
Sydney System, the Operative-Link on Gastritis-Assessment, and the Operative-
Link on Gastric-Intestinal Metaplasia were used for defining histological gastritis,
atrophy and intestinal metaplasia, whereas dysplasia was graded according to
World Health Organization classification. Serum anti-parietal cell antibody and
anti-intrinsic factor were measured when autoimmune atrophic gastritis was
suspected.

RESULTS

After H. pylori eradication histological signs of mononuclear/polymorphonuclear
cell infiltration and Mucosal Associated Lymphoid Tissue-hyperplasia,
disappeared or decreased in 100% and 96.5% of patients respectively, whereas the
Operative-Link on Gastritis-Assessment and Operative-Link on Gastric-Intestinal
Metaplasia stages did not change. Low-Grade Dysplasia prevalence was similar
on random biopsies before and after H. pylori eradication (17.6% vs 10.6%, P =
0.19), but increased in patients with visible lesions (0% vs 22.4%, P < 0.0001). At a
multivariate analysis, the probability for detecting dysplasia after resolution of H.
pylori-related active inflammation was higher in patients with regression or
reduction of Mucosal Associated Lymphoid Tissue hyperplasia, greater alcohol
consumption, and anti-parietal cell antibody and/or anti-intrinsic factor positivity
[odds ratio (OR) = 3.88, 95% confidence interval (CI): 1.31-11.49, P = 0.01; OR =
3.10, 95%CI: 1.05-9.12, P = 0.04 and OR = 5.47, 95%CI: 1.33-22.39, P < 0.04,
respectively].

CONCLUSION

High-Resolution White-Light Endoscopy with Narrow-Band Imaging allows an
accurate diagnosis of Low-Grade Dysplasia on visible lesions after regression of
H. pylori-induced chronic gastritis. Patients with an overlap between
autoimmune/ H. pylori-induced gastritis may require more extensive gastric

mapping.

Key words: Autoimmune gastritis; Dysplasia; Diagnosis; Malignancy; Gastric cancer;
Symptoms; Signs

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Helicobacter pylori (H. pylori) infection is commonly responsible for
precancerous gastric conditions. Heterogeneous long-term endoscopic follow-up studies
(2-16 years), have shown conflicting results on the efficacy of H. pylori eradication in
reducing the prevalence and histological progression of advanced precancerous gastric
conditions. High-Resolution white-light endoscopy combined with narrow-band imaging
allows for a more accurate diagnosis of gastric low-grade dysplasia when performed soon
after H. pylori eradication. Subjects with an overlap between autoimmune and H. pylori-
induced chronic gastritis should be considered to be at a higher risk for more severe gastric
injury and they may require more extensive gastric mapping.

Citation: Panarese A, Galatola G, Armentano R, Pimentel-Nunes P, Ierardi E, Caruso ML,
Pesce F, Lenti MV, Palmitessa V, Coletta S, Shahini E. Helicobacter pylori-induced
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INTRODUCTION

Helicobacter pylori (H. pylori) infection has been associated with premalignant gastric
conditions (PGC), such as chronic atrophic gastritis and intestinal metaplasia (IM),
which are strongly associated with dysplasia and Lauren intestinal-type of gastric
carcinoma (GC)'/l. Autoimmune atrophic gastritis (AAG) is responsible for
progressive mucosal atrophy (antrum-sparing) with or without IM¥l. Many studies
have attributed gastric carcinogenesis to both genetic predisposition and H. pylori-
induced gastric inflammation”"l. H. pylori strains possessing higher cytotoxicity that
infect genetically predisposed subjects have been considered responsible for more
severe degrees of inflammation and rapid progression to intestinal-type GC!,
Nowadays, PGC detection and surveillance are considered a cost-effective strategy for
the prevention of high-grade dysplasia and GC only in intermediate or high-risk
populations!’l. Heterogeneous long-term endoscopic follow-up studies, with a duration
of between 2-16 years, have shown conflicting results on the efficacy of H. pylori
eradication in reducing the prevalence and histological progression of advanced PGC,
and in decreasing GC incidencel”**\. The current European guidelines recommend H.
pylori eradication in high-risk subjects”***1. Nevertheless, even after H. pylori
eradication, the risk for PGC may remain or even increase in patients undergoing
long-term surveillance”*.

A high-quality upper endoscopy should include at least five non-targeted biopsies
at the lesser and greater curvatures of the antrum-corpus and at the incisura angularis
for H. pylori infection diagnosis and the optimal detection and staging of advanced
PGC, which are randomly distributed across the stomach**1. Additional targeted
biopsies of any visible lesions are recommended, since low-grade dysplasia (LGD) and
high-grade dysplasia (HGD) may appear as endoscopically evident, depressed, flat, or
raised lesions!”***1,

The Sydney System, the Operative-Link on Gastritis-Assessment (OLGA) and the
Operative-Link on Gastric-Intestinal Metaplasia (OLGIM) classifications are commonly
used to evaluate the histological inflammation and activity due to mononuclear and
polymorphonuclear cells infiltration, as well as atrophy and IM, whereas dysplasia is
commonly graded according to the World Health Organization classification™**!l.
During white-light endoscopy (WLE), the Kimura-Takemoto modified classification
has been used to assess the extension of atrophy™. Several studies showed that
magnification chromoendoscopy (CE) and narrow-band imaging (NBI) with or
without magnification performed by expert endoscopists could be more accurate than
WLE alone in diagnosing PGC, although random biopsies may detect PGC otherwise
undetectable by NBI targeted biopsies. Thus, a combination of both random-WLE and
targeted-NBI biopsies is suggested as the most accurate”*~"l. More recent some
investigators created and validated a simplified NBI classification, with magnification
[(endoscopic grading of gastric intestinal metaplasia (EGGIM)], using reproducible
NBI features (based on endoscopic mucosal and vascular patterns)”! of the whole
gastric mucosa, with an accuracy (resulting from a multicentre study) of 73%, 87% and
92%, for H. pylori-infection, IM and dysplasia diagnosis, respectively™.

For patients with an indefinite diagnosis for dysplasia, or with dysplasia resulting
from random biopsies without endoscopic evidence of visible lesions, the current
guidelines suggest an “immediate” endoscopic reassessment with high-resolution
endoscopy with NBI to exclude LGD or HGD on missed visible lesions. This
procedure revises what was indicated in previous guidelines™, which advised, in such
an event, a delayed endoscopic follow-up within one year after the diagnosis!*!.

On these premises, supposing that dysplastic lesions might be missed on the
background of an active H. pylori related gastritis, we focused on the assessment of the
combined diagnostic performance of high-resolution white-light endoscopy (HR-WLE)
with NBI in detecting PGC, before and 6 mo after H. pylori eradication (primary end-
point). As a secondary aim we considered some clinical factors, autoimmune
laboratory markers, and histopathological features as potential co-factors for the
development of dysplastic lesions.
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MATERIALS AND METHODS

Study design, patient selection and endoscopic follow-up

This is an observational, prospective study performed at the tertiary care center of the
National Institute of Gastroenterology “S De Bellis” (Castellana Grotte, Bari, Italy).
Our research was carried out in compliance with the Declaration of Helsinki and with
routine clinical practice (Clinical Trial Gov number NCT03917836). All the procedures
received local ethics committee approval (Protocol 67/18/CT, 140/18/CE). All
patients gave their written informed consent to take part in the study.

From June 2017 to April 2019, we enrolled 85 consecutive subjects, from a cohort
study of 156 outpatients, who underwent high-resolution gastroscopies with/without
NBI using the Olympus Evis Exera III processor® and Olympus GIF-HQ190®
instruments (Olympus Tokyo, Japan). Figure 1 shows the inclusion and exclusion of
enrolment steps.

For patients with suspected AAG, anti-parietal cell antibody (APCA) and anti-
intrinsic factor (AIF) were measured in serum using indirect immunofluorescence
method and immunoenzimatic assay respectively. APCA antibodies were detected by
NOVA Lite® Stomach Kit (Inova Diagnostics, San Diego, CA, United States) and AIF
antibodies were detected by an automated assay using a Beckman Coulter Unicel DXI
800 (Beckman Coulter Inc., Fullerton, CA, United States).

The endoscopic procedures were performed by two expert endoscopists (more than
200 HRE-NBI per year), one of whom (AP) was present during all procedures as either
operator or supervisor. The statistical review of this study was executed by an
experienced biomedical statistician. Based on previously published data™l, we
calculated the sample size for the analysis of the primary outcome using the function
ss2x2 implemented in the package exact2x2. We examined that 48 patients (24 controls
and 24 treated) would yield a power of 0.82 at a significance level of 0.05. Therefore,
we aimed at enrolling at least 48 patients. The study was completed when the 85
enrolled subjects had been endoscopically reassessed with HR-WLE and NBI, and
with gastric biopsy samples according to the Sydney System™, 6 mo after H. pylori
eradication confirmed by **C-urea breath-test (*C-UBT), in order to identify the
diagnostic yield of HR-WLE with NBI in detecting PGC, during this short surveillance
time.

BC urea breath test was performed under the following conditions: An 8-h fast,
mouth washing before dosing, administration of 75 mg ®C urea in a water solution,
collection of breath samples in two 10-mL glass-sample containers, (at baseline and 20
min) and subjects in a sitting position. The breath samples were analyzed by gas-
chromatography-mass spectrometry (GC-MS; ABCA Sercon Gateway, United
Kingdom). H. pylori infection was considered present if the difference in *C/"C
between baseline value and 20-min value exceeded 40/00.

Inclusion criteria were as follows: Patients = 18 years undergoing upper
gastrointestinal endoscopy for H. pylori-related chronic symptoms (i.e., recurrent
abdominal pain, dyspepsia, or unexplained anemia), with positivity to *C-UBT and
with a histological diagnosis of H. pylori-related gastritis with/without PGC.

Exclusion criteria were as follows: Past GC or gastric related surgery, impossibility
to perform at least five biopsies during endoscopy, relevant comorbidities (cardiac,
respiratory, chronic renal insufficiency, chronic liver disease, and psychiatric
conditions), anticoagulant therapy/coagulation disorders, non-steroidal anti-
inflammatory drugs and/or long-term proton pump inhibitors users, and active
smoking habit. Autoimmune co-morbidities were not considered as exclusion criteria.

A history of H. pylori infection was investigated on the basis of medical records or a
face-to-face clinical examination. During each procedure the qualified endoscopists
performed the biopsies according to the study protocol to ascertain or confirm H. pylori
presence and its related histological alterations. All visible gastric lesions were initially
evaluated by HR-WLE with NBI. In detail, we performed at least five random biopsies
using HR-WLE with NBI, followed by targeted biopsies on endoscopically evident
lesions, suggestive of IM or dysplasia®l. Furthermore, at least five different images
were acquired during gastroscopy by a single expert observer, who was blind to the
final histology, and who predicted the diagnosis of normal mucosa, atrophy, IM, or
dysplasia using the EGGIM classification according to Pimentel-Nunes ef all*’\.

Histopathological characteristics

The histological result was considered as the gold standard for the diagnosis of
dysplasia and IM; all gastric biopsy specimens were independently assessed by two
expert gastrointestinal pathologists (MLC and RA). The Sydney System, and the
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Outpatients suspected for
H. pylori infection (n = 156)

Clinical assessment
Laboratory tests
BC-urea breath-test

Excluded (7 = 56):

H. pylori negative (n = 26)
Coagulation disorders (7 = 3)
Anticoagulant therapy (7 = 2)

Relevant comorbidities (7 = 5)

HR-WLE + NBI + at least 5
random/targeted biopsies
(Sydney system)

Past gastric-related surgery (7 = 1)
NSAIDs and PPI users (7 = 19)

Patients with H. pylori
infection (7 = 100)

Lost at follow-up (7 = 5)
> H. pylori infection not
confirmed on histology (7 = 5)

H. pylori positive
with / without PGC

(n =90)
Lost at follow-up (7 = 2)
H. pylori eradication failure after
two antibiotic cycles (7 = 3)
Patients

endoscopically reassessed 6 mo
after proven H. pylori eradication
(n = 85)

Figure 1 Flow diagram of patient’s selection. H. pylori: Helicobacter pylori; NSAIDs: Non-steroidal anti-inflammatory drugs; PPI: Proton pump inhibitor;
HR-WLE: High resolution-white light endoscopy; NBI: Narrow band imaging; PGC: Precancerous gastric conditions.
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OLGA and OLGIM systems assessment were used for histological staging of
of dysplasia according to the World Health Organization classification: Negative for
intraepithelial neoplasia/dysplasia, indefinite for intraepithelial neoplasia/dysplasia,
low-grade intraepithelial neoplasia/dysplasia, high-grade intraepithelial
neoplasia/dysplasia and intra-mucosal invasive neoplasia/intra-mucosal car-
cinoma'™l. In all patients, H. pylori eradication was assessed by a prior negative result
of BC-UBT and confirmed by histology.

Statistical analysis

Normal distribution of continuous variables was assessed with the Shapiro-Wilk test
and data were expressed as mean and + SD. Categorical variables were reported as
percentages and compared using the ¥? test or Fisher’s exact test, when needed. The
probability of detecting gastric dysplasia after H. pylori eradication was evaluated
using univariate and multivariate logistic regression analyses. The association between
each explanatory variable and the outcome (detection of dysplasia) was tested using
the likelihood ratio test. For each variable included in the multivariate model, we
calculated both unadjusted and adjusted odds ratios (OR), with their 95% confidence
intervals (CI), and the level of significance (using the likelihood ratio test). Statistical
significance was set at P < 0.05. All statistical analyses were performed using SPSS 23.0
software (SPSS, Chicago, IL, United States) and R version 3.4.3 (http://www.R-
project.org/).

RESULTS

The clinical characteristics of the 85 enrolled patients are described in Table 1. At
baseline, the majority of patients (71.8%) had an extensive endoscopic atrophic
gastritis (pan-atrophy, corpus-predominant or antrum-predominant atrophy), and the
minority (22.4%) had focal antrum atrophy (Table 2)2. The patients with a less
advanced degree (0-2 and 3-4) of the EGGIM scale were 80%; histological gastritis was
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Table 1 Baseline demographic and clinical characteristics of patients who underwent Helicobacter pylori eradication

Parameters Patients (n = 85)

Age, mean (SD), yr 56.1 (12.3)

Gender, 1 (%)

Female 53 (62.4)
BMI, mean (SD), kg/m” 251 (2.2)
Alcohol users (12-24 g/dL /die), n (%) 27 (31.8)
Previous smokers, n (%) 12 (14.1)
Drug users, 1 (%) 23 (27.1)
Family history of gastric cancer, 1 (%) 4(4.7)
Family history of other cancer, 1 (%) 9 (10.6)

Autoimmune comorbidity

Autoimmune atrophic gastritis 12 (14.1)
Autoimmune thyroiditis 6(7.1)
Type-1/2 diabetes mellitus 3(3.5)
Skin psoriasis 1(1.2)
Rheumatoid arthritis 1(1.2)
Sjogren syndrome 1(1.2)
A. thyroiditis + vitiligo 1(1.2)
A. thyroiditis + Crohn’s disease 1(1.2)
A. thyroiditis + Sjogren syndrome 1(1.2)
APCA and/or AIF antibody positivity 12 (14.1)

Endoscopy indication, 1 (%)

Gastroesophageal reflux 17 (20)

Recurrent abdominal pain 12 (14.1)
Dyspepsia 41 (48.2)
Unexplained anemia 15 (17.7)

H. pylori eradication scheme, 1 (%)

Quadruple’ 53 (62.4)
Modified triple” 28 (32.9)
Triple’ 3(3.6)
Sequential* 1(1.2)

H. pylori eradication cycles, n (%)
One-cycle 71 (83.5)

Two-cycles 14 (16.5)

Data are expressed as number of patients and percentage (in parenthesis).

Bismuth + Metronidazole + Tetracycline + Proton pump inhibitor.

2Amoxicillin + Levofloxacin + Proton pump inhibitor.

3 Amoxicillin + Clarithromycin + Proton pump inhibitor.

*Amoxicillin + Clarithromycin + Proton pump inhibitor Amoxicillin (5 d), then Clarithromycin + Metronidazole (5 d) + Proton pump inhibitor. BMI: Body
mass index; SD: Standard deviation; APCA: Anti-parietal cell antibody; AIF: Anti-intrinsic factor; H. pylori: Helicobacter pylori; PPI: Proton pump inhibitor.

moderate/severe and mild in 77.6% and 22.4% of the patients respectively; 45.8% of
patients also had mucosal associated lymphoid tissue (MALT) hyperplasia (Table 2).
Fifteen patients (17.6%) had LGD on random biopsies. Among the 49 patients with
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Table 2 Endoscopic and histological characteristics of patients before and after Helicobacter pylori eradication

Parameters Before H. pylori eradication (n=85)  After H. pylori eradication (n = 85) P value

Endoscopic atrophy’,n (%)

Absent 5(5.9) 4(4.7) 1.0
Antrum 19 (22.4) 19 (22.4) 1.0
Antrum-predominant 18 (21.2) 12 (14.1) 0.23
Corpus-predominant 21 (24.7) 23 (27.1) 0.73
Pan-atrophy 22 (25.9) 27 (31.8) 0.40

OLGA-scale, 11 (%)

Stage 0 44.7) 447) 1.0
Stage 1 22 (25.9) 28 (32.9) 0.31
Stage 2 34 (40) 23 (27.1) 0.07
Stage 3 20 (23.5) 25 (29.4) 0.38
Stage 4 5(5.9) 5(5.9) 1.0

EGGIM-scale, 1 (%)

0-2 47 (55.3) 45 (52.9) 0.76
34 21 (24.7) 10 (11.8) 0.03°
5-6 12 (14.1) 21 (24.7) 0.08
7-8 4(47) 4(47) 1.0
9-10 1(1.2) 5(5.9) 021

OLGIM-scale, 1 (%)

Stage 0 40 (47.1) 29 (34.1) 0.08
Stage 1 14 (16.5) 17 (20) 055
Stage 2 14 (16.5) 14 (16.5) 1.0

Stage 3 13 (15.3) 18 (21.2) 032
Stage 4 447) 7(8.2) 0.53

Gastritis at histology?,1 (%)

Quiescent 0 81 (95.3) <0.0001°
Mild 19 (22.4) 4(47) 0.001°

Moderate 46 (54.1) 0 <0.0001°
Severe 20 (23.5) 0 <0.0001"

MALT-hyperplasia, n (%)

Absent 46 (54.1) 82 (96.5) <0.0001"
Mild 25 (29.4) 3(3.5) <0.0001"
Moderate 11 (12.9) 0 0.007°
Severe 3(3.5) 0 0.24

Histological LGD’ 1 (%)

Absent 70 (82.4) 57 (67.1) 0.02"
On random biopsies 15 (17.6) 9 (10.6) 0.19
On random + on lesions biopsies 0 6(7) 0.03"
Only on visible lesions 0 13 (15.3) 0.0001"

Data are expressed as number of patients and percentage (in parenthesis).
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SLGD: Low-grade dysplasia according to World Health Organization classification.

By y test.

Pby Fisher’s exact test. H. pylori: Helicobacter pylori; EGGIM: Endoscopic grading of gastric intestinal metaplasia; MALT: Mucosa-associated lymphoid tissue;

OLGA: Operative Link on Gastritis Assessment; OLGIM: Operative Link on Gastric Intestinal Metaplasia.
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histological pan-atrophy or corpus-predominant atrophy, 11 (22.4%) tested positive for
APCA and/or for AIF antibodies. In 100% of the cases the histological mononuclear
and polymorphonuclear cell infiltration disappeared or decreased after H. pylori
eradication. Additionally, the proportion of patients with mild and moderate/severe
grades of MALT hyperplasia significantly decreased after H. pylori eradication (29.4%
vs 3.5%, P <0.001 and 16.4% vs 0%, P < 0.001, respectively; Table 2). Nevertheless, the
proportion of OLGA, OLGIM stages, and that of patients with histological diagnosis of
LGD on random biopsies did not significantly change after H. pylori eradication (17.6%
vs 10.6%, P = 0.19) (Table 2 and Figure 2). The detection of LGD on visible lesions
significantly increased after H. pylori eradication (0% vs 22.3%, P < 0.001; Table 2).
Among the 9 patients who showed LGD on random biopsies after H. pylori
eradication, only 2 (22.2%) had already had a diagnosis of LGD on random biopsies
before H. pylori eradication. Among the 6 patients with LGD on random and visible
lesion biopsies after H. pylori eradication, two (33.3%) were negative for LGD before
eradication. Furthermore, the proportion of the 13 patients with a new diagnosis of
LGD only on visible lesions was significantly higher after H. pylori disappearance (0%
v5 15.3%, P < 0.001) and in 6 of them (46.1%) LGD was not detected before H. pylori
eradication.

The characteristics of the 19 subjects in whom LGD was detected on visible lesions
after H. pylori eradication are shown in Supplementary Table 1. In details, 11 subjects
(57.9%) were male, and in 8 patients (42.1%) LGD was missed before H. pylori
eradication. Five patients (26.3%) had APCA and/or AIF positivity. Comparison of the
patients with or without LGD (n = 28 vs n = 57 respectively) after H. pylori eradication
is shown in Table 3. In patients with LGD, the age was older (60.9 + 8.2 vs 53.7 + 13.4
years, P = 0.01), there were more alcohol users or past smokers (53.6% vs 21.1%, P =
0.002 and 35.7% vs 3.5%, P < 0.001, respectively), there was a higher proportion of
APCA and/or AIF antibody positivity (28.6% vs 7%, P = 0.02), there were more
familial cases of GC (14.3% vs 0%, P < 0.001) and more advanced stages of OLGA and
OLGIM, both at the baseline and after H. pylori eradication (P < 0.001 for both). When
we compared the histological characteristics of the 28 patients with LGD after H. pylori
eradication, we observed that the moderate/severe grades of gastritis and MALT
hyperplasia significantly regressed during surveillance (P < 0.001 and P = 0.004,
respectively), whereas OLGA stages were similar (P = 0.76; Supplementary Table 2). A
higher prevalence of OLGIM stages 3-4 was observed after H. pylori eradication, but it
did not reach the level of statistical significance (57.1% vs 75%, P = 0.16).

As shown in Supplementary Table 3, in patients without LGD after H. pylori
eradication only gastritis significantly improved at the follow-up endoscopy (P <
0.001). Table 4 shows the results of the linear regression analysis. According to the
multivariate analysis adjusted for age, alcohol use, MALT hyperplasia
regression/reduction and for APCA and/or AIF antibody presence, the probability for
detecting gastric LGD, randomly or on visible lesions after eradication of H. pylori, was
significantly higher in patients with regression/reduction of MALT hyperplasia (OR =
3.10, 95%CI: 1.05-9.12, P = 0.04), alcohol consumption (OR = 3.88, 95%CI: 1.31-11.49, P
= 0.01), and APCA and/or AIF antibody positivity (OR = 5.47, 95%CI: 1.33-22.39, P <
0.04).

DISCUSSION

Our study shows that HR-WLE in combination with NBI can diagnose gastric LGD on
visible lesions with the highest accuracy after regression of H. pylori-induced signs of
active infection (Figure 3 and 4). This suggests that, in high-risk subjects without alarm
features for malignancy, non-invasive tests should be used for prior H. pylori
identification, and a high-quality upper endoscopy to identify dysplastic lesions
should be postponed after H. pylori eradication has been achieved. This strategy could
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Table 3 Demographic and clinical characteristics of patients with low-grade dysplasia detected on visible gastric lesions or randomly

and without low-grade dysplasia, before and after Helicobacter pylori eradication

Parameters With LGD (n = 28) Without LGD (n = 57) P value
Age, mean (SD), yr 60.9 (8.2) 53.7 (13.4) 0.01°
Gender, 1 (%)
Female 15 (53.6) 38 (66.7) 0.24
BMI, mean (SD), kg/m” 25 (2.4) 25 (2.3) 1.0
Alcohol users (12-24 g/dL/die), n (%) 15 (53.6) 12 (21.1) 0.002°
Previous smokers, 1 (%) 10 (35.7) 2(3.5) <0.0001°
Family history of gastric cancer, 1 (%) 4(14.3) 0 0.001°
Family history of other cancer, 1 (%) 6(21.4) 3(5.3) 0.001°
Autoimmune comorbidity
Autoimmune atrophic gastritis 8 (28.6) 4(7) 0.02°
Autoimmune thyroiditis 3(10.7) 3(5.3) 0.39
A. thyroiditis + vitiligo 1(3.6) 0 0.33
A. thyroiditis + Crohn’s disease 1(3.6) 0 0.33
A. thyroiditis + Sjogren syndrome 0 1(1.7) 1.0
Sjogren syndrome 0 1(1.7) 1.0
Type-1/2 diabetes mellitus 1(3.6) 2(3.5) 1.0
Skin psoriasis 1(3.6) 0 0.33
Rheumatoid arthritis 0 1(1.7) 1.0
APCA and/or AIF antibody positivity 8 (28.6) 4(7) 0.02°
H. pylori eradication scheme, 1 (%)
Quadruple’ 17 (60.7) 36 (63.2) 0.82
Modified triple” 9(32.1) 19 (33.3) 0.91
Triple’ 1(3.6) 2(3.5) 1.0
Sequential* 1(3.6) 0 0.33
H. pylori eradication cycles, n (%)
One cycle 22 (78.6) 46 (86) 0.82
Two cycles 6(21.4) 8 (14) 0.82
OLGA scale before’
Stage 0 0 4(7) 0.3
Stage 1-2 8 (28.6) 48 (84.2) <0.0001"
Stage 3-4 20 (71.4) 5(8.8) <0.0001°
OLGA scale after”
Stage 0 0 4(7) 0.3
Stage 1-2 7 (25) 44 (77.2) <0.0001"
Stage 3-4 21 (75) 9 (15.8) <0.0001°
OLGIM scale before
Stage 0 0 40 (70.1) <0.0001°
Stage 1-2 12 (42.8) 16 (28.1) 0.17
Stage 3-4 16 (57.1) 1(1.8) <0.0001°
OLGIM scale after
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Stage 0

Stage 1-2

Stage 3-4

Gastritis at histology before, 1 (%)
Quiescent

Mild

Moderate-severe

Gastritis at histology after, 1 (%)
Quiescent

Mild

Moderate-severe

MALT hyperplasia before, 1 (%)
Absent

Mild

Moderate

Severe

MALT hyperplasia after, n (%)
Absent

Mild

Moderate

Severe
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0 29 (50.9) <0.0001¢
7 (25) 24 (42.1) 0.12

21 (75) 4(7) <0.0001¢
0 0 1.0

3 (10.7) 16 (28.1) 0.10

25 (89.3) 41 (71.9) 0.10

26 (92.9) 55 (96.5) 0.59
2(7.1) 2 (3.5) 0.50

0 0 1.0

10 (35.7) 36 (63.2) 0.02°

10 (35.7) 15 (26.3) 0.37

6 (21.4) 5 (8.8) 0.17
2(7.2) 1(1.8) 0.25

10 (35.7) 36 (63.2) 0.02°

18 (64.3) 21 (36.8) 0.02°

0 0 1.0

0 0 1.0

Data are expressed as number of patients and percentage (in parenthesis).

1Bismuth + Metronidazole + Tetracycline + Proton pump inhibitor.

2Amoxicillin + Levofloxacin + Proton pump inhibitor.

3 Amoxicillin + Clarithromycin + Proton pump inhibitor.

*Amoxicillin + Clarithromycin + Proton pump inhibitor Amoxicillin (5 d), then Clarithromycin + Metronidazole (5 d) + Proton pump inhibitor.

®Before Helicobacter pylori eradication (by Sydney System).

®After Helicobacter pylori eradication.

“By t-test.
"By 4 test.

By Fisher’s exact test. BMI: Body mass index; SD: Standard deviation; APCA: Anti-parietal cell antibody; AIF: Anti-intrinsic factor; H. pylori: Helicobacter

pylori; PPI: Proton pump inhibitor; OLGA: Operative Link on Gastritis Assessment; OLGIM: Operative Link on Gastric Intestinal Metaplasia; MALT:

Mucosa-associated lymphoid tissue.
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be useful for yielding a higher dysplasia detection rate and for better defining cancer
risk and surveillance time.

Despite conflicting evidence, H. pylori eradication is presently advised in high-risk
subjects for its potential to reduce GC incidence and induce regression of inflammation
and atrophic gastritisl"***]. Originally, the use of WLE alone provided a weak
association between endoscopic and histological findings in diagnosing PGC, probably
due to the inefficient technology of endoscopy imaging!*-*l; recent studies have
instead shown that the use of HR-WLE allows for a high concordance accuracy for this
purposel’”l. There is strong evidence that virtual chromoendoscopy should be used for
the diagnosis of PGC because of its better performance compared to HR-WLEF+7#41,
Capelle et al" studied high-risk patients with IM or dysplasia undergoing endoscopic
surveillance 2.0 years (range 0.8-21.1) and 1.9 years (range 0.2-5.2) respectively after
the initial diagnosis and showed a slightly better diagnostic yield for the detection of
advanced PGC using HRE with NBI vs HR-WLE™. Conventional CE with the
application of dyes has been associated with the highest PGC detection accuracy as
compared to virtual chromoendoscopy although procedural time is considerably
longer**1. As a result of such evidence, the updated version of the European
guidelines suggests that a high-quality endoscopy requires the use of NBI'.
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Table 4 Probability of detecting low-grade dysplasia randomly or on visible lesions after Helicobacter pylori eradication

Univariate Multivariate
Variable OR (95% Cl) P value OR' (95%Cl) P value
Age, yr 1.05 (1.01-1.11) <0.02 1.05 (1.00-1.10) 0.07
Gender
Female 1.00° -
Male 1.73 (0.69-4.37) 0.24 - -
BMI, kg/m’ 0.93 (0.75-1.15) 0.49 - -
Alcohol use
No 1.00” 1.00”
Yes 4.33 (1.63-11.51) <0.01 3.88 (1.31-11.49) 0.01
Drug use
No 1.00” -
Yes 1.45 (0.54-3.94) 0.46 - -
MALT hyperplasia regression/reduction
No 1.00° -
Yes 3.90 (1.20-7.91) <0.02 3.10 (1.05-9.12) 0.04
APCA and/or AIF antibody positivity
No 1.00”
Yes 5.30 (1.44-19.56) 0.01 5.47 (1.33-22.39) <0.02

1 Ajusted for age, alcohol use, Mucosa-associated lymphoid tissue hyperplasia reduction/regression and anti-parietal cell antibody and/ or anti-intrinsic

factor antibody positivity.

2Reference group. LGD: Low-grade dysplasia; H. pylori: Helicobacter pylori; OR: Odds ratio; BMI: Body mass index; MALT: Mucosa-associated lymphoid

tissue; APCA: Anti-parietal cell antibody; AIF: Anti-intrinsic factor.

Jaishideng®

In our study, the histological signs of active gastritis and MALT hyperplasia
disappeared or decreased in 100% and 96.5% of patients with or without PGC after H.
pylori eradication, respectively. The overall prevalence of LGD on random biopsies at a
6-mo interval was similar (17.6% vs 10.6%). Nevertheless, among the patients with
newly diagnosed LGD on visible lesions, the percentage of endoscopically missed
dysplasia was 42.1% before H. pylori eradication, when active gastritis was present.
Unexpectedly, at the baseline 26.3% of such patients (5/19) had an overlapping AAG
with APCA and/or AIF positivity. This prevalence rose to 28.6% (8/28 patients) when
we considered the total patients with dysplasia, and the percentage of this positivity
did not change after H. pylori eradication (P = 1.0, data not shown). We observed an
almost doubled prevalence of gastric LGD on biopsies performed randomly or on
visible lesions before and after H. pylori disappearance (17.6% vs 32.9% respectively). A
similar prevalence was found in another study from two referral centers using NBI
endoscopy, in which dysplasia was detected in 28/85 (33%) and 38/85 H. pylori
positive patients (45%)"1.

Patients with LGD were older and showed more advanced OLGA and OLGIM
stages as compared to those without LGD, at baseline as well as after H. pylori
eradication. The prevalence of OLGIM stages 3-4 showed a tendency to increase after
H. pylori eradication only in patients with dysplasia, from 57.1% to 75%.

The higher prevalence of LGD after H. pylori eradication could depend on the
presence of more severe and extensive mucosal atrophy and IM at baseline in our
high-risk subgroup of patients rather than disease progression itself, considering the
short interval of endoscopic surveillance of our study. In this scenario, the background
of active H. pylori inflammation is likely to play a confounding role that may have
hampered the accurate detection of gastric dysplasia. Nevertheless, the unexpected
high baseline prevalence of dysplasia may be partially justified by the concomitant
presence of AAG in a considerable number of our patients, in accordance with results
from a recent study showing that in the presence of AAG the risk of developing more
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Figure 2 Prevalence of Operative Link on Gastritis Assessment, endoscopic grading of gastric intestinal metaplasia, and Operative Link
on Gastric Intestinal Metaplasia scores, respectively in the 85 patients before and after Helicobacter pylori eradication. OLGA: Operative
Link on Gastritis Assessment; EGGIM: Endoscopic grading of gastric intestinal metaplasia; OLGIM: Operative Link on Gastric Intestinal Metaplasia.

advanced stages on long-term follow-up is greater in patients with more severe gastric
lesions!’l. The overlap between autoimmune and H. pylori-induced chronic gastritis
may presumably be associated with a more severe gastric injury, especially in older
subjects.

At a multivariate analysis, the probability for detecting gastric dysplasia after
resolution of H. pylori-related active inflammation was significantly higher in older
patients with regression or reduction of MALT hyperplasia, greater alcohol
consumption, and APCA and/or AIF positivity. Therefore, MALT hyperplasia with
active gastritis, whether induced or not by H. pylori, could be an additional
confounding factor influencing the detection of PGC, and, particularly, LGD in high-
risk patients (Table 4).
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Figure 3 Gastric white-light endoscopy, narrow band imaging and histological evaluation before Helicobacter pylori eradication. A, B:
Gastritis during white-light endoscopy and narrow band imaging assessment of corpus before Helicobacter pylori eradication; and C: Histological evaluation:
moderately atrophic chronically active gastritis with lymphoplasmacellular infiltration of the lamina propria and foveolar epithelium hyperplasia (fundus before
Helicobacter pylori eradication. Sections of 3 microns colored with Hematoxylin Eosin and Giemsa respectively. Magnifications: x 10).

Figure 4 Gastric narrow band imaging and histological evaluation after Helicobacter pylori eradication. A: Low-grade dysplasia on flat lesion
during narrow band imaging assessment of corpus after Helicobacter pylori eradication; B: Histological appearance: inactive chronically mild atrophic gastritis with
intestinal metaplasia and low-grade dysplasia on intestinal metaplastic epithelium (fundus after Helicobacter pylori eradication); C: Low-grade dysplasia aspect of
antrum on visible lesion during narrow band imaging assessment after Helicobacter pylori eradication; and D: Histological appearance: inactive chronically

moderate atrophic gastritis with intestinal metaplasia and low-grade dysplasia on intestinal metaplastic epithelium (antrum after Helicobacter pylori eradication).
Hematoxylin Eosin. Sections of 3 microns. Magpnification: x 10.

JBaishideng®

The prevalence of autoimmune diseases (24.7%) in our patients showed a tendency
to increase among patients with LGD (35.7% vs 17.5% in those without LGD, P = 0.06
by ¥? test). Since autoimmune disorders are linked to the presence of DRB1 and DQB1
haplotypes our finding may suggest a reciprocal role between the genetics of immune
response and H. pylori chronic infection.

Our results are in full accordance with the current European recommendations,
which suggest to perform an endoscopic reassessment with HRE-NBI as soon as
possible after dysplasia is diagnosed in the “apparent” absence of endoscopically
visible lesions, to search for malignancy on misdiagnosed lesions/"**l. Where the
presence of H. pylori active gastritis without alarming features for malignancy is
suspected, considering the present lack of clinical recommendations on the diagnosis
and surveillance of PGC, our study suggests that the best diagnostic workout in
symptomatic patients should entail performing prior H. pylori non-invasive tests, thus
increasing the probability of detecting LGD on visible lesions at an endoscopy carried
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out soon after H. pylori eradication has been achieved.

There are some limitations to our study. The sample size is relatively small,
although all endoscopies were performed in a standardized way by using the same
biopsy protocol and technical procedures and with the presence of the same
endoscopist throughout the study. The hypothesis that LGD could have progressed
into visible lesions is unlikely due to our short 6-mo follow-up interval™: The risk of
PGC progression has indeed been demonstrated to increase only on long-term follow-
up (2-16 years), after eradication of H. pylori®**. Our results may help explain the
heterogeneous findings of a possible increased PGC prevalence after H. pylori
eradication in long-term surveillance studies, as this might be due to a misdiagnosis at
initial endoscopic examination.

In conclusion, HR-WLE with NBI can be more accurate in diagnosing LGD on
visible lesions after H. pylori eradication has been achieved, probably due to the
disappearance of the underlying confounding effects of inflammatory and mucosal
lymphoproliferative changes induced by H. pylori chronic active infection. Elderly
patients and those with autoimmune diseases could be at higher risk for H. pylori
chronic infection. An effective and cost-effective strategy to diagnose LGD with the
highest accuracy should entail a high-quality upper endoscopy performed soon after
eradication of H. pylori infection, detected by prior non-invasive tests.

ARTICLE HIGHLIGHTS

Research background

Helicobacter pylori (H. pylori) infection is frequently responsible for precancerous gastric
conditions (PGC) and the long-term risk of PGC may even progress after H. pylori
eradication.

Research motivation

Heterogeneous long-term endoscopic follow-up studies (2-16 years) have shown
conflicting results on the efficacy of H. pylori eradication in reducing the prevalence
and histological progression of advanced PGC. Moreover, High-Resolution White-
Light Endoscopy (HR-WLE) in combination with narrow-band imaging (NBI) is
effective in detecting PGC and determines the timing and mode of endoscopic
surveillance.

Research objectives
To assess the efficacy of HR-WLE with NBI in detecting PGC, before and after H. pylori
eradication at a short-term interval.

Research methods

We evaluated 85 consecutive patients with H. pylori-related gastritis with/without
PGC at baseline and 6 mo after proven H. pylori eradication. The Operative-Link on
Gastritis-Assessment and Operative-Link on Gastric-Intestinal Metaplasia have been
used as gold standards for histological definition of gastritis, atrophy and intestinal
metaplasia. Serum anti-parietal cell antibody and anti-intrinsic factor were measured
when autoimmune atrophic gastritis was suspected.

Research results

HR-WLE in combination with NBI allows for a more accurate diagnosis of gastric low-
grade dysplasia (LGD) when performed soon after H. pylori eradication, due to
regression of H. pylori-induced signs of inflammation. Furthermore, we observed an
unexpected high prevalence of autoimmune disorders, suggesting an interaction
between the genetics of immune response and H. pylori chronic infection, especially in
relation to the risk of LGD development.

Research conclusions

HR-WLE with NBI allows an accurate diagnosis of gastric LGD on visible lesions after
regression of H. pylori-induced signs of active infection, especially in high-risk subjects.
Patients with overlap between autoimmune and H. pylori-induced chronic gastritis
may require more extensive gastric mapping.
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Research perspectives

Our findings will appeal to both clinical gastroenterologists and endoscopists, and
stimulate the development of more accurate and cost-effective strategies for
identifying patients with H. pylori infection who are at risk of gastric cancer. Subjects
with an overlap between autoimmune and H. pylori-induced chronic gastritis should
be considered to be at a higher risk of more severe gastric injury.
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