University Library

o o A gateway to Melbourne's research publications

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Badgery, H;Chong, L;lich, E;Huang, Q;Georgy, SR;Wang, DH;Read, M

Title:
Recent insights into the biology of Barrett's esophagus

Date:
2020-11-10

Citation:

Badgery, H., Chong, L., lich, E., Huang, Q., Georgy, S. R., Wang, D. H. & Read, M. (2020).
Recent insights into the biology of Barrett's esophagus. Annals of the New York Academy
of Sciences, 1481 (1), pp.198-209. https://doi.org/10.1111/nyas.14432.

Persistent Link:
https://hdl.handle.net/11343/276022



'.) Check for updates

Recent insights into the biology of Barrett’s esophagus

Henry Badgr ¥ Lynn Chong,* Elhadi lich,2 Qin Huang,’ Smitha Rose Georgy,* David H. Wang,® and

'Departme er Gastrointestinal Surgery, St Vincent’s Hospital, Melbourne, Australia

*Cancer Bi@d Surgical Oncology Laboratory, Peter MacCallum Cancer Centre, Melbourne,

Australia w

3Departmeﬁ?ology and Laboratory Medicine, Veterans Affairs Boston Healthcare System and

Harvard Medical Sghool, West Roxbury, Massachusetts

*Departm tomic Pathology, Faculty of Veterinary and Agricultural Sciences, The University

of Melbou ourne, Australia

5Departmem-natology and Oncology, UT Southwestern Medical Centre and VA North Texas

Health Care System, Dallas, Texas

6Department ery, The University of Melbourne, St Vincent’s Hospital, Melbourne, Australia

Address fori€orrespondence: Dr Henry Badgery

L

Department of Surgery

St Vincent’s Hospital

41 Victoria Parade, Fitzroy, Vic, Australia, 3065
badgeryhe@gmail.com

Short title? biology

utho

This is
been thro
differences betweeil this version and the Version of Record. Please cite this article as doi:
10.1111/nyas.14432.

r manuscript accepted for publication and has undergone full peer review but has not
opyediting, typesetting, pagination and proofreading process, which may lead to

This article is protected by copyright. All rights reserved.


https://doi.org/10.1111/nyas.14432
https://doi.org/10.1111/nyas.14432
https://doi.org/10.1111/nyas.14432
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fnyas.14432&domain=pdf&date_stamp=2020-07-17

Keywords: Barrett’s esophagus; signaling pathways; esophageal adenocarcinoma; epithelial barrier

function; molecular reprogramming

T

Abstract
||

Barrett’s eL (BE) is the only known precursor to esophageal adenocarcinoma (EAC), an
aggressivemith a poor prognosis. Our understanding of the pathogenesis and of Barrett’s

metaplasia plete, and this has limited the development of new therapeutic targets and
agents, risl@stratifiGation ability, and management strategies. This review outlines current insights
into the biology of BE and addresses controversies surrounding cell of origin, cellular reprogramming

theories, updates @n esophageal epithelial barrier function, and the significance of goblet cell

U

metaplasia and its association with malignant change. Further research into the basic biology

of BE is vital as it will underpin novel therapies and improve our ability to predict malignant

f

progression and help identify the minority of patients who will develop EAC.

Introduction

Ma

i

Barrett’s e (BE) is a metaplastic lesion that arises in the lower esophagus in response to

gastro-eso eflux disease (GERD). In this metaplastic process, the normal stratified squamous

epithelium wer esophagus is replaced by columnar epithelium with features of both gastric

3

and intesti otypes.® The study of BE is clinically significant as it is the only known precursor

N

lesion eal adenocarcinoma (EAC). While recent clinical trials have been able to

demons vements in overall survival and pathological response, the prognosis of EAC

{

remains p urthermore, the incidence of EAC in Western countries continues to rise.’

U

Progressio E to EAC is a rare event, associated with multiple factors including length,

histology indi the presence of goblet cells, obesity, dysplasia, and age.®®

A
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Current theories suggest that the development of BE is due to a complex interplay between
environmental exposures, molecular genetics, and cellular interactions. Unfortunately, the exact
mechanWsible for the development of BE are poorly understood. As a result, molecular
therapies ¢ of either preventing or treating the disease have been lacking. The aim of this
review is t@ update on a number of key areas relating to the biology of BE. These include
controversialmameas such as the defining features of BE as well as the Barrett’s cell of origin. In

addition, Mview recent advances in molecular biology as well as the emerging concept of

the import@ve epithelium in maintaining barrier function.

Definition mt’s esophagus and the significance of goblet cell metaplasia

The pathogagnosis of BE has been challenged in recent years as to the requirement for
intestinal s:ap:asia, which is characterized by the presence of goblet cells. As a result, the

10-15

definition ds to vary among different societies. Histologically, BE is defined by three

types of mic columnar cells: goblet cells (i.e., specialized intestinal metaplasia), cardiac
(mucinous),@n rdiofundic (mucoxyntic) cells. As goblet cell metaplasia (GCM) is associated with
malign ression of BE to EAC, histologic identification of the presence of GCM for pathologic
diagnosis of equired by The American Gastroenterology Association and is the focus of this

review.

L

It is well k t EAC develops over time by accumulating genetic and epigenetic abnormalities
in metapla let cells. As such, GCM present at the initial index biopsy becomes crucially
important logic biomarker for prediction of malignant progression. The results of several
histopa i molecular studies support this concept. In 2007, Younes et al. compared
prognosHtients with (n = 43) or without (n = 35) GCM at initial index biopsies.” They
reported t an average of 72 months (range 12-146) of the follow-up period, malignant
progressio entified only in patients with GCM. These findings were confirmed in another
similar stu a much larger sample of 708 patients without a prior diagnosis of BE.*® In that
study, identified in 39% (276/708) compared with 54% (379/708) without GCM. In this

series, GCM was associated with a significantly longer length (mean: 4.6 cm) of columnar-lined

esophagus compared to those without GCM (mean: 1.6 cm). Importantly, malignant progression was
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again identified only in cases with GCM. More recently, Pohl et al. (2015) demonstrated an
association of the length of BE with the development of EAC irrespective of the presence of GCM.®
The ﬁndMnes et al. are supported by the discovery of significantly more extensive genetic
abnormalitj M, compared with those without GCM. Bandla et al. conducted several genetic
tests on am EAC mutation-related genes and fluorescence in situ hybridization (FISH)
analysissfomBh@meepy number abnormalities.” They reported that loss of CDKN2A, amplification of

chromosow DNA copy number abnormalities were detected only in GCM. Further targeted
gene sequﬁowed 11 non-synonymous mutations in 16 samples with GCM but only 2 such

mutations trols without GCM. DNA copy number abnormalities (FHIT, MYC, CDKN2A/p16,
WWOX, a ) were absent in cases without GCM but present in various proportions of cases
with GCM 9% p&ttern similar to early stage (pT1) EAC lesions. They concluded that columnar-lined
esophagus wit was associated with a high frequency of cancer-related genetic mutations than
without.™ , the status of GCM has been used not only for BE diagnosis' but also for BE
patient surffeillance in clinical practice.™

GERD and the f the epithelium in maintaining barrier function

One of Echanges in the pathogenesis of BE is the loss of mucosal integrity. Therefore, in
order t derstand the pathophysiological drivers of BE, an understanding of how the

epithelial barrier is formed and maintained as well as the structural and functional modifiers of this
The esmwallenged by a myriad of mechanical, biological, and chemical insults every day.
As ar ber of well-established mechanisms exist in order to protect the esophageal
mucosaHde pre-epithelial, epithelial, and post-epithelial compartments.

The pre-epi efense mechanisms include water and bicarbonate ions derived from swallowed
saliva, s from esophageal submucosal glands, and the coordinated movement of the

esophagus and lower esophageal sphincter to prevent reflux.’® Esophageal protective factors also

epithelial essential.

include mucin, non-mucin proteins, epidermal growth factor (EGF), prostaglandin E2 (PGE2), and
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transforming growth factor-a (TGFa), which are all secreted when the mucosal integrity is

challenged.”>

T

The epithe@nt is comprised of stratified squamous epithelium that forms a barrier to the

outsideenvinemment. Key components within this compartment include the tight junction complex,
adherens jm and desmosomes, which all function to restrict the paracellular movement of

molecules. gDiff tial expression of junctional complex proteins have been reported in the

pathologic s of the esophagus as well as during alterations in the environment.”> Other key
componen this compartment include filaggrin, one of the late epidermal differentiation
proteins, ays a pivotal role in the front line defense of the barrier function and the

intercellular g!ycojotein matrix.** *°

Post-epith;nse comprises mucosal blood flow, restitution and replication of esophageal
epithelial m maintenance of tissue acid-base status. The defense against exposure to
hydrogen iofs g gastroesophageal reflux involves a hyperemic reaction of esophageal mucosa
to deli rbonates for buffering and to remove hydrogen ions, lactic acid, and CO,. Prolonged
exposure to acids inevitably results in cell injury and necrosis. Defense against this involves

epitheli , a rapid form of repair over 30 to 60 minutes, whereby adjacent healthy cells

migrate to the damaged area. In contrast, epithelial replication is a slow process ranging from days
In additﬂer of anti-reflux mechanisms also exist in order to protect the esophagus. These
include sophageal sphincter with its associated high-pressure zone, as well as extrinsic
factors He diaphragmatic sphincter, the presence of an intra-abdominal portion of
esophagu:,jgle of His”, and the phrenoesophageal ligament.”’ Disruption to any of these

mechanis

to weeks, on the size of the injury.?®

e potential to lead to gastroduodenoesophageal reflux, the key noxious contents

of which i cid, pepsin, and bile. By disturbing the local pH-ion balance, acid has a direct
injuriou on the epithelium. It also acts indirectly by activating pepsin, a proteolytic enzyme,
leading to an impaired mucosal barrier. In contrast, bile is able to pass directly into cells and disrupt

cellular function by virtue of its lipophilic properties.”® Exposure to acid and bile also induces pro-
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inflammatory cytokines such as interleukin-8 and -1B which have a direct effect on junctional
complex proteins, thereby altering paracellular transit of molecules.”” This is supported by

experi s in mice where overexpression of IL-1B in the stratified squamous epithelium at

{

the squam ar junction (SCJ) led to a Barrett’s-like metaplasia.*

One of the jest changes in the pathogenesis of BE is the loss of mucosal integrity, and detecting

the initiatip@® evéiits of epithelial barrier dysfunction may help to stratify patients with GERD and

G

predict the sion of the disease. To better understand the pathophysiological drivers of BE, an

understandiftg w the epithelial barrier is formed and maintained in the esophagus as well as the

S

structural aR@fui€tional modifiers of this epithelial barrier are essential.

Developingiresearch suggests that barrier changes in esophageal mucosa may be driven by a more

£19

generalize atory process induced by the pro-inflammatory cytokines IL-8 and IL-1B.***

Researche hown that overexpression of IL-1B in the stratified squamous epithelium at the

a

SCJ in mice Yed¥®”a Barrett’s-like metaplasia, indicating the significance of chronic inflammation in

BE.*° L s of systemic inflammation associated with abdominal obesity contribute to increased
levels of ¢ i and their receptors such as tumor necrosis factor-a, C-reactive protein, and
leptin.’

Qr

There is al ce that the transcription factor gene encoding Grainy head-like 3 (GRHL3), which
is involved the proliferation and differentiation of squamous epithelial cells, plays a critical
role in mai barrier function.®”** Analysis of the spatial expression pattern of GRHL3 across
human E RNA-seq combined with antibody-based profiling identified biased expression of

L

GRHL3 i agus (31.7 RPKM), indicating its importance in esophageal biology and disease.*

In addition’ e expression profile from 75 EAC samples compared with 28 paired non-tumor

U

esophagea s showed marked downregulation of GRHL3 mRNA (15-fold). Reduced GRHL3

expression 0 observed with BE samples (n = 15). *°

A
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Other mechanisms responsible for defective epithelial barrier function in BE include mutations
involving Myo9B, a Rho family GTPase activating protein involved in epithelial cell cytoskeleton
organizaMll as reduced salivary levels of EGF, TGFa, and PGE2. These components form
part of the ithelial defense and reduced levels predispose the mucosa to severe damage.*
This is tho& by impairing the restitution and replication of esophageal epithelial cells and

by limitimg tinematesof permeability of hydrogen ions.?’

Further de nts in our understanding of esophageal barrier function and identification of

Cr

markers ofar, nction deficiency are important as it may allow us to predict which patients with

GERD will of”BE and progress to dysplasia and malignancy.

us

Cell of origin controversy

dkl

BE is a stable metaplastic condition that generally does not progress rapidly, if at all, towards EAC.
This refle need for a progenitor cell that has undergone metaplastic changes (i.e.,

reprogr and is able to maintain the metaplastic tissue over a long period of time. However,

M

the origin of this progenitor cell is still debated, with different models suggesting different sources.

The opini on the cell of origin of BE is subdivided into two groups: intrinsic or extrinsic to the

I

esophagus.

O

Extrinsic taithe esophagus

fh

{

Due to its ity with the gastric mucosa, early theories proposed that BE could potentially

develop through miligration of gastric cells into the esophagus to replace the squamous epithelium

damaged due toseflux. Support for this migration process came from work by Bremner et al. using
@ heir normal esophageal mucosa surgically stripped.*® Complete or partial normal
squamous re-épftlgelialization was observed in dogs with a functioning LES. Conversely, dogs

suffering from reflux showed total or nearly total columnar re-epithelialisation with a gastric
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phenotype. This led the authors to conclude that migration of gastric cells is the source of BE in
dogs.® Furthermore, in keeping with this theory, Barrett’s metaplasia contains cells with a gastric

phenotWown to express markers also found in the stomach, such as MUC5AC and TFF2.%

Q.

Supportimgmthisslwpothesis is the work performed by Quante et al., who used Lgr5-Cre-ERT/Rosa-
LacZ repotho demonstrate the migration of LacZ-labeled Lgr5" gastric progenitor cells. This
effect was gffedifed by inducing chronic inflammation in the esophagus and mouse forestomach.>
In this moaOstein-Barr virus—driven promoter was used to overexpress IL1J to phenocopy the
chronic inf n seen in humans. IL1B has previously been shown to be increased in BE along
with other afmatory cytokines such as IL6 and 1L8.*° These mice were shown to develop

esophagitis at sixWonths, which further progressed to columnar metaplasia at the SCJ reminiscent

of BE in h »> As a result of the chronic inflammation, migration of LacZ-labeled, stomach-
derived c into the inflamed squamous epithelial region at the SCJ was observed. At 20-22
months, th developed high grade dysplasia and intramucosal adenocarcinoma at the distal
end of the sophagus. Furthermore, these metaplastic changes were shown to occur earlier

when the mi€e e also treated with bile acids or a carcinogen.

A simiIZut different cell of origin was proposed by Wang et al. using a p63-null mouse

model.*! p63 is important for the replacement of the columnar epithelium in the esophagus with

squamous hm during embryonic development.*? Columnar epithelium in p63-null mice was
demonstra@e positive for multiple known BE markers. In their retrospective tracing of the

metaplasia 63-null mice compared with wildtype (WT) mice, carbonic anhydrase 4 (CAR4)
expression lowed in the embryonic columnar esophageal monolayer epithelium of both
genoty:ﬂryonic day 14, they showed an anterior-to-posterior gradient replacement of
CAR4*/ n the WT mice by p63-positive cells, but not in p63-null mice. Furthermore, a

small numlmm+ cells remained at the SCJ of WT adult mice and humans, which were defined

as residua nic cells. Finally, through expression of diphtheria toxin driven by the Krti4
promoter ifically ablate squamous basal layer esophageal cells in adult mice, residual
embryo were shown to be capable of expanding proximally to replace the damaged

squamous epithelium.** Interestingly, using their ablation model, Wang et al. also found CAR4

/KRT7" cells expanding proximally into the ablated squamous epithelium.*" This suggests the
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presence of another cell type at the SCJ that does not fit the residual embryonic cell narrative and is

capable of giving rise to columnar epithelium.

{

Jiang et similar observation in their work.® They identified cells sharing both

P

basal/squameussmarkers (KRT5 and p63) and the columnar marker cytokeratin 7 (KRT7) at the SCJ.

Through Iiwcing and overexpression of the basal marker Sox2, expansion of both squamous

and a trangitio columnar epithelium using Krt5-Cre-ERT/Rosa-Sox2—GFP transgenic mice was

demonstra not in the adjacent gastric epithelium. Purification and culture of basal layer cells

from squamithelium (KRT5"/p63"/KRT7) in air-liquid interface and 3D organoid cultures
€

showed th cells only gave rise to squamous epithelial cultures. Conversely, cells from the
transitional epith@ium (KRT5"/p63*/KRT7") generated nonkeratinized epithelium. Jiang et al. further
showed ec ression of CDX2 in the transitional epithelium to induce Barrett’s-like metaplasia
through in@of intestinal markers expression such as Mucin 2 (MUC2) and Trefoil factor 3

(TFF3).

An alt e theory for the development of BE outside the esophagus was observed in rat
esophagojej y models where irradiated female rats received bone marrow cells from male
rats.* weeks of reflux exposure, rat esophagi showed ulcerative esophagitis and

intestinal metaplasia. Interestingly, using FISH, the authors showed cells within the normal

squamous hmnar esophagus possessed a Y chromosome in the female rats. This led the

authors to e that circulating multipotent progenitor cells from the bone marrow could
contribute evelopment of BE.* This, however, most likely reflects solitary inflammatory cells
in the infla e from donor bone marrow cells as there was no clonal expansion of the donor
cellsin Etic tissue, which would have been expected if these were progenitor cells for the

cquman.

-

Intrinsic to the esophagus
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Within the esophagus, a likely source of Barrett’s metaplasia could arise from squamous epithelial
cells, which could directly convert into columnar cells through transdifferentiation.** Evidence
supporthhanism is supported by scanning electron microscopy showing cells at the
junction of, t's and normal squamous epithelium with both features of squamous and
columnar owever does not concur with data showing clonality within Barrett’s lesion,
which inrlicatessameommon progenitor, as transdifferentiation is a process which occurs with no or

very little ;won.”' 8

O

AIternativmular reprogramming of a progenitor cell in the esophagus could give rise to BE.
s

An exampl

is a type oi pro:|§ating epithelium found generally near or at the neo-squamous junction.*® This

epithelium

transitionas:age in the development of BE.***° In MLE, the columnar cells are found overlying the

squamous

a phenomenon would be the multi-layered epithelium (MLE) found in BE.* MLE

xpression of both squamous and columnar epithelial markers and is considered a

gesting a conversion of basal layer squamous cells due to exposure to reflux

w g to their phenotype change.®® Studies using rat models of reflux via

esophagoga #odenal anastomosis (EGDA) to induce bile exposure in the esophagus® have
shown ith columnar cells overlying squamous cells, similar to what is found in humans.”
However, u unohistologic characterization, rat MLE was shown to still harbor expression of
the ba s markers p63 and KRT14, which is not seen in human MLE. The authors

suggested that in their rat model the basal layer MLE cells maintains a high degree of squamous

phenotypegd with humans.

Studiemlate 1980s by Gillen et al. (building on the work performed by Bremner et al.*®),
used d imwivo model system to study the contribution of gastric cardia to the development

of BarrM et al. performed a cardioplasty with mucosal stripping and induction of acid

reflux alo combination with bile. To determine whether gastric cardia is the source of
Barrett’s, tii p excised circumferentially the mucosa directly above the SCJ, leaving a 2-cm-
wide ring ofgi squamous epithelium as a barrier to prevent any potential SCJ or gastric cell
migratiofn; removing another 2-cm-wide ring above the intact mucosa. After induction of

reflux, all dogs showed columnar epithelium in the lower region of excised epithelium. However, two

of the five dogs also showed columnar epithelium above the intact squamous ring in the acid-alone
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group. Importantly, they saw from their histology what was described as a submucosal gland duct in
continuity with the Barrett’s epithelium.>” These observations led the authors to conclude that the

metaplamum arises from a cell originating from the submucosal gland or duct.

Q.

In humams sGeadseh a/. studied serial sections of BE tissue resections where they observed continuity
between sMal gland ducts and the overlying Barrett’s epithelium and the distinct regions of
normal sq@epithelium within the BE lesions known as squamous islands.® These findings

were furth orted by Lorinc et al., who studied the distribution of submucosal glands in

relation tme of mucosal epithelium overlying them.”® In their work, they found an
accumulati f mucosal glands underneath the squamous islands in the BE lesions, and a direct

connection Eetwi the submucosal ducts to the squamous islands.>*

Using micr;on and genetic analyses to look at mutations within BE lesions, Leedham et al.

showed a

W mutation in submucosal duct cells and neighboring metaplastic BE at the crypt

level, thereBy d&@Monstrating clonality between submucosal ducts and BE.”> Further evidence for a

potenti of submucosal glands in the development of Barrett’s has been demonstrated by
Chang et al25 g short-term ex vivo culture of normal esophageal biopsy specimens. They
demon ole of retinoic acid (RA) in driving columnarization of submucosal gland acini.

Upon reaching the surface, the glandular acini opened up and gave rise to a glandular epithelium

reminiscen&and showed expression of the columnar marker KRT7.>® However, no mucin

production@erved in vitro, possibly due to the limited culture conditions.
Finally, conal study by Bartel et al., where 515 normal squamous epithelial biopsies were

examimH treatment-naive BE patients, found a high percentage (39% and 21%) of sub-
squamous EI metaplastic glands at 5 and 10 mm from the SCJ, respectively.”’ Although not

conclusive,

<
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There is still a lack of consensus on the cell of origin of BE. This is important as identification of the
source would allow for more targeted and effective treatments and prevent recurrence of BE and/or

EAC. MWrrent hypotheses on the origin of BE are based on mice and rat models, which
have a diff; atomy compared with humans. Furthermore, development of BE in the former
only happe&:ome effort, either through genetic or surgical interventions. Surgical models
are arguablymtheselpsest to a normal situation to rapidly promote the development of BE. However,
the technimnties, postoperative state, and nonphysiologic levels of acid and bile exposures

created in ®dels represent additional points of contention.
Moleculamramming

Although identity of the BE cell of origin remains unknown, some type of molecular
reprogram g uired for the formation of an intestinal epithelium. These signaling pathways in
Barrett’s e can be divided into those that participate in intestinalization, contribute to a
proliferativega age, or mediate inflammation. Given how Barrett’s epithelium histologically
resemb | epithelium, it is not surprising that several developmental signaling pathways
active in the al adult intestine are also active in BE. These include Wnt/B-catenin, Notch,
Hedge d TGFB.*® Notch and Wnt are closely intertwined in embryological development

and are important in normal intestinal development. Hedgehog and BMP4 are expressed in the

embryonichs to maintain a columnar phenotype.’ Wnt/B-catenin signaling occurs normally

in intestina tem cells.* In the absence of Wnt ligand, B-catenin is degraded by a complex that
contains t suppressor adenomatous polyposis coli (APC). However, in the presence of Wnt
ligand, B-c immis| stabilized and translocates to the nucleus where it complexes with TCF/LEF to
transacﬁvay targets. In BE, promoter hypermethylation of APC occurs, leading to

decreasWression and increased expression of Wnt target genes such as the stem cell
marker Dcﬁow Whnt directly contributes to an intestinal phenotype in BE has not yet been

clearly elugi imilar to Wnt, Notch pathway activity is high in intestinal crypt stem cells.®

Signaling begias en ligand binds to a Notch receptor. This leads to cleavage by the y secretase
ﬂ hting the Notch intracellular domain (NICD), which can translocate to the nucleus and
transactivate pathWay targets such as Hesl. Progressively decreasing Notch activity along the crypt—

villus axis in the intestine leads to differentiation towards the villus and a secretory cell phenotype

This article is protected by copyright. All rights reserved.



such as is found in enteroendocrine, Paneth, and goblet cells.® In rats, Notch signaling is not present
in normal esophageal squamous epithelium. However, following esophagojejunostomy to surgically
induce Wto the esophagus, Notch signaling is activated as demonstrated by expression of
NICD and r metaplasia occurs. When these rats were subsequently treated with a vy
secretase m inhibit Notch signaling, mucus hyperplasia occurred in the metaplastic
columnar epithelimm.®® These findings suggest that Notch could have a dual effect with early

[

activation 0 a columnar phenotype and later downregulation inducing a secretory goblet
cell. In a uamous esophageal HET-1A cells, treatment with deoxycholic acids led to

downregulati Hesl and upregulation of ATOH1, which is normally suppressed by Hesl, in a

G

dose-depe hion.®> ATOH1 then induces expression of the intestinal transcription factor

S

CDX2, whic ePinduces expression of MUC2. In mammals, two Hedgehog ligands are expressed in

the gastrointestinal tract. Indian hedgehog is secreted by differentiated epithelial cells of the colon

L

and antag nt signaling found in crypt progenitor cells.*® Another Hedgehog ligand, Sonic

hedgehog,ffs expressed in the early embryonic esophageal epithelium, and its expression is

i

downregul embryonic development progresses and the esophageal epithelium becomes

squamous fan tified.*” Both Hedgehog ligands activate expression of bone morphogenetic

d

proteins (BMP) S @pically BMP2 or BMP4, in stromal fibroblasts.®® *° Reactivation of Sonic hedgehog
and ec ctivation of Indian hedgehog signaling occurs in human BE, leading to expression of

BMP4 in esophageal fibroblasts.®” Stromal BMP4 can then act back on esophageal

67, 70

A

epitheli ate expression of columnar genes and induce a columnar phenotype.

Transgenic overexpression of BMP4 in foregut epithelium of the mouse using the Krt14 promoter led

[

to column lasia followed by intestinalization when bile reflux through creation of an

esophagea fistula was induced.”* Finally, TGFB is expressed in the differentiated

compartm e intestine, and its loss is one of the early events in colon cancer.”” TGFp

O

alterations often seen in non-dysplastic BE, but consistent with its role as a tumor

n

suppre xpression is lost as BE progresses through dysplasia and into invasive cancer.”

These d at activation of intestinal signaling pathways that both maintain intestinal stem

[

cellsand c tinal cell differentiation occurs in BE.

U

Acid- a acid—mediated activation of pro-proliferative signaling pathways, such as PI3K,

A

p38MAPK, and ERK, and inflammatory pathways, such as NF-kB, in esophageal epithelial cells also
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contribute to metaplasia. Treatment of SKGT-4 cells, derived from a well-differentiated EAC arising
from Barrett’s esophaugus, with the bile acids glycochenodeoxycholate and taurocholic acid induced
the gasWene MUC5AC. When bile acids and the PI3K inhibitor LY294002 were used
simultaneo KGT-4 cells, MUC5AC expression was not induced, suggesting that PI3K mediates
bile acid &f this mucin gene.”* Signaling through PI3K also mediates IL-4—induced
downregulatiommefasquamous genes KRT13 and involucrin and upregulation of the columnar genes

KRT7 and m normal human esophageal epithelial cells (HEECs).” Treatment of the non-

dysplasticme, BAR-T, with a conjugated bile acid led to increased proliferation as measured

by cell nu BrdU incorporation.”® Higher levels of MEK1 phosphorylation at an inhibitory site
and decre 1/2 activity in response to acid exposure were seen in squamous epithelium
from a pati BE as compared with a patient with GERD without BE.”” Similarly, acid and bile

salts increaseE ejession of the transcription factor CDX2 in esophageal squamous epithelial cells
from patie BE but not from patients with GERD without BE.”® This increase in CDX2 was

dependentgn NF-kB as demonstrated by treatment with the NF-kB pathway inhibitor BAY 11-7085

4

differentiation t&Wards a BE phenotype over a squamous phenotype.

preventing promoter activation. Thus, molecular differences in pro-proliferative and

inflammatg aling pathway activation in response to acid and bile exposure may favor

Transc s Involved in Barrett’s esophagus

Conceptua ould start with downregulation of transcription factors that specify squamous

Transcriptiﬁrs work downstream of signaling pathways to induce Barrett’s metaplasia.
&
differentiationand upregulation of transcription factors that specify columnar differentiation.”® This
could be f@llowed by intestinal differentiation with some cells differentiating into a secretory cell
such as'a goblet cell. SOX2 and p63 have dual roles as stem cell markers and squamous transcription
factors. Mi eterozygous for a Sox2 knockout allele and a Sox2 hypomorph allele develop esophagi
lined by simple colimnar epithelium with areas of multilayered epithelium and some cells containing
mucus.®® Knockout of p63 in mice leads to embryonic lethality. Prior to birth, epithelial cells of the
gastroi tract proximal to the mouse SCJ were simple columnar and expressed mucin in the
knockout e compared with stratified squamous epithelium without mucin in wild-type

embryos.* Human Barrett’s epithelium does not express either SOX2 or p63, consistent with their
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roles as squamous transcription factors in the esophagus.” Additional supporting data include the
identification of SOX2 as an oncogene in foregut squamous cell carcinomas and the finding that nitric
oxide, th concentrations in patients with GERD, decreases SOX2 levels in esophageal
epithelial ¢ ile inducing CDX2 expression.®  SOX9, a target of Wnt signaling in intestinal
crypts, is &/ expressed by esophageal epithelium, but it can be induced by surgically
inducedmrefiuxmimmmice.®®> In contrast with normal esophageal squamous epithelium, SOX9 is
uniformly d in human BE and is a target gene of forced BMP4 signaling.”’” SOX9

overexpressgién uman and mouse esophageal epithelium induced expression of the columnar

H

genes KRT. 718 and a more columnar-like phenotype.®” ® CDX1 and CDX2 are homeobox

genes tha intestinal differentiation and are expressed by Barrett’s epithelium. CDX1

S

overexpres iesophageal epithelial cells leads to upregulation of CDX2.*> Cdx2 heterozygote

mice develop intestinal adenomatous polyps covered with keratinized squamous epithelium,

U

demonstra requirement for CDX2 to form normal intestine.®® Gene targets of CDX2 include

the intesti genes MUC2, Sucrose-Isomaltase, Villin, CK20, and CDX2 itself.”” Other intestinal

I

transcripti expressed in BE include GATA4 and GATA6.®” GATA4 and GATAG6 are required

for intesti differentiation as compound knockout mice had a decreased number of

al

enterocytesan teroendocrine cells and an increased number of goblet cells.®® In the small

intestings specifies jejunal versus ileal phenotype, while in embryonic cells, GATA6 positively

87, 89

regulates | dgehog expression. FOXA2 is a transcription factor expressed by Barrett’s

Vi

epitheli overexpression in squamous esophageal epithelial cells induced expression of

MUC2. FOXA2 also upregulates expression of the gene AGR2, which is expressed in Barrett’s

]

epithelium quired for post-translational modification of MUC2 to its mature form.”® KLF4

and KLF5 finger transcription factors which can be upregulated by bile acids and are

&

85,91

expressed t's epithelium. KLF5 has been reported to be upregulated by bile acids and to

positively the expression of CDX2 leading to a columnar phenotype when KLF5 was

n

overex i ophageal squamous epithelial cells.”® KLF4 can be upregulated by BMP4 or bile

[

acids vi naling and is inhibited by Notch signaling, leading to squamous esophageal

85,92

epithelium ng columnar and mucin genes and downregulating squamous genes.

U

A
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The role of microRNA in Barrett’s esophagus

More recen e role of microRNAs (miRNAs) in Barrett’s pathogenesis has been investigated.

miRNAs ar w oncoding RNA molecules that silence their target gene expression. Comparison

of squamoWnd EAC patient biopsies led to the identification of miR-215, miR-192, miR-194,

miR-143, id miR-145 as being more highly expressed in Barrett’'s epithelium compared with

squamoustwm.93 Overexpression of miR-145 in squamous esophageal epithelial HET-1A cells
tic

and meta R-T Barrett’s cells led to decreased cellular proliferation and decreased mRNA
levels of G P4, and SOX9. Treating cells with BMP4 led to decreased miR-145 levels. Based
on these s sgthe authors suggested that miR-145 maintains columnar metaplasia by adjusting

levels of G . P4, and SOX9 and preventing progression to cancer. miR-194, miR-200c, miR-21,
and miR-lm upregulated in BE and target various signaling pathways. miR-194 targets SUFU,
a negative r of the Hedgehog pathway; loss of SUFU should increase Hedgehog pathway
activity an gene expression.”® miR-200c targets the BMP inhibitor Noggin, leading to
increased mzling, and the Notch ligand JAG1, leading to decreased Notch signaling.”> miR-21

and miR-1

signalin I 'miR-130b, and miR-181b are also upregulated in Barrett’s epithelium and
positively re NF-kB signaling. Other miRNAs with altered expression in BE regulate the ERK,

TGFB, a

et different Notch ligands and agonists, all of which would lead to loss of Notch

ways.”> Given miRNA regulation of many pathways involved in BE pathogenesis,

further investigation of miRNA expression in patient tissues and validation of their proposed

functions aMnted.

O

Epigenetic sms in Barrett’s esophagus

EpigeneMn of the above signaling pathways and transcription factors may also participate

in the met rocess. It is known that as embryonic cells differentiate, their chromatin changes
from a mo configuration to a more closed configuration. A second epigenetic mechanism is
CpG islan ation in promoters leading to gene silencing. Treatment of esophageal squamous
epithelia ith the demethylating agent 5-aza-2’-deoxycytidine led to re-expression of CDX2,

suggesting that reversal of epigenetic changes may play a role in BE pathogenesis.”® Furthermore,
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since FOXA and GATA proteins are pioneer transcription factors, they are able to initiate and

maintain regions of open chromatin, which could lead to cell plasticity.”’

Regardlesst! !He exact molecular mechanism involved, reprogramming must occur in the BE cell of
d @ the postulated cells would normally give rise to specialized intestinal metaplasia.

elfular phenotypes seen in BE, such as stem cells to maintain Barrett’s epithelium,
. . . . .

proliferative intestinal glands, and columnar and differentiated intestinal cells, occurs through
activation\hng pathways, transcription factors, and miRNAs that are normally expressed in

intestinal @pitheliun.

C

Conclusion

BE is aninc common condition and the only known precursor to EAC. Our understanding of

FIUS

the basic b of Barrett’s has progressed considerably in recent years. The development of BE is

a complex i of environmental and anatomical factors, the breakdown of esophageal barrier

function, afid acular and cellular pathways. Advancements in our knowledge and understanding

of BE improve our risk stratification ability and underpin the development of more

targeted an jve therapeutic strategies to combat Barrett’s carcinogenesis.
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