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Esophageal cancer (EC) is the eighth most common cancer
in the world, with an estimated 604,100 new cases in 2020,
accounting for 3.1% of all cancer cases.1 Esophageal squa-
mous cell carcinoma (ESCC) and esophageal adenocarcino-
ma (EAC) are the two main histologic subtypes of EC. ESCC
predominantly affects developing countries and accounts
for more than 88.8% in Chinese EC patients,2,3 while EAC
predominantly affects developed countries and accounts
for 80.1% in EC patients from United States.4,5 Multiple risk
factors, such as Barrett’s esophagus, are associated with EC
development. Barrett’s esophagus is a typical metaplastic
disease that begins at the gastroesophageal junctions with
proximal displacement of the squamocolumnar junctions.
Intestinal metaplasia increases the propensity for ECs,
especially EACs, and may result from transcriptional
switches within gastric cell types or products of intestinal
cell types, but the exact origin is unclear. However, half of
EAC patients were not observed to have Barrett’s esophagus
at the time of diagnosis.6,7 Therefore, we cannot help but
ask the following question: does Barrett’s esophagus in-
crease the risk of EAC? This question can be answered by
determining the origin of Barrett’s esophagus. Most scien-
tists believe that Barrett’s esophagus originates from many
sources, such as various specific cell populations in the
gastroesophageal junctions and esophageal submucosal
glands. Lineage tracing studies in mouse models is the
primary method for exploring Barrett’s esophagus origin.
However, the squamous pregastric keratinization and lack
of esophageal submucosal glands make this animal model
unable to fully mimic human gastroesophageal physiology.
Additionally, isolation of esophageal submucosal glands
from fresh human tissue is particularly difficult. All of
these have become the major obstacles to lineage tracing
studies.

In a study recently published in Science, titled “Molecular
phenotyping reveals the identity of Barrett’s esophagus and
its malignant transition,” Nowicki-Osuch et al8 successfully
harvested the tissue samples across the gastroesophageal
junction and isolated esophageal submucosal glands from
patients and healthy individuals to explore the exact source
of Barrett’s esophagus. These tissue samples were analyzed
by single-cell transcriptomic profiling, in silico lineage trac-
ing of methylation, and somatic mutation/open chromatin
array. The functional validation was performed in organoid
models.

In brief, the authors immuno-stained pan-epithelial tis-
sues, squamous tissues, columnar tissues, and esophageal
submucosal glands of fresh human esophagus tissue with
cadherin 1 (CDH1), keratin 5 (KRT5), keratin 8 (KRT8), and
keratin 7 (KRT7) antibodies, respectively, and then used the
three-dimensional confocal microscopy to identify and iso-
late the ductal cells, oncocytes, mucous cells, and myoepi-
thelial cells. Theyobserved a population of P63þKRT5þKRT7þ

cells (transitional basal progenitor) in the intercalated and
main duct of esophageal submucosal glands, which is con-
sistent with previous studies and supports that this cell
population contributes to Barrett’s esophagus develop-
ment.9 However, they also observed that, contrary to previ-
ous studies, oncocytes (a population of cells characterized by
centrally located nuclei and eosinophilic cytoplasm) were
prevalent in Barrett’s esophagus-free donors and often
formed acini, indicated that they were associated with
Barrett’s esophagus development. Subsequent single cell-
RNA sequencing identified fourmajor cellular components of
fresh dissociated esophageal submucosal glands that were
quiescent (the vast majority of cells did not express the
division marker MKI67) and expressed transcripts previous-
ly unrelated to esophageal submucosal gland, including
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AGR2, MUC5B, and KRT23. Furthermore, the authors discov-
ered a distinct KRT7high population (consisted of
P63þKRT5þKRT7þ transitional basal cells, KRT7þMUC4þ re-
sidual embryonic cells, and MUC5Bhigh cells) at the normal
squamocolumnar junctions of Barrett’s esophagus-free
donors. This subpopulation exhibited high similarity to the
cells in esophageal submucosal gland, suggesting that it
might have the same origin as esophageal submucosal
glands. In contrast, they did not observe KRT7high popula-
tions or any intermediate cell populations in the squamoco-
lumnar junctions of patients with Barrett’s esophagus,
indicating that it is unlikely to transdifferentiate from nor-
mal esophagus cells to Barrett’s esophagus cells. Surprisingly,
the transcriptional, methylation, accessible chromatin, and
clonal mutation profiles of Barrett’s esophagus cells were
remarkably similar to their normal gastric cardia counter-
parts. To further investigate the molecular mechanisms
underlying Barrett’s esophagus development, the authors
performed gene set enrichment analysis and causal analysis
of genes differentially expressed between different stages of
Barrett’s esophagus and normal gastric cardia, and the find-
ings were elucidated in organoids established from normal
gastric cardia tissues. They demonstrated that the exogenous
expression of c-MYC and HNF4A in normal gastric cells drive
the expression of Barrett’s esophagus phenotype-associated
genes. As EACswith Barrett’s esophagus and Barrett’s esoph-
agus-free EACs have different clinical features and prognosis,
whether all EACswere derived fromBarrett’s esophagus cells
were further explored by performingmultisubject single cell
deconvolution analysis. These data suggested that EACs may
originate from undifferentiated Barrett’s esophagus cells,
regardless of whether apparent Barrett’s esophagus meta-
plasia is observed in diagnostic or pathological specimens.

Over the years, there have been only two hypotheses
about the origin of Barrett’s esophagus: residual embryonic
cell hypothesis10 and transitional basal cell hypothesis.9 Due
to the limitations in animal models and limited human
samples, human esophageal submucosal glands have never
been considered as the origin for Barrett’s esophagus. KRT7-
positive (KRT7þ) cells in mouse gastroesophageal region
have long been considered as a hallmark of Barrett’s esopha-
gus development. However, this study showed that KRT7þ

cells are not only present in Barrett’s esophagus, but also in
squamocolumnar junctions and esophageal submucosal
glands without Barrett’s esophagus. Recently, a single Bar-
rett’s esophagus gland with the same mutational spectrum
as an adjacent esophageal submucosal gland duct was iden-
tified in human tissue sections by a group from Cancer
Research United Kingdom.11 In addition, another group
fromUniversity of Oxford12 inferred that Barrett’s esophagus
may be derived from esophageal submucosal gland based on
single cell-RNA sequencing data of human endoscopic pinch
biopsies which included normal esophagus, normal gastric
cardia, and Barrett’s esophagus tissues. But none of these
studies specifically isolated esophageal submucosal glands.

Although the expression of c-MYC and HNF4A in Barrett’s
esophagus has been reported,13,14 they have always been
regardedas thebiomarkersofnormalesophageal-derivedcells.

Unlike the studies mentioned above, this study used normal
gastric cardia as a control tissue, which can more accurately
reveal the origin of Barrett’s esophagus. Furthermore, many
previous studies have tried to explore the origin of EAC by
analyzing Barrett’s esophagus and EAC bulk tissues through
gene expression microarray,13,14 but they all failed. The emer-
gence of single-cell profiling techniques provides strong tech-
nical support for solving this issue. This study adopted single-
cell profiling technique and showed that even though the
prognosis and evolutionary trajectories differed between
EAC patients, their EACs were all derived from gastric cells
through a Barrett’s esophagus-like metaplasia. Moreover, this
study also suggested that Barrett’s esophagus may be an
inevitable stage of tumor formation. This finding is consistent
withTheCancerGenomeAtlasstudywhichconcludedthatEAC
belongs to gastroesophageal adenocarcinoma spectrum.15

The strengths of this study include: (1) human cells being
analyzed were successfully isolated from superficial to sub-
mucosal compartments across the gastroesophageal junc-
tions; (2) comprehensive multi-omic profiling was
performed to reveal the origin of EAC. However, this study
has several limitations: (1) minuscule cell populations might
be lost during tissue preparation; (2) cannot prove the causal
link between the cell populations with similar transcrip-
tomes. Further single cell-based deep somatic lineage tracing
will help to address these limitations.

In summary, this study provides direct evidence for a
gastric origin for Barrett’s esophagus and demonstrated that
Barrett’s esophagus is a necessary step in the progression of
EAC. These findings provide a rationale for the development
of early clinical diagnosis and cancer prevention strategies.
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