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Metaplasia is an adaptative response to injury and 
inflammation and can be a precursor to dysplasia and 
cancer. Metaplasia in the esophagus, termed Barrett’s 
esophagus, is the replacement of the stratified squamous 
epithelium by glandular tissue comprising gastric and/or 
intestinal cell lineages. Metaplasia in the stomach can be 
divided further into pyloric metaplasia, in which corpus 
glands become more antral-like, or gastric intestinal 
metaplasia (GIM), in which gastric cells are replaced by 
intestinal cell lineages, with the latter subdivided into 
complete and incomplete. The routine diagnosis of meta-
plasia and dysplasia is performed by examining hema-
toxylin and eosin-stained sections and mucin 
immunohistochemistry. However, these methods fail to 
capture the cellular diversity across glands and the mo-
lecular changes in cells that can predict possible pro-
gression to dysplasia or cancer. The use of 
immunohistochemistry- or immunofluorescence-based 
biomarkers can improve our understanding of gland 
phenotypes and aid the differentiation of metaplastic and 
dysplastic transitions. Here, we provide an overview of the 
pathophysiology of metaplasia in the esophagus and 
stomach and detail the current understanding of 
biomarker expression across metaplastic transitions. We 
suggest a cohort of biomarkers that can differentiate be-
tween metaplastic phenotypes in the esophagus (gastric-
type and intestinal-type) and the stomach (pyloric meta-
plasia, incomplete GIM, and complete GIM) that might be 
used in research and clinical settings. Importantly, we 
detail the status of dysplasia biomarkers in both the 
esophagus and stomach, which may have clinical relevance 
in stratification of high-risk patients. (Cell Mol Gastro-
enterol Hepatol 2025;19:101611; https://doi.org/ 
10.1016/j.jcmgh.2025.101611)
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M etaplasia is a form of progenitor cell plasticity in 
which normal cell lineages are replaced by a 

different cell type, either from the same tissue, as observed 
in pancreatic acinar-to-ductal metaplasia, or from a 
different organ, as observed in esophageal metaplasia. 1 

Metaplasia is an adaptative response to injury and inflam-
mation, and may be a precursor for dysplasia and cancer. 1 

Esophageal metaplasia, termed Barrett’s esophagus (BE), is 
characterized by the replacement of a stratified squamous
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epithelium in the distal esophagus near the gastroesopha-
geal junction (GEJ) by a columnar epithelium, which con-
tains gastric and/or intestinal cell lineages 2 (Figure 1A). 
The presence of intestinal metaplasia (IM) has been asso-
ciated with the progression of BE to esophageal adeno-
carcinoma (EAC) in a subset of cases. 3 Similarly, the 
presence of gastric IM (GIM) is associated with increased 
risk of gastric cancer. The clinical diagnosis of BE in the 
United States is currently contingent upon the presence of 
IM. Importantly, professional guidelines differ around the 
world, with the presence of metaplastic columnar epithe-
lium sufficient to diagnose BE in the United Kingdom, 4 and

thus, there remain discrepancies in the clinical definition of 
BE. 3 For this overview, we will use the United Kingdom 
definition of BE, as it is the most inclusive and subclassifies 
metaplastic glands into either gastric or intestinal type.

Metaplasia in the stomach can be divided into 2 major 
subtypes, namely pyloric metaplasia (PM) and IM 
(Figure 1B). In gastric PM, the corpus glands of the stomach 
become more antral-like with loss of parietal and chief cells 
and expansion of foveolar and deep antral gland-like mu-
cous cells, termed spasmolytic-polypeptide-expressing 
metaplasia (SPEM) cells. 5,6 GIM can be subclassified as 
complete or incomplete. Complete GIM harbors entire

Figure 1. Overview of metaplastic phenotypes in the esophagus and stomach. (A) Metaplastic glands in the esophagus 
can resemble gastric glands (gastric metaplasia) or intestinal glands (IM). Gastric metaplastic glands lack goblet cells, have 
CDX2-negative foveolar cells, and may contain parietal and chief cells. Intestinal metaplastic glands contain goblet cells and 
CDX2 positive foveolar cells, lack parietal and chief cells, and may contain Paneth cells in the deep glands. Expression of 
MUC5AC, CDH17, and TFF3 can distinguish gastric-type and intestinal-type glands in metaplasia of the esophagus. 
Abnormal p53 expression (increase or absence) is commonly observed in dysplasia. P16 and Cyclin D1 expression is 
frequently increased in dysplastic glands. (B) PM is characterized by foveolar hyperplasia in the upper gland and SPEM cells 
in the base of the gland. Incomplete GIM glands also contain SPEM cells at their base along with goblet cells throughout the 
gland. Complete GIM glands resemble a small intestinal gland with abundant well-defined goblet cells, absorptive enter-
ocytes, and lack of SPEM cells. Complete GIM glands may contain Paneth cells. Pyloric metaplasia glands can be identified 
by AQP5 and CD44v9 staining of SPEM cells but negative for intestinal cell markers (CDH17, TFF3, CD10, and DEFA5). 
Incomplete GIM stains positive for SPEM cell markers (AQP5, CD44v9) and intestinal cell markers (CDH17, TFF3) but 
negative for CD10 and DEFA5. Complete GIM has no SPEM cell marker expression and expresses CDH17, TFF3 and CD10. 
DEFA5 is only present in complete GIM glands but not all complete GIM glands will be positive for DEFA5. TROP2 and 
CEACAM5 expression is increased in dysplasia. SOX2 expression is reduced in dysplasia. Colored text denotes expression; 
red = positive, blue = negative.

2 Dunbar et al Cellular and Molecular Gastroenterology and Hepatology Vol. 19, Iss. 12

101611



intestinal glands containing a crypt to villus structure 
resembling the small intestine. 5 By contrast, incomplete 
GIM is a disorganized gland containing both intestinal and 
gastric cell lineages and is associated with a higher risk of 
dysplastic transition and progression to cancer. 5,7 Impor-
tantly, a mixture of gland phenotypes and cell lineages is 
observed in both BE and gastric metaplasia.

Tissue biopsies allow the diagnosis and classification of 
metaplasia. Much of the classification of metaplasia has 
been performed through examination of hematoxylin and 
eosin (H&E)-stained sections and mucin histochemistry. 
Although these methods are extremely useful in defining 
patterns of metaplasia, they cannot elucidate the molecular 
changes within cells that might predict progression to 
dysplasia and cancer. To gain this level of detail that can be 
both quantifiable and predictable, we must employ a cohort 
of immunohistochemistry (IHC)- or immunofluorescence 
(IF)-based biomarkers that can define these transitions 
towards carcinogenesis. Herein, we examine the present 
knowledge to establish biomarker-based criteria for meta-
plasia and cell state transitions markers in BE and the 
stomach.

Columnar Metaplasia in the Esophagus
Pathophysiology of Metaplasia in the Esophagus

Esophageal columnar metaplasia is an adaptive 
response to chronic injury caused by gastroesophageal 
reflux disease (GERD). 1 In patients with GERD, a region of 
acid exposure extends beyond the GEJ, with studies esti-
mating that the distal esophagus could be exposed to acid 
for up to 10% of the day. 8 Repeated acid exposure and bile 
damage to the normal stratified squamous epithelium 
triggers chronic inflammation and induces adaptive repair 
through metaplasia. 8 These metaplastic mucous-secreting 
columnar cells, represented by either the gastric or the 
intestinal lineage, are more resilient to acid and bile 
exposure compared with the normal squamous epithe-
lium. 8,9 Multiple cell types have been proposed to be the 
cell of origin for metaplasia, including basal cells of the 
esophageal squamous epithelium, esophageal submucosal 
glands, and cells from the gastric cardia. 10–15 Substantial 
evidence from single-cell transcriptomics, lineage tracing, 
mouse models and esophagectomy patient specimens 
demonstrate that metaplastic lesions in the esophagus can 
originate from cells in the gastric cardia and that BE cells 
can progress into esophageal adenocarcinoma. 9,13,16–19 

However, evidence from porcine and human studies, 
including clonality studies, injury repair models, and 
esophagectomy tissue pathology, supports esophageal 
submucosal glands as a source of progenitor cells during 
epithelial injury repair and as a potential origin for 
BE. 11,12,20–22 Single-cell transcriptomics have identified 
expression of SPEM markers, similar to those observed in 
metaplasia of the stomach, in gastric type metaplastic 
glands in the esophagus, 19 which has led to the suggestion 
that a SPEM-like transition may be a precursor for BE. 23 

Early studies described heterogeneity in the esophageal 
metaplastic glands with 3 different types of metaplastic

glands identified: atrophic gastric-fundic epithelium, 
junctional-type epithelium with cardia mucus glands, and 
specialized intestinal mucosa with mucous glands and 
goblet cells. 2,24 This gland heterogeneity has now been 
subdivided further into 5 different gland phenotypes: 
atrophic corpus, oxyntocardiac, cardiac, specialized intes-
tinal, and mature intestinal. 25 Broadly speaking, the first 3 
gland types contain gastric cell lineages and can be 
described as gastric metaplasia, whereas the latter 2, which 
exhibit intestinal lineages including goblet cells, connote 
IM 26 (Figure 1A). Cardiac type and specialized intestinal 
glands are by far the most common phenotypes. 25 Inter-
estingly, these glands have different spatial and temporal 
distribution. Intestinalized glands are frequently found 
proximally and are commonly identified at the transition 
between the squamous epithelium and columnar meta-
plasia, whereas gastric-like glands, specifically cardiac 
glands, are frequently observed near the GEJ. 27 The density 
of goblet cells follows this spatial pattern, with high 
numbers of goblet cells observed in proximal glands and 
with lower numbers in the distal glands near the GEJ. 27 

This spatial distribution of goblet cells correlates with an 
esophageal luminal pH gradient that is lowest in the distal 
segment of BE (pH 2.2) and increases in the proximal 
segment of BE (pH 4.4). 28 Bile acid solubility is pH-
dependent, and duodenal bile acids, which are more solu-
ble in the proximal intermediate pH range, are known to 
induce goblet cell differentiation and may contribute to 
these spatial differences in goblet cell density. 29 Tempo-
rally, the initial metaplastic gland is likely a cardia-like 
gland that can then evolve to a more differentiated 
gastric gland or an intestinal gland. 29 Longitudinal studies 
of patients who have had a gastroesophagectomy reveal a 
cardiac-like mucosa in the distal esophagus within a few 
months which, in some patients, develops into an intesti-
nalized epithelium after several years. 17,30 Indeed, clonal 
tracing of glands has demonstrated that gastric and intes-
tinal metaplastic glands can originate from a shared 
progenitor. 25,31

Interestingly, gland heterogeneity has been associated 
with BE progression to dysplasia. Areas of nondysplastic BE 
that are adjacent to dysplasia exhibit higher gland diversity 
compared with other areas of nondysplastic BE. 25 Yet, the 
use of gland diversity as a biomarker is challenging, as 
pathologists rely upon small biopsy samples for diagnosis, 
which may not fully reflect gland heterogeneity. The 
discrepancy over whether intestinal cells must be present 
to diagnosis BE, as in the United States, or if the presence of 
columnar metaplasia is sufficient for diagnosis, as in the 
United Kingdom, is still a topic of debate. 3,4,32 A large-scale 
longitudinal study of BE progression in the United Kingdom 
showed a significantly lower risk of progression in patients 
with gastric metaplasia alone compared with those patients 
with intestinal cells. 33 Gastric metaplasia exhibits lower 
mutational burden than intestinalized glands. 19,33 There-
fore, it has been proposed that identifying patients with IM 
is most relevant for surveillance. 34 The cytosponge-trefoil 
factor 3 (TFF3) is an IHC biomarker-based nonendoscopic 
test that detects intestinalized TFF3+ metaplastic cells and

2025 Metaplasia Markers in the Esophagus and Stomach 3

101611



has shown an improved detection of BE in clinical trials. 35 

Importantly, clonal tracing of EAC lesions has identified 
that EAC can originate from nongoblet cells expressing 
gastric-like metaplastic glands. 36 Thus identifying only 
goblet cell-positive metaplasia may miss some at-risk pa-
tients. 36 Combining the identification of dysplastic cells on 
cytosponge samples, identified by p53 IHC and glandular 
atypia, with patient demographics has shown promise in 
the stratification of high-risk patients. 37 Similarly, the Tis-
sueCypher BE test (TSP-9) combines protein expression, 
using an IF biomarker panel of 9 proteins (p53, p16, 
AMACR, HER2, CK20, CD68, COX-2, HIF-1α, CD45RO), and 
features of tissue architecture to stratify BE patients into 
low, intermediate, or high risk of progression. 38,39 The TSP-
9 test has exhibited encouraging results in clinical trials 
and its use has been endorsed by an American Gastroen-
terological Association clinical practice guideline. 39,40

Biomarkers of Columnar Metaplasia in the 
Esophagus

BE diagnosis in the United States requires the presence 
of goblet cells, which can be observed using routine H&E 
staining. Goblet cells are columnar cells with a large mucin-
filled globule in the cytoplasm and a small triangular nu-
cleus in the base. 41 Additional staining with Alcian Blue (pH 
2.5) or Periodic Acid Schiff (PAS) can be used to identify 
goblet cells in humans, which will appear bright blue or 
dark purple, respectively. 41 In the context of BE, Alcian blue 
staining reflects expression of mucin 2 (MUC2), whereas 
PAS reflects mucin 5 subtype AC (MUC5AC). Subtle changes 
in the appearance of nuclei, such as darker and enlarged 
nuclei, can indicate low-grade dysplasia (LGD). 41 However, 
LGD is difficult to diagnose reliably on H&E and has poor 
interobserver agreement. High-grade dysplasia (HGD) ex-
hibits more obvious abnormalities, including prominent 
nucleoli, loss of nuclear polarity, increased mitosis, and 
glandular cribriforming. 41 For an extensive characteriza-
tion of metaplastic gland phenotypes and transitions in the 
esophagus, staining for protein biomarkers is required. 

We have compiled an extensive list of proteins previ-
ously tested in human esophageal tissues to identify 
metaplasia and/or dysplasia (Table 1). We have attempted 
to identify markers that can distinguish between gastric-
type and intestinal-type metaplasia in the esophagus. 
However, most reports have only validated markers in IM, 
and thus, specific markers of gastric-type glands are 
limited. 26 Importantly, intestinal-type glands in the esoph-
agus are comprised of a mixture of gastric and intestinal 
cell markers, similar to the incomplete GIM phenotype. 42 

For example, intestinal metaplastic glands often express 
both gastric mucins (MUC5AC, mucin 6 [MUC6]) and in-
testinal mucins (MUC2). 43 Trefoil factor proteins are 
coexpressed with these mucins; trefoil factor 1 (TFF1)/ 
MUC5AC, trefoil factor 2 (TFF2)/MUC6, and TFF3/MUC2. 43 

Caudal type homeobox 2 (CDX2) and cadherin-17 (CDH17) 
are robust markers of intestinal-type metaplasia, and their 
lack of expression has also been observed in gastric-type 
metaplasia. 44 We can surmise that several markers used

in the stomach may have utility in identifying gastric-type 
metaplasia in the esophagus. For example, claudin 18 
(CLDN18) is a specific marker of gastric lineages and, when 
used in combination with the intestinal marker CDH17, can 
distinguish between gastric and intestinal cell lineages in 
pediatric patients with gut mispatterning. 45 Similarly, we 
would predict gastric-type metaplasia would lack expres-
sion of other common intestinal cell type markers, such is 
villin or TFF3.

The presence of dysplasia, especially HGD, increases the 
risk of progression to EAC. Therefore, a sensitive and spe-
cific method to identify dysplasia is essential to stratify the 
most at-risk patients for additional screening and to 
advance molecular and cell biology studies of EAC initia-
tion. P53 expression has been repeatedly shown to increase 
in dysplasia and correlates with the acquisition of TP53 
mutations, which cause stabilization of the p53 protein. 
This occurs early in the metaplasia-dysplasia-cancer 
cascade and is associated with progression. 47,77,78 likely 
due to differentiation arrest of gastric cardia stem cells. 75 

However, a subset of high-grade dysplastic lesions loses 
p53 protein expression, and thus, careful evaluation for 
abnormal staining patterns including absence of p53 
expression is crucial. 47,77,68 Markers associated with cell 
cycle regulation and proliferation (Cyclin D1, mini-
chromosome maintenance proteins 2–7 [MCM2], Aurora 
kinase A) are all increased in dysplasia. 47,46 Several pro-
teins have altered subcellular localization. For example, ß- 
catenin is predominantly located at the membrane in 
metaplasia with increased nuclear staining occurring in 
dysplasia, indicative of increased Wnt signaling. 47 Overall, 
these markers associated with increase cell proliferation 
have shown promise for detecting dysplasia, but validation 
in follow-up studies is required to assess the consistency 
and reliability of these markers. 47 Interestingly, recent 
publications indicate that dysplastic markers validated in 
the stomach, such as trophoblast cell surface antigen 2 
(TROP2), may also have specificity in the esophagus. 75 

Indeed, we have promising results indicating coexpression 
of TROP2 and p53 in areas of dysplastic BE (Figure 2). 
Importantly, TROP2 is expressed in normal squamous 
esophageal epithelium, but TROP2 levels are reduced in 
nondysplastic columnar metaplasia before increasing in 
dysplasia. 74

A Biomarker Panel to Distinguish Columnar 
Metaplasia and Dysplasia of the Esophagus

To differentiate metaplastic and dysplastic transitions 
reliably, we suggest a panel of reliable protein markers that 
have been validated in human esophageal tissues 
(Figure 1A). Intestinal-type glands can be confidently 
identified by the presence of goblet cells and the intestinal 
markers CDH17 or TFF3. 44,47,50 Specific gastric-type gland 
markers have not been validated, but the lack of CDH17 or 
TFF3 expression combined with the presence of MUC5AC, 25 

which is also expressed in intestinal-type glands, can 
identify gastric-type glands. Abnormal p53 expression is a 
dominant marker of dysplasia and predictive of
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Table 1.Biomarker Expression of Metaplasia in the Esophagus

Marker

Esophageal metaplasia

Gastric-type metaplasia Intestinal-type metaplasia Dysplasia

Lower gland Upper gland Lower gland Upper gland Lower gland Upper gland

Aurora Kinase A Negative 46 Negative 37,46 Positive 37,46 Positive 37,46

ß-catenin – Membrane positivity 47 Cytoplasmic and nuclear 
positivity with/without loss of 

membrane positivity 47

CD44H (and V6) – Weak positive 48 Negative 48 Positive 48 Positive 48

CDH17 Negative 44 Positive 44 Positive 44

CDX1 – Positive 49 Positive 49 –

CDX2 Negative or focal 
positivity 44,50–53

Positive 44,50–55 Positive 44,54–56

c-Myc – Weak positive 37,55 Positive 37,55

Cyclin A – Positive 57 Negative 57 Positive 57 Positive 57

Cyclin D1 – Negative or focal positivity 47 Positive 47 Positive 47

Cytokeratin 7 – Positive 58–60 Positive 58–60 –

Cytokeratin 20 – Negative 58–60 Positive 58–60 –

Das-1 – Positive 58,60,61 –

EGFR – Negative or weak positive 62 Positive 62

FABP1 Negative 44 Negative 44 Positive 44 Positive 44 Positive 44

FXR – Positive 63 Negative 63

GATA4 – Positive 64 –

GATA6 – – Positive 65 Positive 65

HepPar-1 Negative 44,53 Positive 44,53 Positive 44

HIF-2α Negative 66 Negative 66 Weak positive 66

Jagged – Weak positive 55 Positive 55

MCM2 – Negative or focal positivity 47 Negative 47 Positive 47 Positive 47

MUC2 Negative 52 Negative 52 Negative 42,43,47,52,60 Positive 42,43,47,52,60 Positive 43,47,56 Positive 43,47,56

MUC5AC Negative 25 Positive 25 Negative 42,43,60 Positive 42,43,60 Negative 43,56 Positive 43,56

MUC6 – Positive 42,43 Negative 42,43 Positive 42,43 Negative 42,43

P120-catenin – Membrane positivity 55 Cytoplasmic positivity 55

P16 – Negative or weak positive 47 Negative 47 Cytoplasmic and nuclear 
positivity 47

P504S – Negative or weak positive 67 Positive 67

p53 – Negative or weak positive 37,47,56,68,69 Positive 37,47,56,68,69

SCD – Weak positive 70 Positive 70

SHH – Focal positivity 47 –

SOX2 – Positive 71 Reduced expression 71

SOX9 Weak focal positivity 51 Positive 51 Positive 51 –

TFF1 – Negative 43 Positive 43 Negative 43 Positive 43

TFF2 – Positive 42,43 Negative 42,43 Positive 43 Negative 43

TFF3 – Positive 43,47,72,73 Positive 43,47,72,73 Positive 42,43,47 Positive 42,43,47

TROP2 – Weak positive 74 Positive 75

Villin Negative or scattered positive 
cells 53

Positive 53,76 Positive 53,76 Positive 56 Positive 56

NOTE: Expression of proteins, using IHC or IF, in human esophageal tissues displaying gastric-type metaplasia, intestinal-
type metaplasia and dysplasia. Where possible, the localization of marker expression has been denoted as either lower and/ 
or upper gland. Merged wells indicate that the localization details of the marker were not present in the reported literature. 
Wells are color-coded as follows: blue = negative; red = positive; yellow = weak expression or changed cellular localization. 
IF, immunofluorescence; IHC, immunohistochemistry.
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progression. 37,47,77,68 Importantly, abnormal expression 
can be scored based on the percentage of p53 + nuclei per 
gland or the total absence of p53 staining in all epithelial 
cells within a gland, reflecting the presence of a stabilizing 
p53 mutation or p53 loss, respectively. 77 In addition to p53, 
we suggest using a second biomarker such as P16 or Cyclin 
D1, which are both increased in dysplasia. 47 Distinguishing 
metaplastic and dysplastic transitions in the esophagus is 
critical for basic research as we elucidate the mechanisms 
of BE and EAC initiation and progression.

Clinically, there are several noninvasive biomarker-
based screening tests, including the Cytosponge-TFF3 and 
TSP-9 test, which are currently being used for early 
detection, surveillance, and risk stratification of patients 
with BE. 35,39,40 There is an ongoing debate regarding the 
appropriate surveillance intervals for patients with BE 
depending upon histology and risk factors. Longitudinal 
studies have found that intestinal-type BE glands give rise 
to dysplasia and EAC, and thus, are the most relevant for 
patient diagnosis. 33 However, given that studies have found 
that gastric-type glands are a precursor to intestinal-type 
glands, 30 it may be that these patients with gastric-type 
only are an early cohort and still warrant surveillance, 
but just at less frequent intervals. Additionally, recent re-
sults suggest that gland diversity in BE is associated with 
dysplasia. 25 These studies highlight the importance of

differentiating the types of metaplastic glands in BE for risk 
stratification. There is a lack of research comparing marker 
expression between gastric and intestinal-type glands in 
BE, but established gastric metaplasia markers could 
potentially be used to help differentiate BE gland pheno-
types. Future studies should address this gap to improve 
our understanding of disease progression.

Metaplasia in the Stomach
Pathophysiology of Metaplasia in the Stomach

The pathway to gastric carcinogenesis in both humans 
and mice is perhaps the best and most studied example of a 
metaplasia to dysplasia cascade. 79 The cascade begins with 
gastric epithelial damage and loss of chief cells and parietal 
cells, most often in the setting of chronic Helicobacter pylori 
(H. pylori) infection. 5,80 This initial damage leads to the 
development of pyloric metaplasia in the corpus of the 
stomach. The pyloric metaplastic gland consists of SPEM 
cell lineages in the deep glands, with more luminal foveolar 
lineages towards the surface 81 (Figure 1B). This corpus 
gland metaplasia phenotype resembles the lineage charac-
teristics of the antral glands without expression of gastrin.

Pyloric metaplasia is considered a reparative lineage 
that can appear in individual damaged corpus glands. 
Chronic injury and inflammation foster the development of

Figure 2. Dual expression 
of p53 and TROP2 in 
high-grade dysplastic BE. 
Representative images of 
high-grade dysplastic BE 
tissue stained with either 
H&E or costained with anti-
TROP2 and anti-p53 anti-
bodies by immunofluores-
cence. TROP2 is often 
coexpressed with p53, 
which is increased in 
dysplastic tissues. Scale 
bar = 100 μm.
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intestinal lineages. This pathway of intestinalization was 
first noted as precancerous by Pelayo Correa and others in 
the field. 82,83 Two types of IM are observed in patients in 
both the corpus and antrum. Complete IM glands contain 
well-formed mature goblet cells and mature absorptive 
type intestinal enterocytes. 84 Additionally, these glands 
often demonstrate the presence of Paneth cells at their 
bases. 84 Similar to fully mature goblet-cell columnar 
metaplasia in BE, these alterations in the lining of the 
stomach may be considered a successful adaptation to 
chronic mucosal injury. However, their precancerous na-
ture seems less apparent.

Incomplete IM represents a gland phenotype with a 
mixture of gastric and intestinal lineages. 84 SPEM cell lin-
eages are retained at the base of glands deep to a group of 
proliferative cells that are surmounted towards the lumen 
by immature intestinalized lineages and immature goblet 
cells. 5,85 This gland structure carries the highest risk for 
development of gastric cancer. 7 Metaplasia in individual 
gland units can develop somewhat autonomously, replacing 
normal secretory lineages. The metaplastic mucosa often 
comprises an admixture of complete and incomplete IM 
glands. Thus, a gland with dangerous implications may 
exist within a greater field of benign compete IM. There-
fore, it is crucial to distinguish with high certainty the 
markers for incomplete IM separately from complete IM 
and determine which precancerous metaplasia units or 
glands can progress to dysplasia and cancer.

As with esophageal IM, the cell(s) of origin for gastric 
metaplasia may not be restricted to one cell type or lineage. 
Mouse models have been informative. In the corpus, it has 
been reported that SPEM cell lineages can arise from 
transdifferentiation of chief cells in mucous metaplasia. 86,87 

Others have reported that gastric metaplasia/SPEM 
following inflammation and injury to the corpus arises from 
isthmal stem/progenitor cells. 88 It is conceivable, albeit not 
established, that the cell of origin may change temporally or 
switch during a particular phase of injury/repair.

Biomarkers of Metaplasia in the Stomach
Parietal and chief cell morphology is distinctive in H&E 

staining. Parietal cells are large oval-triangular shaped cells 
with a central nucleus and a pink staining granular cyto-
plasm. Chief cells are found in the base of glands and have a 
distinct blue staining base of cytoplasm with a granular 
cytoplasm. PM is characterized by the presence of mucus-
secreting antral gland cells in the lower gland and loss of 
both parietal and chief cells and can be diagnosed by H&E 
staining. 89 Complete and incomplete GIM is also identified 
by H&E staining. Complete GIM resembles small intestinal 
crypts with pink enterocytes forming a brush border, 
abundant well-formed goblet cells, and Paneth cells with 
eosinophilic granules. 90 Incomplete GIM is a less differen-
tiated phenotype and does not have any brush border cells 
or Paneth cells. 84 Incomplete GIM glands contain a mixture 
of goblet cells with heterogenous morphologies containing 
variable and irregular sized mucin droplets in the 
cytoplasm. 84,90

GIM was originally classified into 3 subtypes (types 1–3) 
based on the type of mucins secreted. 84,90 PAS stains 
neutral mucins magenta, Alcian blue (pH 2.5) stains acid 
mucins blue, and high iron diamine (HID) stains sulfomu-
cins brown. 84,90 Neutral mucins are normally expressed in 
the stomach and acid mucins are found throughout the 
small intestine and colon, whereas sulfomucins are 
restricted to the colon. 84,90 Complete GIM, previously 
known as type 1, resembles a small intestinal crypt, and as 
such, stains positive for acid mucins in goblet cells and 
negative for mucins in columnar cells. 84,90 Incomplete GIM, 
which includes type 2 and 3, has a mixture of gastric and 
intestinal lineages and thus, has variable staining of all 
mucins with acid mucins in goblet cells and acid/neutral 
mucins in columnar cells. 84,90 The presence of sulfomucins 
in columnar cells distinguishes type 2 and 3, with type 3 
positive for sulfomucins. 84,90 Although HID staining can be 
quite informative, the reagents are toxic, thus the staining 
is rarely performed.

We have compiled an extensive list of proteins that have 
been tested in human gastric metaplasia and dysplasia 
(Table 2). We have attempted to identify and nominate 
biomarkers that can distinguish between PM, GIM (complete 
and incomplete), and dysplasia (Figure 1B; Figure 3). As 
previously noted, GIM has historically been classified into 3 
subtypes. For reports using this classification system, we 
have reclassified type 1 as complete and both type 2 and 3 as 
incomplete. Unfortunately, some very early reports do not 
differentiate between complete and incomplete GIM, and 
these are noted in Table 2. PM and incomplete GIM share 
SPEM cell lineages at the base of glands, and thus, both stain 
positively for cell markers such as aquaporin-5 (AQP5), 
CD44 variant 9 (CD44v9), griffonia simplicifolia lectin II 
(GSII), MUC6, and TFF2. 5 These markers are expressed in 
normal deep antral glands, and 3 of them (GSII, MUC6, and 
TFF2) are also expressed in the mucous neck cells of the 
corpus, but for the purposes of this review, we will designate 
these 5 markers as SPEM cell markers.

Although PM and incomplete GIM are similar in 
expressing SPEM cell markers at the base, the top of these 
glands differs significantly. PM is characterized by foveolar 
cell hyperplasia and a lack of goblet cells. The upper PM 
gland can be distinguished by MUC5AC/ulex europaeus 
agglutinin-1 (UEA1)-positive foveolar cells and the absence 
of intestinal markers such as CDH17, CDX2, TFF3, and 
Villin. 85,96,97,100 In contrast, complete GIM stains positive 
for these intestinal markers, but lacks expression of SPEM 
cell markers. Expression of CD10, a brush border marker, 
or defensin alpha 5 (DEFA5), a Paneth cell marker, con-
firms assignment of glands as complete GIM 85,92 (Figure 3). 
Incomplete intestinal metaplasia characteristically ex-
presses SPEM markers in gland base cells and basolateral 
TROP2 in more luminal cell lineages, 95,98 whereas complete 
GIM glands do not express TROP2 (Figure 3).

Distinguishing incomplete GIM from dysplasia is the 
most difficult transition state to discern, but several more 
specific markers have been proposed recently that might 
help define progression to dysplasia. Both carcinoem-
bryonic antigen-related cell adhesion molecule 5

2025 Metaplasia Markers in the Esophagus and Stomach 7

101611



Table
 
2.Biomarker Expression of Metaplasia

 
in
 
the
 
Stomach

Protein

Gastric
 
metaplasia

PM
 

Incomplete
 
IM
 

Complete
 
IM
 

Dysplasia

Lower Upper Lower Upper Lower Upper Lower Upper

ANPEP
 

– Positive
 
91 – –

AQP5 Positive
 
85 Negative

 
85 Positive

 
85 Negative

 
85 – Negative

 
85 -

CD10
 

– Negative
 
85,92

 Negative
 
85,92 Positive

 
85,92 –

CD133
 

– Negative
 
93,94

 Negative
 
93,94 Positive

 
(50%

 
dysplastic

 
samples) 

93

CD44
 

– Positive
 
94
 Positive

 
94
 Strongly positive

 
94

CD44v9 Positive
 
85 Negative

 
85 Positive

 
85,95 Negative

 
85,95 Positive

 
85 Negative

 
85
 Negative

 
95

CDH17 Negative
 
96 Positive

 
(entire

 
gland) 

96,97 –

CDX1
 

– Positive
 
49,98,99

 Positive
 
49,98,99

 Positive
 
49,98,99

 Positive
 
49,98,99 Positive

 
99
 Positive

 
99

CDX2 Negative
 
100 Positive

 
98,101,102

 Positive
 
98,101,102

 Strongly 
positive

 
98,101–103

Strongly
positive

 
98,101–103

Positive
 
98,101,102

 Positive
 
98,101,102

CEACAM5
 

– Positive
 
98
 Positive

 
98 Negative

 
98 Weakly positive

 
98 Positive

 
98
 Positive

 
98

Clusterin Positive
 
104,105 Negative

 
104,105 Positive

 
104,105 Negative

 
104,105

 Negative
 
104 –

Das1
 

– Positive
 
(30%

 
of samples) 

92 Negative
 
92
 Negative

 
92 –

DEFA5/HD5 Negative
 
85,96

 Negative
 
85,106 Positive

 
85,96,106 Negative

 
85,96,106 –

DMBT1
 

Negative
 
105 Variable

 
105 Positive

 
(base

 
of gland) 

105 –

FABP1 Negative
 
96 Positive

 
(entire

 
gland) 

96 –

GSII Positive
 
85 Negative

 
85 Positive

 
85 Negative

 
85
 Negative

 
85 –

LTF Positive
 
105 Negative

 
105 Positive

 
105 Negative

 
105

 Negative
 
105 –

MUC1 Negative
 
107 Positive

 
107 Positive

 
107 Positive

 
107 Negative

 
107 –

MUC2
 

– Positive
 
101,107

 Positive
 
101,103,107

 Positive
 
101

 Positive
 
101

MUC5AC Negative
 
96 Positive

 
96
 Positive

 
96,101,107–109

 Positive
 
96,101,107–109 Few

 
scattered

 
positive

cells 
96,101,103,107–109

Variable
 
101

MUC6 Positive
 
108 Negative

 
108 Positive

 
101,107,108 Negative

 
101,107,108

 Negative
 
101,107,108 Variable

 
101

MUC13 Negative
 
96 Positive

 
(upper gland) 

96 –

PDX1 Variable
 
108,110 Strongly positive

 
108 –

SCD1
 

– Positive
 
(upper gland) 

70
 Positive

 
70

SOX2
 

– Positive
 
98 Negative

 
98
 Negative

 
98,103 Reduced

 
expression

 
98 Negative

 
98

SOX9
 

– Positive
 
(lower gland) 

111 –

TFF1 Negative
 
112 Positive

 
112 Negative

 
109,113 Positive

 
109,113 Negative

 
109,113 Positive

 
109,113 –

TFF2 Positive
 
89,100,105 Negative

 
100,105 Positive

 
113 Negative

 
113

 Negative
 
113 Positive

 
(50%

 
of samples) 

114

TFF3 Negative
 
85 Positive

 
85,108,113 Positive

 
85,108,113

 Positive
 
85,95,108,113

 Positive
 
85,95,108,113

 Positive
 
95
 Positive

 
95

TROP2 Negative
 
95 Positive

 
85,95 Negative

 
85 Positive

 
95
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(CEACAM5) and TROP2 are expressed in incomplete GIM, 
but their expression increases further in dysplasia. 98 

Combining CEACAM5 and TROP2 staining quantification 
increases the ability to differentiate dysplasia from 
incomplete GIM, especially when loss of SPEM markers 
such as CD44v9 or AQP5 are noted 98 (Figure 3). Addi-
tionally, SRY-box transcription factor 2 (SOX2) expression 
is reduced in dysplasia compared to incomplete GIM, and 
thus the combination of 5 markers might further increase 
sensitivity for dysplasia detection. 98

A Biomarker Panel to Distinguish Metaplasia and 
Dysplasia of the Stomach

To differentiate gastric metaplasia subtypes, we pro-
pose a limited panel of biomarkers (Figure 1B). PM can be 
distinguished from GIM by the presence of SPEM cell 
markers, such as AQP5 and CD44v9 85 in the bases of glands 
with a lack of expression for intestinal markers, such as 
CDH17 and TFF3 85,96,100 (Figure 3). Incomplete GIM ex-
presses both SPEM cell markers and intestinal markers. 85 

Complete GIM does not express any SPEM cell markers and 
expresses intestinal markers, namely CDH17 and 
TFF3. 95,96,98 Complete GIM can also be distinguished by the 
presence of CD10, 85 a brush border marker, and DEFA5, 85 a 
Paneth cell marker. Importantly, CD10 and DEFA5 are 
specific for complete GIM, but the lack of staining may not 
exclude complete GIM, as CD10 staining can be inconsistent 
and Paneth cell abundance is variable. Therefore, it is 
important to consider a few different biomarkers plus the 
histological appearance when distinguishing different 
metaplastic glands. We suggest that costaining of TROP2 
and CEACAM5 can highlight incomplete GIM and transition 
to dysplasia. Although both markers are expressed in 
nondysplastic incomplete GIM, their expression is 
increased in dysplasia, and CEACAM5 staining often 
colocalizes with TROP2 on the basolateral membranes of 
dysplastic cells. 98 SOX2, CD44v9, and AQP5 expression is 
lost in dysplasia and can be used as further markers for 
confirmation. 98 As with all IHC or IF staining, there are 
several technical variables that may influence staining, such 
as tissue fixation duration, antigen retrieval, and antibody. 
Therefore, we strongly recommend the use of positive and 
negative controls when establishing these marker panels.

Correlation of Human Metaplastic 
Biomarkers in Mouse Models

Several key anatomical differences exist between the 
mouse and human esophagus and GEJ. The mouse esoph-
agus has a keratinized stratified squamous epithelium and 
lacks submucosal glands, and the forestomach is lined with 
a squamous epithelium as opposed to glandular tissue that 
is present in the distal stomach. 116 Overexpression of 
interleukin 1ß (IL-1ß) in the esophagus and forestomach in 
a transgenic mouse model induces metaplasia and 
dysplasia at the squamocolumnar junction, which mimics 
human BE. 13 These metaplastic glands do not have classical 
goblet cells but do contain mucus-secreting columnar cellsT
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and express MUC5AC, TFF2, and MUC2. 13,117 Exposure to 
bile acids accelerates the progression of metaplasia and 
eventual dysplasia. 13 However, L2-IL-1ß mice can develop 
both oral and esophageal squamous epithelial dysplasia 
and squamous cell carcinoma rather than just EAC. 118 

Despite this limitation, the L2-IL-1ß mouse is the predom-
inant mouse model used in BE research, and the effects of 
high-fat diet, overexpression of CDX2, and hyper-
gastrinemia on columnar metaplasia progression have all 
been studied using this model system. 116

The heterogeneity of gland phenotypes observed in 
human esophageal metaplasia is not observed in the L2-IL-
1ß mouse. Although some of the key human markers have 
been validated in these mice, a large proportion have 
not. 116 Dysplastic lesions have been identified based on 
H&E histology rather than markers, and thus, we do not 
know if the expression patterns of human dysplastic 
markers will be recapitulated in these models. P53 is the 
most robust human marker for dysplastic BE. Introduction 
of a TP53 mutation in the cardia progenitor cells of the L2-
IL-1ß mouse accelerates columnar metaplasia progression 
and increases dysplasia. 75 As expected, these lesions stain 
positively for p53. These dysplastic lesions also stain 
positively for TROP2, a robust marker of gastric dysplasia, 
in both humans and mice, and TROP2 is emerging as a 
potential marker of esophageal intestinal dysplasia in 
humans. 75 Interestingly, CD44v9 expression was detected 
in the metaplastic glands, but not the dysplastic glands of 
these mice. 75 Initial evidence suggests these markers may 
show specificity for metaplastic and dysplastic glands in 
human BE, although further studies are required. 75

In the past 20 years, several mouse models have reca-
pitulated the induction of metaplasia in the stomach. Most 
of these models demonstrate the induction of PM following 
loss of parietal cells either through Helicobacter sp. infec-
tion 119,120 or drug-induced loss of parietal cells. 121–123 In 
these mouse models, SPEM cells at the base of PM express 
AQP5 and CD44v9, mirroring patterns observed in the 
human stomach. More recently, several genetic models of 
targeted inducible expression of Kras(G12D) expression 
have led to models that induce a spectrum of metaplastic 
lesions from PM to incomplete IM and dysplasia. 70,124,125 

Again, in these models, SPEM lineages in PM as well as in 
incomplete GIM express CD44v9 and AQP5. Additionally, 
IM lineages express TFF3, and incomplete IM lesions ex-
press TROP2 and CLDN4 as in humans. Dysplastic lesions in 
mice express TROP2 in addition to CEACAM5 and SCD1, 
similar to findings in humans. Together, these results sug-
gest that there are similarities in biomarker expression 
along the metaplasia to dysplasia sequence in both humans 
and mice.

It should be noted that certain biomarkers are present 
only in humans or mice. Gastric intrinsic factor (GIF), which 
is a strong marker for chief cells in mice, is expressed only 
in parietal cells in humans. 126 Similarly, gastrokine 3 
(GKN3) expression marks mucous neck cells and SPEM 
lineages in mice, but GKN3 expression has not been 
confirmed in humans. 127,128 Although Alcian blue staining 
of goblet cells in intestinal metaplasia is often used in 
humans, Alcian blue staining is less reliable in mice, where 
strong Alcian blue staining is often seen in nongoblet cell 
morphology lineages including deep antral gland cells and

Figure 3. Unique staining 
patterns of gastric meta-
plasia subtypes and 
dysplasia. Schematics and 
representative images 
denote the different meta-
plastic phenotypes in the 
stomach. Normal corpus 
mucosa contains H/K 
ATPase-positive parietal 
cells and UEAI-positive 
foveolar cells. PM and 
incomplete IM both have 
CD44v9-positive SPEM 
cells at the base of their 
glands, but incomplete IM 
glands also express TROP2 
and basolateral CEACAM5. 
In dysplasia, CEACAM5 
expression is increased and 
more diffuse. Complete IM 
is negative for CD44v9, 
TROP2, and CEACAM5. 
Complete IM contains 
TFF3-positive goblet cells 
and CD10-positive brush 
border. Scale bar = 100 μm.
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some SPEM lineages. 129 These differences likely accrue 
from specific differences in terminal glycosylation patterns.

Conclusions
The metaplasia-dysplasia cascade, a precancerous pro-

cess, is observed across several cancers. Metaplasia of the 
esophagus and stomach in humans shares several charac-
teristics, including the presence of chronic inflammation, 
the presence of both gastric and intestinal cell lineages, 
gland diversity and heterogeneity, and some overlapping 
diagnostic protocols. Identifying metaplastic and dysplastic 
transitions is critical for the study of the pathophysiology of 
metaplasia and in cancer initiation. The strategic interpre-
tation of immunostaining markers can distinguish different 
metaplastic gland lineages from each other as well as from 
dysplasia (Figure 1). These markers provide more specific, 
definitive, and quantifiable indicators of gland pathophys-
iology, and we acknowledge the importance of multi-omics 
in this pursuit but emphasize the value of these markers for 
a more targeted approach. Importantly, these patterns of 
biomarker expression are observed in some mouse models 
of esophageal metaplasia, gastric atrophic gastritis, gastric 
metaplasia, and dysplasia. Previous interpretation of 
intramucosal pathology has been dominated by evaluation 
of H&E staining, which can often be controversial. 130 The 
use of IHC biomarkers therefore allows specific correlation 
between mouse pathology with human pathology. These 
biomarkers also provide critical criteria for analyzing 
studies in vitro as well as for animal studies that seek to 
alter the progression of metaplasia to dysplasia. Utilization 
of these biomarkers can thereby provide quantitative 
assessment of changes in protein expression characteristic 
of changes in cellular behaviors during the metaplastic and 
dysplastic transitions.

The presence of dysplasia is a major risk factor for 
cancer initiation in both the esophagus and stomach. The 
identification of high-risk patients is crucial, and there are 
several promising dysplasia markers that should be 
considered during diagnosis. Abnormal p53 expression, 
such as elevated expression and total absence of expres-
sion, is the most widely validated BE dysplasia marker. 
Other BE dysplasia markers require further validation 
across different cohorts to confirm sensitivity and speci-
ficity. Many of these biomarkers illustrate changes in 
localization or expression. Similarly, TROP2 and CEACAM5 
expression is increased in dysplastic lesions in the stomach, 
but some expression can also be detected in the nondys-
plastic incomplete GIM glands. These differences in 
expression may be obvious when metaplasia and dysplasia 
are present in the same slide, but more difficult to interpret 
if only one is present. We strongly recommend the use of 
positive and negative controls for all protein staining to aid 
interpretation. We anticipate that the gastric dysplastic 
markers will have validity as esophageal dysplasia markers 
too. Indeed, a recent publication showed TROP2 staining in 
a patient with dysplastic BE, 75 and further studies should 
seek to validate the sensitivity of these markers in a larger 
cohort of patients with BE. The use of dysplastic markers to

aid risk stratification of patients should be pursued to 
assist with both identifying high-risk patients for early 
intervention and reducing endoscopic screening in patients 
with lower risk.
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