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Metaplasia in the stomach is associated with tissue atrophy, and loss of acid-secreting 

parietal cells is thought to trigger the development of a metaplastic mucous cell lineage that 

expresses high levels of TFF2 (spasmolytic polypeptide). Spasmolytic polypeptide-

expressing metaplasia (SPEM) is linked to intestinal-type gastric adenocarcinoma and is also 

observed in numerous mouse models of parietal cell atrophy. Because SPEM may be the 

precursor to intestinal metaplasia and cancer, there has been intense interest in 

understanding how it arises. Genetic mouse models have been used to identify the cell-of-

origin by lineage tracing, with starkly different conclusions as to whether SPEM arises from 

a mature, differentiated cell or a stem/progenitor cell, even when the same genetic strains 

were studied1, 2 (Figure 1). The Mills laboratory has addressed this controversy in a recent 

report by using a different experimental approach to provide compelling evidence that 

SPEM arises from zymogenic chief cell transdifferentiation and not from a proliferative 

progenitor (Radyk et al., Gastroenterology in press).

Mouse models have been useful tools to study gastric metaplasia, with both chronic 

(Helicobacter infection, autoimmune gastritis) and acute (DMP-777, L635, tamoxifen) 

methods of parietal cell loss promoting SPEM. Cre-lox-based lineage tracing has been used 

to study the cellular source for SPEM. Several Cre drivers have been shown to mark cells 

that trace into SPEM, including Mist1-CreERT23, Lgr5–2A-CreERT24, Troy-eGFP-ires-
CreERT25, and eR1-CreERT26. Some of these Cre drivers have also been used to express 

oncogenic KrasG12D, which rapidly induces SPEM and subsequent intestinal-type gastric 

tumors, lending credence to the notion that SPEM can be a precursor to cancer4, 6–8.

The controversy over the cell-of-origin for SPEM emerged from different interpretations of 

lineage tracing experiments using Mist1-CreERT23, 7,8. MIST1 is a transcription factor 

expressed in mature chief cells as well as other cell types throughout the body whose main 

function is to secrete large amounts of protein.9 Thus, Mist1-CreERT2 is primarily 

expressed in zymogenic cells in the corpus gland base. The observation of rapid lineage 

tracing into SPEM with this Cre driver suggested that chief cells were the cell-of-origin for 
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SPEM.3 A similar conclusion was reached in lineage tracing experiments using Lgr5–2A-
CreERT2 and Troy-eGFP-ires-CreERT2 Cre drivers that are also expressed in subsets of 

zymogenic chief cells.4, 5 However, although it is indisputable that the primary site for Mist1 
expression in the stomach is in differentiated chief cells, Mist1 mRNA has also been 

observed in rare, ill-defined cells in the progenitor region of the gastric corpus4, 8. Because 

very occasional long-lasting Mist1-CreERT2 lineage traces can be observed emerging from 

the isthmus region, another study considered whether a progenitor cell was the true cell-of-

origin for SPEM.8 To test this, they used cell ablation techniques associated with lineage 

tracing to determine the effect of depletion of chief cells or progenitor cells, concluding that 

Mist1-expressing progenitors, and not chief cells, were the source of SPEM.8

To address this controversy, the Mills laboratory used a non-genetic approach to test whether 

a differentiated cell or a proliferating progenitor cell is the source of SPEM (Radyk et al., 

Gastroenterology 2018). The authors acutely induced SPEM with high-dose tamoxifen while 

effectively blocking proliferation with 5-fluorouracil and observed no effect on SPEM 

formation, suggesting that SPEM does not arise from a proliferating stem/progenitor cell. 

Further, careful morphometric analysis for specific differentiated cell types showed rapid 

SPEM formation from the gland base, with increased SPEM cell numbers tracking closely 

with decreases in chief cell numbers. They also identified hybrid cells showing features of 

both chief and SPEM cells, consistent with transitional cells. Additional analysis of cellular 

proliferation revealed increased numbers of proliferating cells after SPEM induction, 

including cells at the gland base. They concluded from this work that SPEM arises by 

transdifferentiation of mature chief cells. This group also examined human gastric 

adenocarcinoma samples and found that cells expressing SPEM markers primarily occurred 

at the base of glands and not in the isthmal stem cell zone, further suggesting that SPEM 

originates through zymogenic cell reprogramming and not via proliferation of a stem cell.

Cellular remodeling has been demonstrated in a variety of gastrointestinal tissues, often 

using inducible Cre drivers to mark non-proliferating cells to follow their fate after injury. In 

addition to gastric chief cells, facultative intestinal stem cells10, liver hepatocytes11 and 

pancreatic acinar cells12 have been demonstrated to serve as cellular sources to repair tissue 

damage. However, as highlighted above, there can be limitations to approaches that use Cre-

lox-based labeling methods13. Cre drivers often exhibit inappropriate expression patterns, 

and lox-Stop-lox lineage markers have markedly different sensitivities to Cre recombination, 

which can confound the analysis. In addition, many Cre drivers are tamoxifen-regulated, 

which can result in tissue toxicity when the lineage trace is activated14. The current study 

(Radyk et al., Gastro in press) avoided these limitations by using a non-lineage-tracing 

method to address the cell-of-origin of SPEM. Their conclusions support the majority of the 

earlier Cre-lox-based lineage tracing studies, confirming that chief cells and not proliferating 

progenitors are the source of SPEM.

Cellular plasticity is an intriguing facet of gastrointestinal cells. In response to injury, mature 

cell types can reprogram to promote tissue repair and regeneration. The cellular remodeling 

is characterized by loss of differentiated cellular features and development of new lineages 

by transdifferentiation or de-differentiation, depending on the tissue context.15 The newly 

programmed cells have the potential for expansion and differentiation to repair the damage. 
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Importantly, newly programmed cells can also convert into proliferating, regenerative cells. 

Understanding the molecular mechanisms regulating and driving cellular reprogramming in 

adult tissues in response to injury will be key to understanding the basic signaling pathways, 

epigenetic mechanisms, transcription factors and downstream effectors involved in tissue 

restitution. In turn, this information may identify novel therapeutic approaches for repair of 

gastrointestinal tissues.

Several future questions can be considered for further study of gastric tissue repair. What 

epigenetic mechanisms are used to reprogram differentiated cells to form metaplasia and 

allow cellular proliferation? What are the signals/cues initiating SPEM, and regulating 

persistence as a permanent cellular metaplasia vs. a transient cellular response to acute 

injury? Finally, do SPEM progenitors require inflammation or continued injury to induce 

proliferation and permanence?
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Figure 1. 
Competing theories for the cellular origin of Spasmolytic Polypeptide-Expressing 

Metaplasia (SPEM) in the stomach. Schematic representation of gastric chief cell-derived 

(A) vs. progenitor cell-derived (B) SPEM. Under homeostatic conditions (left), the gastric 

corpus is maintained by actively cycling stem and progenitor cells that proliferate and 

differentiate into mature epithelial cell types. After injury that results in parietal cell loss and 

gastric atrophy, such as observed with Helicobacter pylori infection or tamoxifen treatment, 

corpus glands undergo cellular remodeling with loss of chief cells and rapid development of 

Hibdon and Samuelson Page 5

Gastroenterology. Author manuscript; available in PMC 2019 September 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the metaplastic cell lineage termed SPEM. The cellular source of SPEM has been 

controversial due to differing interpretations of genetic lineage tracing data from analysis of 

Mist1-CreERT2 mice. In model A, SPEM is derived from transdifferentiation of mature 

MIST1+ chief cells. In model B, SPEM is derived from a slowly cycling MIST1+ progenitor 

cell that expands in response to injury. The Mills laboratory used a non-lineage tracing 

method to support Model A that SPEM arises from differentiated chief cells rather than a 

progenitor cell.
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