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1. Introduction

Stomach cancer arises within a field of precancerous metaplastic lineages. The present proposal focuses on
understanding the earliest stages of gastric carcinogenesis to define therapies that can prevent or reverse pre-
cancerous lesions. Two types of metaplasia are observed in the atrophic human stomach: intestinal metaplasia
and Spasmolytic Polypeptide (TFF2) Expressing Metaplasia (SPEM). Both of these metaplasias are associated
with development of intestinal type cancers in the stomach. We have recently developed a novel mouse model
for gastric pre-neoplasia, the Mist1-Kras mouse. In this mouse, tamoxifen treatment induces expression of
activated Kras(G12D) in mature chief cells in stomach, which incites a series of metaplastic transitions over the
following 4 months including first the evolution of SPEM, followed by the emergence of intestinal metaplasia.
Thus, this model recapitulates all of the pre-cancerous metaplastic changes observed in humans. We have
sought to utilize the Mist1-Kras mouse to provide insights into the factors that lead to the evolution of metaplasia
into neoplasia. We hypothesize that discrete populations of pre-neoplastic stem cells exist within metaplastic
lesions and represent cancer-initiating cells.

2. Keywords

Metaplasia, gastric cancer, pre-cancer, cancer stem cell, stem cell, organoid, gastroid
3. Accomplishments

Our aims remain unchanged

Specific Aim 1: We will utilize gastric metaplastic organoids derived from Mist1-Kras mice to determine
the carcinogenic properties of metaplastic lineages. Currently, there is no gastric cancer cell line, which
reflects the full spectrum of cancerous metaplastic conversions to gastric adenocarcinoma. We will establish
cultured metaplastic organoids marked with membrane-associated EGFP isolated from Mistl-Kras-mTmG
mouse stomachs 4 months after induction of active Kras. These lines will be used to evaluate in vitro whether
the metaplastic cells evolve to dysplastic or cancerous cells. Mistl-Kras organoids will also be re-implanted into
the gastric submucosa of mice and we will evaluate in vivo their progression to invasive metaplasia, invasive
cancer and metastatic cancer.

Specific Aim 2: We will identify putative gastric cancer stem/progenitor cells. For these studies, we will
isolate putative cancer stem cells from Mist1-Kras;Sox9-EGFP mice 4 months after induction of Ras activation in
chief cells. Flow sorting for GFP along with the metaplasia-associated CD44 variant 9 (CD44v9) will allow
isolation of putative cancer stem cells. We will also be able to isolate normal stem/progenitor cells by isolation of
GFP-positive, CD44v9 negative cells. These putative stem cells will be characterized by single-cell RNA
sequencing and we will evaluate their stem cell characteristics in clonal 3-dimensional culture and by re-
implantation into the mouse gastric mucosa.

Final report: We have organized this final report to describe progress and accomplishments for each of the
Aims as outlined in the Statement of Work.

Specific Aim 1:

Subaim 1A: Major Task 1:
This task was completed in Year 2 and published in Nature Commmunications.

Subaim 1A: Major Task 2:
We have evaluated the effects of putative pro-proliferative cytokines or autocrine factors secreted from dysplastic
cells on the metaplasia progression. We have performed co-culture studies using Metal organoids (SPEM



organoids) with cytokines such as IL-13 and IL-4. These IL-4 IL-4 IL-4
studies have unexpectedly identified a very high affinity 0.3ng/ml 0.6ng/ml 1ng/ml
receptor for IL-13 that also shows a lower effect by IL-4 on the
activation of phospho-Stat6 (Figure 1). Since the IL-13
receptor is a heterodimer with the IL-4 receptor, usually the IL-
13 effects are seen as equal to or less than IL-4. The findings
indicate that metaplastic gastric cells harbor an IL-13 receptor
with unusual binding properties, perhaps suggestive f an
unrecognized co-receptor. This possibility will be the focus of
future studies.
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We have previously assessed that conditioned media
obtained from Meta4 organoid culture contains a number of
growth factors including amphiregulin. We have also
examined the effect of an autocrine factor, amphiregulin
secreted from Meta4 organoids (dysplastic organoids) on the
metaplasia progression using the Metal organoids. To
examine changes in growth or behaviors of Metal organoids  Figure 1: Metal metaplastic gastroids have a high

by amphiregulin, we performed an antibody-mediated affinity receptor for IL-13. Meta 1 organoids were
neutralization assay of amphiregulin to inhibit the functional fnucifgteign"‘gtfh ﬁgzeLLLS“T"ArT'g\}Vz S(Oé;”; ngégng a:v‘ést?;n
aCtiV_ity of the amphire_gulin present in Meta4-conditiong_d blot. Molecuplar W%ight markers (kDa) are sho)\//vn at left.
media. Metal organoids were exposed to Meta4-conditioned  The lower panel shows a strong increase in pSTAT6
media containing either non-specific IgG control ab or anti- with IL-13 with far less pSTAT6 stimulated with IL-4.
amphiregulin ab for 1 week. The Metal organoids cultured in

Meta4-conditioned media with non-specific IgG showed increased budding structures compared to Metal
organoid with control media. However, no significant changes were observed in the Metal organoids cultured in
Metad-conditioned media with either non-specific IgG or anti-amphiregulin ab. These results indicate that
amphiregulin is not the autocrine factor released from the dysplastic Meta4 cells, which promotes metaplasia
progression.

This task is now completed.

Subaim 1B: Major Task 1:
This task was completed in Year 2 and published in Nature Communications.

Specific Aim 2:

Major Task 1: Animal approval and breeding
This task was completed in Year 1.

Major Task 2: Subaim 2A

We have generated single cell RNA-sequencing data from control, and Mist1-Kras;Sox9-EGFP mice, 1 and 4
months after induction of Ras activation in chief cells. The data have been applied to alignment, filtering, and data
visualization pipelines to compare SPEM (1 month Kras induction) and dysplasia (4 month Kras induction). The
data demonstrate increases in biomarkers associated with SPEM at 1 month indicating Kras induction during this
period produces a transcriptomic signature consistent with SPEM. Interestingly, new populations of SPEM-
associated changes in endocrine cells and associated inflammatory cytokines may be a contributing factor to
SPEM induction and progression to dysplasia. Interestingly, there were no overt differences in the SPEM (1
month) cell clustering and the dysplasia (4 month) cell clustering, despite clear dysplasia in the histology of 4-
month Kras induced mice. We attribute this to two potential issues, 1) is that the mouse used for single cell
RNAseq had less induction of Kras compared to the littermates used for histological analysis, or 2) the number of
cells that were able to be obtained from the 4-month induced mice were less abundant and thus smaller but
significant changes were not able to be observed. We have induced additional mice for the 4-month dysplastic
condition. More biological replicates and cells will be applied to scRNAseq analysis in 3-weeks at the end of this
long induction.

Major Task 3: Subaim 2B



Mist1-Kras;Sox9-EGFP mice that were Kras-induced for 1- or 4-months demonstrate increased numbers of
Sox9EGFP cells by histology. Unfortunately, there was an unexpected pre-mature death in the 4-month Kras-
induced mice which substantially reduced the number of mice that reached the full 4-month time point. The mice
that did reach the endpoint were used for the single cell RNAseq analysis, precluding FACS analysis for
CD44v9:Sox9EGFP studies proposed. Alternative breeding strategies were employed to increase the numbers of
control and Mist1-Kras;Sox9-EGFP mice available for the long 4-month induction. Currently we have sufficient
numbers of mice that will reach the endpoint of the 4-month Kras induction in 3-weeks. While this task was
partially derailed, we have been able to make progress on the methodological aspects that are required once the
mice become available for FACS analysis of CD44v9:Sox9EGFP cells. Progress was made on downstream
analytics to evaluate transcriptomic and functional changes in cells isolated from metaplastic/dysplastic state.
Automated Cell Raft Array (CRA) analyses and collection has been optimized to increase the number of single
cells that can be evaluated for clonal organoid growth and collection. We have developed a highly sensitive
RNAseq method to analyze individual clonal dysplastic organoids derived from single cells isolated from the
various subpopulations of cells isolated from dysplastic mice. Using a dysplastic organoid line derived from Mist1-
Kras mice, we have been able to demonstrate substantial differences in transcriptomic signatures of single
dysplastic organoids that derive from a single cell isolated from parental dysplastic organoids. These data
suggest heterogeneity in cells that contribute to dysplasia and the trajectory of proliferation and differentiation.
These analyses will be applied to the CD44v9:Sox9EGFP from Mistl-Kras mice in 3 weeks when the 4-month
timepoint ends. We anticipate the increased throughput of the automated method will allow enough dysplastic
organoids to be used for transcriptomic analyses and functional analyses by transplantation.

Professional development:
Drs. Goldenring, Choi and Magness have received the following new grant:

DOD Peer Reviewed Cancer Research Program Impact Award
CA190172
Co-Principal Investigators
07/01/2020 — 06/30/2023

Dr. Choi has received the following new grant:
NIH NCI Merit Award

R37 CA244970

Principal Investigator

07/10/2020 — 6/30/2023

Training development:

Dr. Jimin Min has received the DOD Peer Reviewed Cancer Research Program Horizon Award
CA191242
Principal Investigator
07/01/2020 — 06/30/2022

Funding from this proposal has been used to train pre-doctoral student, Jarrett Blitton. He has developed an F31
proposal based on the topics related to this proposal. Planned submission: 12/8/2020

4. Impact

Our results have demonstrated that we can produce gastric organoids from metaplasia in mice that can be
passaged continuously and still maintain their original characteristics. This makes these organoid cultures a
unique resource for understanding the properties of precancerous lesions in the stomach. In addition, our
investigations have shown that we can isolate putative cancer stem cell population from metaplastic mouse
organoids and perform clonal analyses. In the future in studies beyond the scope of the present investigations
we hope that our experience with culturing mouse metaplastic organoids will allow us to use similar techniques
to isolate, culture and characterize metaplastic organoids from humans as powerful models of pre-cancer in
the human stomach.

5. Changes/Problems

None
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