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racteristics of small intestinal epithelial cells derived from human induced pluripotent stem cells
and usefulness as an in vitro model for gastrointestinal disease.
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The small intestine is known not only for its role as a digestive organ, but also as a favorite organ for
inflammatory bowel diseases (IBD). Caco-2 cells and animals are used as alternative models, but the
problem is poor extrapolation to the human biological small intestine due to different gene expression
levels and species differences. Therefore, we developed human iPS cell-derived intestinal epithelial cells
(F-hiSIEC™) and we attempted to construct an in vitro cell assay model with properties similar to those of
human organisms.

F-hiSIEC™ shows the physiological characteristics similar to those of the human small intestine.
Interestingly, F-hiSIEC™ contains goblet cells, endocrine cells, M cells, etc., which are known to exist in
the intestinal epithelium. Therefore, we evaluated the function of M cells present in F-hiSIEC™. As a
result, particle migration from the luminal side to the vascular side was observed. Next, we investigated
the development of an IBD model using F-hiSIEC™. When inflammatory cytokines were added to the
model, TEER and the MUC2 expression was decreased, and the expression of various inflammatory
cytokines was increased. When intestinal bacterial metabolites were added to the model in combination
with the cytokine stimulation, the inflammatory responses described above were suppressed.

In conclusion, these cells have properties similar to the human small intestine, and they are expected to
be a useful tool for M cell-mediated absorption of nanoparticles and microplastics, and as an in vitro
model of IBD and leaky gut in the human small intestine.

Overview of differentiation protocol .
Cryopreservation
Day0 A\

Day30

Endodermal cells | Intestinal stem cells Intestinal epithelial cells

DAY 0 1 2 3 4 5 6 7 8 9 10 1 12 13
T

ex. 2,

F-hiSIEC™ differentiate into mature small intestinal cells by culturing for 9-11 days
after cell seeding.

Micro particle absorption via M cells

4 Microfold cells (or M cells) located in the gut-
associated lymphoid tissue (GALT) of the
Peyer's patches in the small intestine.

+ M cells have the unique ability to take up
antigens from the lumen of the small intestine via
endocytosis, phagocytosis, or transcytosis.
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M cells absorption assay

* M cells are expected to be a target for drug
delivery systems of nanoparticulated drugs.

4 F-hiSIEC contained M cells, but it was unclear
whether they were functional.
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Five days after cell seeding, the cells were cultured on cell culture inserts, and Raji cells (1 like cells) were Itured on the basal side of the
cell culture inserts. On day 10, fluorescent particles (0.2um) were added to the apical side and incubated for 2h. The number of fluorescent particles
passed through to the basal side was counted by flow cytometry.
Co-culture of F-hiSIEC with Raji cells resulted in the absorption of fluorescent particles (0.2um). The transport of the
fluorescent particles was temperature-dependent, suggesting that it was transcytosis of M cells. In addition, there was no
change in the barrier function by Raiji cell co-culture.
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F-hiSIEC™ can be used as the evaluation model for drug absorption through M cells.
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Gene expression

The expression levels of various genes in F-hiSIEC™ were measured by real-time PCR and compared to adult small intestine and Caco-2 cells.

. : a e Y-axis: relative mRNA
(R Small intestinal markers (LR Metabolizing enzymes . (axis: relative mRNA expression)
1000 1000

100 100

10 10

1 1
Y‘b( NA

N 1 oG > O SN
W GF 8" ¥ & L7 GF
Y LS

10000
1000

o)
(el &
& 5 ¥ oS oS &7 @& N N <

F-hiSIEC™ showed a gene expression pattern similar to that of human small intestine.

Activities of metabolizing enzyme and transporter
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Each cells were incubated with 5 uM midazolam for 2h at 37 °C. CYP3A4 in F-hiSIEC™ was measured with F-hiSIEC™ Assay Medium.

Human Enterocytes (purchased from In Vitro ADMET Laboratories, Inc.) were used as primary small intestinal cells.

10 M digoxin was used as a substrate . Additionally, HBSS containing 10 mM HEPES (pH 7.4) was used as a transport buffer. Afier the preincubation, the
transport buffer containing the substrate was added to the apical or basal chambers, and the cells were incubated at 37°C for 60 min.

F-hiSIEC™ showed CYP3A4 activity comparable to that of human primary enterocytes.
CYP3AA4 activities and P-gp activities of F-hiSIEC™ showed good reproducibility.

Drug permeability assay
Caco-2 cells (R2=0.37%)

F-hiSIEC™ (R2 = 0.76*)
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1. Antipyrine , 2. Caffeine, 3. Cephalexin, 4. Acebutolol, 5. Ribavirin, 6. Metformin, 7. Hydrochlorothiazide, 8. Indinavir,
9. Verapamil, 10. Enalapril, 11. Erythromycin, 12. Midazolam, 13. Sulpiride, 14. Lisinopril, 15. Tacrolimus, 16. Lucifer yellow.
*R? scores were determined exclude CYP3A4 substrates (9, 12 and 15).

There was a correlation between P,,, and human intestinal absorption.

Inflammatory Bowel Disease model

M cell of F-hiSIEC .

is the collecti

y bowel di: term for Crohn's disease and ulcerative colitis, and the number of patients is

increasing yearly. IBD is a multifactorial disease associated with genetic and environmental factors.
4 We attempted to construct an inflammatory bowel disease model using these cells.

Influence of Inflammatory Cytokines and SCFAs on IBD model

The expression level of proinflammatory cytokines Expression of fatty acid receptors
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On day 8 of cell seeding, inflammatory cytokines (100 ng/mL TNFa., 50 ng/mL IFNy) were added to the basal side of the cell culture insert and short-
chain fatty acids to the Apical side. Expressions of cytokines ,TEER and genes expression were evaluated 24 hours after addition.

The decrease of barrier function and expression of the TJP1/Z0-1 and MUC2 genes with TNFo and IFNy treatment were
partially recovered by combination treatment of SCFAs.

The F-hiSIEC-based evaluation system allowed us to reproduce the effects of inflammation and
SCFAs on barrier function as in the human small intestine.

Conclusion : F-hiSIEC™ has properties similar to the human small intestine, and they are expected to be a useful tool for M cell-mediated absorption of nanoparticles and microplastics,

and as an in vitro model of IBD and leaky gut in the human small intestine.



