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MAIN TEXT

Organoids, monolayers, and GuMI experiments

To establish organoid cultures, endoscopic tissue biopsies were collected from the

colon of deidentified individuals at either Massachusetts General Hospital or Boston

Children’s Hospital upon the donors’ informed consent. Methods were carried out

following the Institutional Review Board of Boston Children’s Hospital (protocol

number IRB-P00000529) and the Koch Institute Institutional Review Board Committee,

as well as the Massachusetts Institute of Technology Committee on the use of humans

as experimental subjects. In brief, organoids in Matrigel (growth factor reduced, phenol

red-free; Corning, 356231) droplets were grown in 24-well tissue culture-treated plates

(Olympus Plastics, 25-107) and passaged every seven days at a 1:3 split ratio. A

medium change was performed on day four or every another day using organoid

growth medium after passaging (subject to optimization for each donor). To prepare the

monolayer, organoids were collected on day 7 and pelleted by centrifugation

(1000 g × 5 min, 4°C), followed by digestion using Cell Recovery Solution (Corning,

354253; 1 mL per 100 µLMatrigel). The resulting organoid suspension was then

incubated on ice for 45-60 min, pelleted, and then digested at 37 °C for 5 min using

1 mL Trypsin/EDTA (2.5 mg/mL Trypsin [Sigma, T4549] and 0.45 mM EDTA [Ambion,

AM9260G] in PBS without calcium and magnesium [PBS−/−, Gibco, 10010-023]). The

digested organoids were manually dissociated into single cells using a 1000-µL pipette

with a bent tip. The resulting cell suspension was then pelleted (300 g × 5 min, 4 °C)

after neutralizing Trypsin was neutralized with 10% FBS in the base medium. The cell

pellet was resuspended in the seeding medium and seeded in collagen I-coated (Gibco,

A10483-01, 50 µg/mL in PBS) 12-well Transwells (Corning 3460, 0.4 µm pore

polyester membrane). The seeding cell density was 300,000 cells per well (surface area:

1.12 cm2). Around 72 h after seeding, the monolayers were differentiated by switching

to the antibiotic-free base medium on the apical side and the differentiation medium on

the basolateral side. After switching to a differentiation medium, the monolayers were

cultured for four days (a total of 7 days), with medium change on day 5. The

monolayers were used for experiments on day seven after seeding (day four after

differentiation).

For GuMI experiments, differentiated monolayers were integrated in GuMI device for
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24 h before adding bacteria. The overnight grown bacterial cultures were diluted 1000

times with a pre-reduced YCFAmedium. After that, 0.8-1 mL of the diluted bacterial

cells were slowly injected into GuMI[1,2]. After bacterial injection, the coculture was

settled for 1 h and resumed at the designed flow rate and period. At the end of the

experiments, samples were collected, and TEER measurements were performed based

on the previous report[1].

Isolation and differentiation of monocytes

When macrophages and dendritic cells were included, monocytes were isolated from

PBMCs and differentiated into macrophages and dendritic cells based on our previous

study[2]. Monocytes were isolated from PBMC. PBMC were isolated from fresh whole

blood with CPDA-1 anticoagulant (Research Blood Components LLC) using the

SepMate PBMC Isolation Kit (StemCell, 85450) following the manufacturer protocol.

After isolation, the PBMC were suspended in an immune cell freezing medium (RMPI

with 10% dimethyl sulfoxide [DMSO] and 10% heat-inactivated FBS) and frozen at

-196 °C.

Monocytes were isolated and differentiated into dendritic cells and macrophages on the

7th day before device assembly for 7 days. First, the PBMC were thawed in a 37 °C

water bath for ~1 min before diluting 1:10 in PBS−/− containing 2% heat-inactivated

FBS (PBS-HIFBS). After that, cells were pelleted (300 g × 5 min, 4 °C) and then

resuspended in 1 mL of PBS-HIFBS, followed by a transfer into a 5-mL round-bottom

polystyrene tube (StemCell, 100-0088). An additional 1.5 mL PBS-HIFBS was used to

recover the residual cells and transferred into the same polystyrene tube. The isolation

of monocytes was performed using the EasySep™ Human Monocyte Enrichment Kit

without CD16 depletion (StemCell, 19058) and EasySep™ Magnet (StemCell, 18000).

The resulting monocytes were split into two aliquots and pelleted (300 g × 5 min, 4 °C).

The cell pellets were resuspended in the macrophage or dendritic cell differentiation

media and cultured in 24-well tissue-treated plates. Both dendritic cells and

macrophages were plated at a density of 1 × 106 cells per well and in a volume of

500 μL per well. Four days after isolation and plating, 500 μL of Macrophage

Differentiation Medium and Dendritic Cell Differentiation Medium [Supplementary

Table 1] were added to each macrophage and dendritic cell well, respectively.
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In the experiments with dendritic cells and macrophages, cells were harvested and

seeded onto the basolateral side of the transwell membrane. To harvest the cells, cells

were resuspended in their own media and collected into a conical tube (one tube per

cell type). The residual cells were detached by adding 250 μL TrypLE Express (Gibco,

1260413) to each well and incubated at 37 °C for ~15 min, or until cells were detached

from the plate. The TrypLE was then neutralized with 750 μL RPMI-HIFBS. The

resulting cell suspensions were collected into the corresponding conical tubes. After

that, the cells were pelleted (300 g × 5 min, 4 °C), resuspended in 1 mL of

RPMI-HIFBS, and counted using trypan blue and countess. Dendritic cells and

macrophages were then combined to achieve a density of 1.67 × 105 cells per mL for

each cell type. Before adding dendritic cells and macrophages, the media of the

transwells was removed from both apical and basolateral sides, and each side was

rinsed once with an antibiotic-free base medium. The transwells were then inverted and

placed in a petri dish before adding 150 μL of the dendritic cell and macrophage cell

suspension to each well to achieve a density of 0.25 × 105 cells per transwell for each

cell type. The transwells were then incubated at 37 °C for 2 h to allow the attachment of

dendritic cells and macrophages before proceeding with the further experimental setup.

Composition of media used in this study

Base Medium: Advanced DMEM/F12, 2mM Glutamax, 10mM HEPES, 1x

Penicillin/Streptomycin.

Antibiotic-free Base Medium: Advanced DMEM/F12, 2mM Glutamax, 10mM HEPES

Organoid Growth Medium: 65% L-WRN conditioned medium, 32% base medium, 1x

B-27, 1x N-2, 10 mM Nicotinamide, 500 μM N-acetyl L-cysteine, 10 μMY-27632

dihydrochloride, 10 μM SB202190, 500 nMA83-01, 50 ng/mL murine EGF, 10 nM

human [Leu15]-Gastrin I, 5 nM prostaglandin E2.

Washing Medium: DMEM/Nutrient Mixture F-12 Ham, 10% heat-inactivated FBS,

2mM glutamax, 1x Penicillin/Streptomycin.

Colon Seeding Medium: 65% L-WRN conditioned medium, 32% base medium, 1x
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B-27, 1x N-2, 500 μM N-acetyl L-cysteine, 10 μM SB202190, 500 nMA83-01, 2.5 μM

thiazovivin, 50 ng/mL murine EGF, 10 nM human [Leu15]-Gastrin I, 5 nM

prostaglandin E2.

Colon Differentiation Medium: 20% R-spondin1 conditioned medium, 80%

antibiotic-free base medium, 1x B27, 1x N2, 500 μM N-acetyl-L-cysteine, 500 nM

A83-01.

Dendritic Cell Differentiation Medium: 90% RPMI 1640, 10% heat-inactivated FBS,

100 ng/mL GM-CSF/CSF2, 70 ng/mL recombinant human IL-4, 10 nM retinoic acid.

Macrophage Differentiation Medium: 90% RPMI 1640, 10% heat-inactivated FBS, 100

ng/mLM-CSF/CSF1
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