
SUPPLEMENTAL  

MATERIALS AND METHODS 

Histology and immunohistology.  Colonoids were isolated from Matrigel using 2mM EDTA 

and fixed in 10% formalin for 1 hour. Fixed colonoids were suspended in HistoGel (Thermo 

Scientific) and then processed for histology.    Freshly-cut sections (5-6 microns) were 

rehydrated, and subjected to heat induced epitope retrieval with high pH or low pH FLEX TRS 

Retrieval buffer (Agilent Technologies, 154 #K8004; Santa Clara, CA) for 20 minutes. After 

peroxidase blocking, antibodies were applied at appropriate dilutions at room temperature for 30 

or 60 minutes (Supplement Table 2). The FLEX HRP EnVision System (Agilent Technologies) 

was used for detection with a 10-minute DAB chromagen application.   

Confocal fluorescence microscopy. Colonoids were isolated from Matrigel using 2mM EDTA 

for 15 minutes and then immediately fixed for 1 hour in 10% formalin.  They were then washed 

three times in PBS/0.1M glycine before blocking in 10% goat serum (G6767, Sigma) for 1 hour, 

followed by a secondary block with goat anti-mouse F(ab’)2 fragments (115-006-006; Jackson 

ImmunoResearch) for 30 minutes.  All blocking, washes and antibody solutions were done with 

phosphate-buffered solutions containing 0.2% Triton X-100, 0.1% bovine serum albumin and 

0.05% Tween-20. Whole fixed colonoids were stained with rabbit polyclonal Ki67 for 

proliferating cells (ab15580; Abcam) overnight at 4C in the secondary block.  Stained colonoids 

were rinsed 3 times in PBS and mounted onto a Nunc Labtek II chamber system (Thermo 

Scientific, Waltham, MA) with Prolong Gold containing DAPI to identify nuclei (P36935; Life 

Technologies Molecular Probes).  The specimens were then visualized and imaged with a Leica 

Inverted SP5X Confocal Microscope System (University of Michigan Medical School Biomedical 

Research Core Facility). 



Morphometric analysis. The histological sections were digitized using the Aperio AT2 whole 

slide scanner (Leica Biosystems) at 40X with a resolution of 0.5µm per pixel with 20x objective. 

Scanned Images were archived in Aperio eSlide Manager (Version 12.3.2.5030). These images 

were viewed and analyzed using Aperio ImageScope (Version 12.3.3.5048). Ki67 quantification 

was performed using Nuclear v9 algorithm (Aperio ImageScope). By applying this algorithm, the 

intensity of the nuclear staining with Ki67 was coded with; red, orange, yellow and blue (3+, 2+, 

1+ and 0 respectively). Nuclei with 3+ intensity were used for comparison. The Aperio Positive 

Pixel Count Algorithm v9 was used to quantify differentiation marker expression. It included 

analysis of scanned slide images of CK20, E-cadherin, occludin, cleaved caspase-3 and NF-2 

(merlin). Positivity was calculated with respective numbers of strong positive and positive pixels 

against total pixels.  

Scanning electron microscopy (SEM) and transmission electron microscopy TEM).  

Patient derived adenoma colonoid specimens were fixed in situ in 2.5 percent glutaraldehyde in 

0.1 M Sorensen’s buffer, pH 7.4, overnight at 4oC. After subsequent processing for SEM or TEM 

as described previously (25), samples for SEM were then mounted on stubs, allowed to off-gas 

in a vacuum desiccator for at least two hours and sputter coated with gold. Samples were 

examined with an Amray 1910 FE Scanning Electron Microscope and digitally imaged using 

Semicaps 2000 software.   For TEM, ultra-thin sections were examined using a Philips CM100 

electron microscope at 60 kV. Images were recorded digitally using a Hamamatsu ORCA-HR 

digital camera system operated with AMT software (Advanced Microscopy Techniques Corp., 

Danvers, MA). 

Differential proteomic analysis.  Adenoma colonoids were isolated from Matrigel using 2mM 

EDTA for 15 minutes and then exposed to 8M urea in 0.1M TEAB buffer for protein 

isolation.  Proteomic experiments were carried out in the Proteomics Resource Facility (PRF) in 

the Department of Pathology at the University of Michigan, employing mass spectrometry-based 



Tandem Mass Tag (TMT, ThermoFisher Scientific).  Fifty micrograms of colonoid protein from 

each condition was digested with trypsin and individually labeled with one of the 10 isobaric 

mass tags following the manufacturer’s protocol.  After labeling, equal amounts of peptide from 

each condition were mixed together.  In order to achieve in-depth characterization of the 

proteome, the labeled peptides were fractionated using 2D-LC (basic pH reverse-phase 

separation followed by acidic pH reverse phase) and analyzed on a high-resolution, tribrid mass 

spectrometer (Orbitrap Fusion Tribrid, ThermoFisher Scientific) using conditions optimized at 

the PRF.  MultiNotch MS3 approach (26) was employed to obtain accurate quantitation of the 

identified proteins/peptides.  Data analysis was performed using Proteome Discoverer (v 2.1, 

ThermoFisher).  MS2 spectra were searched against SwissProt human protein database 

(release 2016-11-30; 42054 sequences) using the following search parameters: MS1 and MS2 

tolerance were set to 10 ppm and 0.6 Da, respectively; carbamidomethylation of cysteines 

(57.02146 Da) and TMT labeling of lysine and N-termini of peptides (229.16293 Da) were 

considered static modifications; oxidation of methionine (15.9949 Da) and deamidation of 

asparagine and glutamine (0.98401 Da) were considered variable.  Identified proteins and 

peptides were filtered to retain only those that passed ≤2% false-discovery rate (FDR) threshold 

of detection.  Quantitation was performed using high-quality MS3 spectra (Average signal-to-

noise ratio of 9 and <40% isolation interference).  Differential protein expression between 

conditions, normalizing to control (0.15mM calcium), across the three adenomas was assessed 

using edgeR (27).  Proteins IDs were retrieved using Uniprot.org and reactome V63 

(reactome.org) was used for pathway enrichment analyses (28). Only Proteins with a ≤2% FDR 

confidence of detection were included in the analyses. Proteins were filtered based on the 

consistent expression across three adenomas. The cut-off was 1.8-fold change (FC) for both 

up-regulated proteins and down-regulated proteins. The abundance ratio was calculated as 

compared to the individual control (calcium 0.15 mM) for each adenoma. Our primary analysis 

involved an unbiased proteome-wide screen of all other proteins modified by Aquamin or by 



calcium alone in relation to the control. An overall analysis provided us a differential proteome 

expression of maximum and minimum expression. Our secondary analysis was to assess 

moieties related to differentiation, proliferation, and apoptosis. Proteins expressed in all three 

adenomas were also identified.  


