
RAS IN IBD STUDY SUPPLEMENTARY MATERIAL 

SUPPLEMENTARY METHODS 

Cell Culture Studies 

Myofibroblast isolation 

A segment of human colonic tissue 1cm2 at least 10cm from the site of a cancer (Victorian Cancer 

Biobank specimen number 15MH0115), harvested at surgery, was washed immediately in 10ml ice-

cold PBS, then treated with 0.04% (w/v) sodium hypochlorite in phosphate-buffered saline (PBS) at 

room temperature for 10 min followed by washing again with PBS. Cut pieces <2mm in diameter 

were suspended in 0.1mg/mL Dispase (Life Technologies, Mulgrave, Australia), and incubated in 

37˚C for 30 minutes. The suspension was dispersed using a pipette tip repeatedly, then mixed with 

ice-cold sorbitol solution (10 ml) [DMEM with 20% (wt/vol), D-sorbitol (Sigma-Aldrich, Castle Hill, 

Australia) and 10% (vol/vol) foetal calf serum (FCS, Life Technologies). The supernatant suspension 

was centrifuged (13G for 2 minutes), and the resulting supernatant discarded. The pellet was 

suspended in DMEM and 10% FCS, centrifuged, and the supernatant discarded. The pellet was again 

suspended in DMEM and 10% FCS, and plated into a culture plate, incubated at 37°C with 10% (v/v) 

CO2. The cultures were passaged (1:2~3) when cells reached 80% confluency. Myofibroblasts were 

confirmed by expression of g-smooth muscle actin (SMA) and vimentin by immunofluorescence. 

 

Proliferation studies 

Cells were stimulated with human recombinant platelet derived growth factor (PDGF-BB), then 

treated with RAS peptides and drug interventions. After 48h a CellTiter 96® cell proliferation assay 

(Promega, Madison, WI, USA) was performed, whereby the quantity of formazan product measured 

at an optical density (OD) of 490nm is directly proportional to the number of living cells in culture. 

 

Collagen secretion studies 
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Cells were stimulated with human recombinant transforming growth factor TGF-く1, then treated with 

RAS peptides and drug interventions. After 48h, total soluble collagen concentration was measured 

with a Sircol collagen assay kit (Biocolor, Belfast, U.K.) according to the manufacturer's protocol. In 

brief, Sirius Red reagent was added to 150 たl test sample and mixed for 30min. The collagen–dye 

complex was precipitated by centrifugation at 16,000G for 5 min; washed twice with 0.5 ml of 

methanol-free ethanol and dissolved in 1 ml 0.5 M NaOH; the absorbance was measured at OD 540 

nm. The calibration curve was set up on the basis of collagen standard provided by the manufacturer. 

 

Cross-sectional human circulating and intestinal RAS studies 

Subjects 

Patients with IBD and non-IBD controls undergoing colonoscopy or surgery were recruited via a 

letter of invitation given to consecutive patients attending hospital outpatient clinics. Patients with 

IBD had to have confirmed CD or UC based upon clinical, biochemical, endoscopic and/or imaging 

characteristics. Non-IBD controls undergoing colonoscopy were those with functional abdominal 

symptoms, anal outlet bleeding, or asymptomatic for bowel cancer screening. Non-IBD controls 

undergoing surgery were those having resections for colorectal cancer, or in one case, a diverticular 

sigmovesical fistula. Additional non-IBD controls not undergoing colonoscopy or surgery were 

recruited recruited via invitation to staff members by email within the Department of 

Gastroenterology at Eastern Health and Monash University. Non-IBD controls found to have 

evidence of intestinal inflammation were excluded from analysis. Information regarding 

gastrointestinal symptoms, co-morbid illnesses, medications, cardiovascular indices (blood pressure, 

heart rate) and anthropological features (height, weight and waist circumference) was collected 

during a formal patient interview.  
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Peripheral blood was collected via venepuncture from the antecubital fossa with the patient in the 

sitting position after being upright for at least 2 h. For ACE2 analyses, plasma was collected in 4mL 

lithium heparin tubes, spun at 1800 g for 10 min, and stored at -80oC. For angiotensin peptides, 

plasma was collected in 4 mL Na2EDTA tubes, enzyme inhibitor mix (Supplementary Table 1) added, 

and stored at -20oC. All other analyses were performed on fresh serum and plasma as appropriate. A 

faecal sample obtained within the previous 24 h was stored at -20oC.  

 

Analytical assays 

Serum ACE was measured using the Buhlmann ACE kinetic assay (Bühlmann Laboratories, 

Schonenbüch, Switzerland) using a Roche Cobas instrument using manufacturer’s instructions. 

Values were expressed in U/L, with a reference range 20-70 U/L. Plasma renin concentration was 

measured by the LIAISON Direct Renin Chemiluminescence Immunoassay (DiaSorin, Seluggia, 

Italy), as per manufacturer’s instructions. Values were expressed in mIU/L, with a reference range 

4.4–46 mIU/L. Plasma aldosterone was calculated using the LIAISON Aldosterone 

Chemiluminescence Immunoassay (DiaSorin, Seluggia, Italy), as per manufacturer’s instructions, 

with values expressed in pmol/L, and reference range 61-978 pmol/L. 

 

Plasma ACE2 activity was measured using a quenched fluorescent substrate-based assay (QFS:(7-

methoxy-coumarin-4-yl) acetyl-Ala-Pro-Lys-(2,4-dinitrophenyl)-OH, Auspep, Parkville, Victoria, 

Australia), as described previously.22, 23 Briefly, 250 µL of plasma was anion exchanged using low-

ionic-strength buffer (20 mmol/l Tris-HCl, pH 6.5) and ANX sepharose 4 Fast-Flowresin (agarose 

beads, GE Healthcare Biosciences Australia). Following the extraction process, 100 µL of eluate 

were incubated with 20 µL 50 mM QFS. Samples were analysed in duplicate with and without 100 

µM EDTA as ACE2 inhibitor in a final volume of 200 µl per well. Fluorescence generated from the 

cleavage of QFS by ACE2 was continuously recorded by a fluorescent plate reader at excitation and 
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emission wavelengths of 320 nm and 405 nm respectively (FluoStar Optima plate reader, BMG 

Labtech, Offenburg, Germany). The rate of substrate cleavage was determined by comparison to a 

standard curve of the free fluorophore, 4-amino-methoxycoumarin (MCA; Sigma, MO, USA) and 

expressed as pmol of substrate cleaved/mL of plasma/minute. The intra-assay coefficient of variation 

was 5.6% (n=20) and the inter-assay coefficient of variation was 11.8% (n=14).   

 

Intestinal inflammation was assessed by faecal calprotectin using Quantum Blue Calprotectin 

quantitative lateral flow assay (Bühlmann Laboratories, Schonenbüch, Switzerland) within 1 week 

of collection, as per manufacturer’s instructions, quantified by Buhlmann Quantum Blue Reader, 

with values expressed in µg/g faeces.  

 

Patients undergoing intestinal resection  

Patients underwent routine pre-operative preparation. At the time of intestinal resection, a 2 x 1 cm 

full-thickness segment was removed with a sterile scalpel blade under aseptic conditions from the 

terminal ileum, ascending and/or sigmoid colon where appropriate. For patients having resection for 

bowel cancer, the incision site was at least 8cm away from the visible and palpable margin of the 

tumour. The excised segment was washed twice with normal saline, then further divided in full-

thickness segments, with 4 parts placed in 4% paraformaldehyde, stored overnight at 4oC, and 4 parts 

placed in RNAlater solution (Life Technologies) at room temperature for 2 hrs followed by storage 

at -80oC until analysis. 

 

Patients undergoing colonoscopy 

Colonoscopy was performed on a morning endoscopy list, following routine bowel preparation (using 

polyethylene glycol, sodium picosulfate, and bisacodyl [Prepkit-C, Fresenius Kabi, Hornsby, 

Australia]). Intubation to at least 5-10 cm proximal to the ileocaecal valve was attempted in all 
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patients. Macroscopic descriptions of all regions of the ileum and colon visualised were noted. 

Biopsies using standard forceps were obtained from the ileum (5 cm proximal to the ileocaecal valve), 

ascending colon (5 cm distal to the ileocaecal valve) and sigmoid colon (25 cm from the anal verge), 

as well as any other inflamed areas up to a maximum of two regions. Two biopsies from each region 

were fixed in 10% neutral buffered formalin for routine histopathological analysis. Four biopsies 

from each region were immediately fixed in 4% paraformaldehyde solution in PBS (Thermofisher 

Scientific, Scoresby, Australia) and stored overnight at 4oC. Four biopsies were placed in RNA later 

solution (Life Technologies), and stored at -80oC until analysis. 

 

PCR analyses 

RNA extraction was performed using the RNeasy Plus Universal Mini Kit (Qiagen, Melbourne, 

Australia) following tissue disruption and homogenisation. Briefly, tissue stored in RNAlater solution 

was thawed, weighed, then disrupted and homogenised using TissueRuptor rotor-stator homogeniser 

(Qiagen). Further RNA extraction was performed using the RNeasy Universal Plus Mini Kit 

according to manufacturer’s instructions. Quantification of RNA in samples was performed using the 

Quantifluor® RNA System (Promega, Alexandria, Australia) and the Synergy HT Plate Reader 

(Biotek, Burleigh, Australia) using 485nm excitation and 528nm emission wavelengths. All samples 

were then assessed for RNA quality by gel electrophoresis, imaged using Bio-rad VersaDoc Imaging 

System with Quantity One v4.6.7 software then analysed for purity and presence of RNA degradation 

products.  

 

Reverse transcription of all RNA samples was performed using the SuperScript III First-Strand 

Synthesis Supermix for qRT-PCR (Invitrogen, Mount Waverley, Australia). Quantitative RT-PCR 

for the RAS genes were carried out using multiplexing where both the target gene and endogenous 

reference gene were amplified in a single well. Probes and primers were designed using the Primer 
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Express version 3 software program (Applied Biosystems, Foster City, CA, USA) (Supplementary 

Table 2). Taqman pre-developed eukaryotic18S ribosomal-VIC (Probe and Primer Limited) was used 

as the endogenous reference gene (Applied Biosystems). Each reaction contained 1 µl cDNA 

containing 3 to 25 ng/µl of cDNA, 100 nmol/L of probe, 250 nmol/L of forward and reverse primer, 

pre-developed endogenous 18S ribosomal-VIC mix and Platinum QPCR supermix-UDG with ROX 

as the passive reference dye (Invitrogen, Mount Waverley, Victoria, Australia). All thermal cycling 

reactions were run on an Applied Biosystems 7500 Real Time PCR machine using SDS version 2.0.6 

software, with at 95°C for 20 seconds followed by 50 cycles at 95°C for 3 seconds (denaturing) and 

60°C for 30 seconds (annealing and extension). Each sample was run and analysed in duplicate.   

 

Quantification was performed following detection of the threshold cycle (Ct) for the gene of interest 

and housekeeping gene in each multiplex reaction. The delta (∆) Ct was calculated by subtracting the 

Ct of 18S-VIC from the gene of interest paired with the dye FAM. The median of the terminal ileal 

non-IBD control tissue Ct was then determined, and subtracted from all values to obtain the DDCt. 

The expression of the target genes relative to non-IBD control terminal ileal tissue was evaluated 

using fold induction calculated as 2–(DDCt).  

 

Immunohistochemistry 

Tissue embedding and processing 

Colonoscopic biopsies and resection specimens stored in 4% paraformaldehyde overnight at 4oC 

were processed using Leica PELORIS Rapid Tissue Processor (Leica Biosystems, North Ryde, 

Australia), then paraffin embedded. Three micrometre sections were cut and placed on coated slides 

(Thermofisher Scientific) for subsequent immunohistochemical analysis. 
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Slides were heated, dewaxed and endogenous peroxidase blocked with 3% hydrogen peroxide. 

Antigen retrieval was performed by microwave heating for 5 min in citrate buffer (pH 6.0). Non-

specific binding was blocked using Dako Antibody Diluent (Dako) and primary antibodies 

(Supplementary Table 3) added. After overnight incubation, secondary antibody incubation was 

performed, followed by diaminobenzidine (DAB+) chromogenic substrate (Dako). Counterstaining 

in Mayer’s haematoxylin, followed by repeat washing prior to mounting. 

 

Semi-quantitative immunohistochemical analysis 

Slides were photographed using Aperio Scanscope AT Turbo (Leica Biosystems, Mount Waverley, 

Australia). Magnified images were analysed using Image J v1.47 microscope image processing 

software (NIH, USA). Up to three images from each colonoscopic biopsy specimen were captured, 

then colour deconvolution performed to identify DAB staining. The mucosal area was manually 

selected and quantification of particle density as a percentage of the total area highlighted performed. 

The mean percentage readings from each biopsy image were compared across specimens. For 

intestinal resection specimens, three readings from each of mucosa, submucosa and circular muscle 

were obtained, and analysed in the same manner specific to location. 

 

Qualitative immunohistochemical analysis 

Slides were also analysed for location of expression of specific antibodies within different tissues 

amongst patients, and characteristic patterns noted. Two experienced gastrointestinal 

histopathologists (PH, SM) independently graded colonic biopsies from patients with IBD for 

histological activity. 

 

Masson’s trichrome analyses 
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Three micrometre sections of colonoscopic biopsies placed on coated slides (Thermofisher Scientific) 

were stained using Masson’s trichrome. Briefly, dewaxed slides were prewarmed in Bouin’s fixative 

at 60o C, then stained in sequence with Weigert’s Haematoxylin, 1% Brilliant crocein and 2% light 

green in 1% acetic acid, then rinsed in absolute alcohol prior to mounting.  

 

Stained slides were then analysed for intensity of Masson’s trichrome staining using a colour 

deconvolution algorithm in Aperio eSlide Manager (Leica Biosystems), calibrated for Masson’s 

trichrome using manufacturer’s instructions 24. Mucosal segments only for each colonoscopic biopsy 

were selected, and the Masson’s trichrome score calculated by the following weighted formula 

incorporating positive percentages: score = 1.0*(% weak) + 2.0*(% medium) + 3.0*(% strong). 

 

ACE2 activity analyses 

Enzymatic activity of ACE2 on intestinal samples was measured by a fluorescence-based assay using 

the commercially available synthetic fluorogenic ACE2 substrate Mca-APK (Dnp) (Enzo, USA). All 

samples were homogenised in an ice-cold buffer solution containing 50mM MES, 300mM NaCl, 

10µM ZnCl2, 1mM N-ethylmaleimide (NEM) (Sigma Aldrich) and 0.01% Triton X-100 (Labchem, 

Australia) was prepared and the pH of the buffer adjusted to 6.5. All the reactions were performed in 

duplicates in black 96 well plates with a total volume of 100µl. 50mM EDTA (Sigma-Aldrich) was 

added to one of the duplicate wells and was constituted a blank. An inhibitor cocktail (Complete 

EDTA-free tablets; Roche, Switzerland) and 2mM phenylmethylsulfonyl fluoride (PMSF; Sigma 

Aldrich) were added to all the wells to prevent the hydrolysis of the ACE2 substrate by the 

nonmetalloprotease enzymes potentially present in samples. Fluorescence was measured using the 

Enspire Multimode Plate Reader (Perkin Elmer, MA, USA) at 330-nm excitation and 400-nm 

emission wavelength following a 16-hour incubation on a shaker at room temperature. ACE2 activity 
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was defined as the difference between the fluorescence measured in duplicate wells with and without 

EDTA addition and expressed as ACE2 activity per microgram of total protein. 

 

Retrospective cohort and case control studies 

Retrospective cohort analysis 

All medications and duration of use among consecutive patients attending the IBD Clinics at two 

metropolitan hospitals over 3 months were noted. Demographic and disease characteristics including 

IBD medications, hospitalisations and surgery over the previous 2-year period were reviewed. Only 

patients with IBD and RAS blocker use for at least 2 years were included. 

 

Disease activity for the previous 2-year period was graded based on clinical data, biomarkers and 

endoscopic results, blinded to RAS blocker use. A five-point scale was used: 0 – quiescent disease, 

1 – up to 2 flares per year with quiescent disease in between, 2 – more than 2 flares per year or 

persistent disease activity for less than 50% of the time, 3 – persistently active disease for over 50% 

of the time, 4 – persistently active disease for over 50% of the time with flares.  

 

Case Control Studies 

To adjust for age as a potential confounder for disease activity and clinical outcomes, two case control 

studies were performed. ‘Cases’ comprised patients with IBD who required (i) surgery or (ii) 

hospitalisations due to IBD not requiring surgery, over the previous two years. ‘Controls’ were 

patients with IBD matched 2:1 by age (within 2 years), sex and disease. If two controls were not 

found, one control only was selected. Matching for Montreal Classification or medications was not 

performed. Use of RAS blockers, beta-blockers, thiazide diuretics, calcium channel blockers and 

statins was recorded. 
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Statistical analyses 

Statistical analyses were performed using SPSS v23 (IBM Corporation, 2015) and GraphPad Prism 

v7.02 (Graphpad software, 2016). Analysis of variance (ANOVA) and unpaired t-tests (2-sided) were 

used for comparison of means between groups, with Tukey’s test for correction of repeated measures. 

The Kruskall-Wallis and Mann-Whitney tests were used to compare non-parametric variables 

between groups, with Dunn’s test for correction of multiple measurements. The relationship between 

variables was assessed by bivariate and partial correlation using Pearson’s coefficient for parametric 

and Spearman’s coefficient for non-parametric variables as appropriate. Values for faecal 

calprotectin were normalised by log transformation. A p-value of 0.05 or less was considered 

statistically significant. 
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Supplementary Table 1. Enzyme inhibitor mix composition. The mix was prepared within 24 hours 

prior to venepuncture. 85 µL was added to 4ml plasma in EDTA for measurement of Ang II and Ang 

(1-7). 

 

Component Concentration 

Na2 EDTA  50 µM 

Aprotinin  21000 U/mL 

N-ethylamide  0.2 M 

Leupeptin  10.5 µM 

Pepstatin-A  1.5 µM 
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Supplementary Table 2. Primer pairs and probes used for genes analysed using Taqman probe based multiplex PCR 

Gene Forward primer sequence (5’ to 3’) Reverse primer sequence (5’ to 3’) Probe sequence 

Angiotensinogen GCCGGGAAGCCCAAAG GATGTCTTGGCCTGAATTGGA 6-FAM CCCCACCTTCATACCT 

Renin TCATCCGAAAGTTCTACACAGAGTTT TCTGGGCCAGGGCTGAA 6-FAM TTCGCCTTGGCCCGC 

ACE GATCTACTCCACCGCCAAGGT GCGAGGAAGCCAGGATGTT 6- FAM CCACCTGCTGGTCC 

ACE2 GCTGCTCAGTCCACCATTGAG GCTTCGTGGTTAAACTTGTCCAA 6- FAM ACAGGCCAAGACATT 

AT1R TTTCCTACCGCCCCTCAGA CAAAACATGGTGCAGGCTTCT 6-FAM AATGTAAGCTCATCCACC 

MasR CCCAAGTACCAGTCGGCATT GTCATTCCGAGAGTGACTCTCTTCT 6-FAM ACCACCATGGAGTATGT 
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Supplementary Table 3. Antibodies used for immunohistochemistry of RAS components. Antigen retrieval was performed using citrate 

for all antibodies. 

Component Antibody type Manufacturer and product ID Product ID Optimised dilution 

Angiotensinogen Rabbit polyclonal  Abcam (Melbourne, Victoria, Australia) Ab 7380 1/2000 for resection specimens, 1/500 for 

colonoscopic biopsies. 

ACE Rabbit polyclonal  Santa Cruz Biotech (Dallas, Texas, USA) H-170 SC 20791 1/500 

ACE2 Mouse monoclonal R&D Systems (Minneapolis, MN, USA) MAB933 1/100 

Ang II Rabbit polyclonal Bachem (Bubendorf, Switzerland) T4007 1/2000 

Ang (1-7) Rabbit polyclonal 

 

Phoenix  Pharmaceuticals (Burlingam,  

California, USA) 

H-002-24 1/2000 

AT1R Rabbit polyclonal Santa Cruz Biotech (Dallas, Texas, USA) SC 579 1/500 

MasR Rabbit polyclonal  Alomone Labs (Jerusalem, Israel) AAR-013 1/500 

 

  

Supplementary material Gut

 doi: 10.1136/gutjnl-2019-318512–11.:1 0 2019;Gut, et al. Garg M



Supplementary Table 4. Baseline participant characteristics, prospective study, circulating 

RAS components. Comparisons by ANOVA. BMI, body mass index. 

 

 Crohn’s 
disease (n=51) 

Ulcerative 

colitis (n=42) 

Healthy 

controls (n=35) 

P value  

Mean age (range), y 40 (21-76) 43 (22-68) 44 (22-83) 0.387 

Female:Male 24:27 18:24 19:16 0.609 

Co-morbid illnesses, n      

Hypertension 2 1 0  

Hyperlipidaemia 4 2 2  

Type 2 diabetes mellitus 0 2 0  

Chronic kidney disease 1 0 1  

Ischaemic heart disease 0 0 1  

Hepatitis C 1 0 0  

Colorectal adenocarcinoma 0 0 3  

Smoking status, n (%)     

Never smoked 25 (49) 18 (43) 24 (69)  

Ex-smokers 15 (29) 20 (48) 9 (26)  

Current smokers 11 (22) 3 (7) 2 (6)  

Mean BMI (95% CI), kg/cm2 26.6 (24.7-28.4) 27.8 (25.9-29.7) 25.7 (24.0-27.3) 0.286 

Mean waist circumference (95% CI), 

cm  

92.6 (88.7-96.6) 95.0 (90.4-99.7) 87.8 (83.2-92.3) 0.080 

Mean systolic BP (95% CI), mm Hg 120 (116-123) 120 (115-124) 117 (116-122) 0.734 

Mean heart rate (95% CI), beats/min 78 (75-81) 75 (71-79) 67 (64-71) <0.001 
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Supplementary Table 5. Characteristics of patients with IBD, prospective study, circulating RAS components. 

 

 Crohn’s disease (n=51)  Ulcerative colitis (n=42) 

Montreal Classification,    

n (%) 

Age at diagnosis, n (%)  Disease extent  

< 17 y 9 (18) Proctitis 4 (10) 

17-40 y 32 (64) Left sided colitis 19 (44) 

> 40 y 10 (20) Extensive colitis 19 (44) 

Location, n (%)  Disease severity  

Ileal 7 (14) Clinical remission 14 (33) 

Colonic 15 (29) Mild 17 (40) 

Ileocolonic 29 (57) Moderate 5 (12) 

Upper GI 0 (0) Severe 6 (14) 

Behaviour, n (%)    

Non-stricturing, non-penetrating 22 (43)   

Stricturing 7 (14)   

Penetrating / fistulising 22 (43)   

Perianal 24 (49)   

Disease activity Median Harvey Bradshaw Index (range) 4 (0-18)      Median SCCAI (range) 2 (0-16) 

Active disease*, n (%) 25 (50)  19 (45) 

Medical therapy, n (%) Nil 6 (12)  2 (5) 

5-ASA only 0 (2)  15 (36) 

Steroids ± 5-ASA 2 (4)  1 (2) 

Azathioprine / 6-MP ± 5-ASA / steroids 13 (25)  20 (48) 

Methotrexate ± 5-ASA / steroids 5 (10)  4 (10) 

IFX / ADA ± 5-ASA / steroids 8 (16)  0 (0) 

IFX / ADA ± immunomodulators 17 (33)  0 (0) 

Previous intestinal surgery/ 

surgeries, n (%) 

Jejunal resection  0 (0)   

Single ileal resection 4 (8)   

Multiple ileal resections 1 (2)   

Single ileo-colonic resection 6 (12)   

Multiple ileo-colonic resections 2 (4)   

Ileal resection(s) + colectomy (total or subtotal) 2 (4)   

Colectomy (total or subtotal) 3 (6)   

* faecal calprotectin ≥100 µg/g and/or C-reactive protein ≥5 mg/L) 
Abbreviations: 5-ASA, 5-aminosalicylate; 6-MP, 6-mercaptopurine; IFX, infliximab; ADA, adalimumab; SCCAI, Simple Clinical Colitis Activity Index 
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Supplementary Table 6. Routine laboratory indices in the patient groups and healthy controls. 

 

 Crohn’s disease 

(n=51) 

Ulcerative colitis 

(n=42) 

Healthy Controls 

(n=35) 

P value  

Haemoglobin (g/L, mean, range) 137 (110-161) 135 (67-169) 141 (118-162) 0.169a 

White cell count (x 109/L, mean, range) 7.4 (3.2-13.7) 6.6 (3.0-15.1) 6.3 (3.8-9.9) 0.137a 

Platelet count (x 109/L, mean, range) 253 (148-527) 269 (140-610) 225 (129-340) 0.048a 

Serum albumin (g/L, mean, range) 40 (28-48) 40 (23-48) 42 (35-49) 0.035a 

Serum C-reactive protein (mg/L, median, range) < 2.0 (< 2.0-66) < 2.0 (< 2.0-33) < 2.0 (< 2.0-27) 0.012b  

Serum ferritin (ng/mL, mean, range) 205 (15-951) 177 (5-1054) 123 (13-424) 0.190a 

Faecal calprotectin (µg/g, median, range) 105 (< 30-7540) 88 (< 30-96389) 35 (< 30-278)c <0.001b 

Log faecal calprotectin 2.27 (<1.48-3.88) 2.31 (<1.48-4.98) 1.65 (<1.48-2.21) 0.001a 

a ANOVA  

b Kruskal Wallis test 

c Faecal calprotectin in patients with sporadic bowel cancer undergoing intestinal resection were noted to be as high as 278. These patients 

have been included in the analyses using faecal calprotectin as ‘healthy controls’. 
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Supplementary Table 7. Baseline patient characteristics of patients in retrospective cohort 

study. Montreal classification – Age at diagnosis: A1 –16 years or below, A2 – from 17 to 40 

years, A3 – above 40 years; disease location: L1 – ileal, L2 – colonic, L3 – ileocolonic; disease 

behaviour: B1 – non-stricturing, non-penetrating, B2 – stricturing, B3 – penetrating; UC disease 

extent: E1 – proctitis, E2 – left sided colitis, E3 – extensive colitis; UC disease severity: S1 – 

clinical remission, S2 – mild UC, S3 – moderate UC, S4 – severe UC [28]. 

 Patients not taking 

RAS blockers 

Patients taking RAS 

blockers 

P value 

Age (mean, range) 42 (19-83) 61 (39-87) <0.001a 

Female:Male 130:140 12:14 0.841c 

Montreal Classification    

Crohn’s disease (n) 189 18  

Age at diagnosis: A1:A2:A3 28:123:38 1:6:11 0.001b 

Disease location: L1:L2:L3 39:54:95 3:5:10 0.663b 

Upper GI (L4)d 7 0 1.0c 

Disease Behaviour: B1:B2:B3 90:40:59 7:5:6 0.529b 

Perianal disease 50 2 0.253c 

Ulcerative colitis (n) 81 8  

Disease extent: E1:E2:E3 13:34:34 3:2:3 0.445b 

Disease severity: S0:S1:S2:S3e 22:19:8:1 4:2:0:0 0.309b 

a Independent samples t-test 

b Mann-Whitney U test 

c Fisher’s exact test 

d Including 1 patient with isolated upper GI disease 

e Data for UC disease severity according to Montreal Classification only present from cohort 

of patients at one of two hospitals evaluated 
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Supplementary Table 8. Comparison of disease indices between patients taking and not 

taking RAS blockers. Disease activity score – 0: quiescent disease, 1: up to 2 flares per year 

with quiescent disease in between, 2: more than 2 flares per year or persistent disease activity 

for less than 50% of the time, 3: persistently active disease for over 50% of the time, 4: 

persistently active disease for over 50% of the time with flares. 

 Patients not 

taking RAS 

blockers 

Patients taking 

RAS blockers 

P value 

Disease activity score distribution    

All patients, n 270 26  

0:1:2:3:4 (n) 65:86:41:58:20 13:6:3:3:1 0.014a 

0:1:2:3:4 (%) 24:32:15:21:7 50:23:12:12:4  

Crohn’s disease, n 189 18  

0:1:2:3:4 (n) 42:53:30:50:14 9:4:1:3:1 0.035a 

0:1:2:3:4 (%) 22:28:16:26:7 50:22:6:17:6  

Ulcerative colitis, n 81 8  

0:1:2:3:4 (n) 23:33:11:8:6 4:2:2:0:0 0.252a 

0:1:2:3:4 (%) 29:41:13:10:7 50:25:25:0:0  

Medication requirement    

Immunomodulators (thiopurines and / or 

methotrexate) 

All patients, n (%) 

 

 

196 (73) 

 

 

19 (73) 

 

 

1.0b 

Crohn’s, n (%) 157 (83) 17 (94) 0.318b 

Ulcerative colitis, n (%) 39 (48) 2 (25) 0.279b 

Biologics 

All patients, n (%) 

 

123 (46) 

 

7 (27) 

 

0.097b 

Crohn’s, n (%) 119 (63) 7 (39) 0.074b 

Ulcerative colitis, n (%) 4 (5) 0 (0) 1.0b 

Combination therapy 

All patients, n (%) 

 

105 (39) 

 

7 (27) 

 

0.292b 

Crohn’s, n (%) 102 (54) 7 (39) 0.323b 

Ulcerative colitis, n (%) 3 (4) 0 (0) 1.0b 

Surgery 

All patients, n (%) 

 

39 (14) 

 

1 (4) 

 

0.225b 
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Crohn’s, n (%) 38 (20) 1 (6) 0.206b 

Ulcerative colitis, n (%) 1 (1) 0 (0) 1.0b 

Hospitalisations 

All patients, n (%) 

 

34 (13) 

 

0 (0) 

 

0.055b 

Crohn’s, n (%) 28 (17) 0 (0) 0.141b 

Ulcerative colitis, n (%) 6 (10) 0 (0) 1.0b 

Extra-intestinal manifestations 

All patients, n (%) 

 

46 (17) 

 

4 (15) 

 

1.0b 

Crohn’s, n (%) 38 (20) 3 (17) 1.0b 

Ulcerative colitis, n (%) 8 (10) 1 (12) 1.0b 

Most recent laboratory results, all patients    

C-reactive protein (mg/L, median, range) 3 (<2-193) 3 (<2 – 52) 0.675a 

Log Faecal calprotectin (mean, CI)d 2.09 (1.96-2.21) 1.66 (1.37-1.95) 0.046c 

Haemoglobin (g/L, mean, CI) 139 (137-141) 138 (133-143) 0.855c 

White cell count (X 109/L, mean, CI) 8.5 (5.3-11.6) 7.1 (6.1-7.1) 0.782c 

Platelet count (X 109/L, mean, CI) 252 (242-262) 238 (214-262) 0.392c 

Serum sodium (mmol/L, mean, CI) 140 (139-141) 140 (139-141) 0.527c 

Serum potassium (mmol/L, mean, CI) 4.1 (4.1-4.1) 4.2 (4.0-4.4) 0.653c 

Serum EGFR (mL/min, mean, CI) 85 (83- 86) 81 (77- 85) 0.032c 

a Mann-Whitney U test  

b Fisher’s exact test 

c Independent samples t-test 

d 96 patients had faecal calprotectin measured up to 3 months prior to assessment, only 8 of 

whom were concurrently using RAS blockers. 
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Supplementary Table 9. Comparison of disease indices between patients requiring and 

not requiring surgery over the previous 2-year period. 

 Patients 

requiring 

surgery 

Patients not 

requiring 

surgery 

P value 

Disease activity score distribution    

All patients, n 39 75  

0:1:2:3:4 (n) 2:16:5:10:6 18:20:12:21:4 0.100a 

0:1:2:3:4 (%) 5:41:13:26:16 24:27:16:28:5  

Crohn’s disease, n 38 73  

0:1:2:3:4 (n) 2:15:5:10:6 18:19:11:21:4 0.087a 

0:1:2:3:4 (%) 5:39:13:26:16 26:26:15:27:5  

Ulcerative colitis, n 1 2  

0:1:2:3:4 (n) 0:1:0:0:0 0:1:1:0:0 0.667a 

0:1:2:3:4 (%) 0:100:0:0:0 0:50:50:0:0  

Medication requirement    

Immunomodulators (thiopurines and / or 

methotrexate) 

All patients, n (%) 

 

 

32 (82) 

 

 

66 (88) 

 

 

0.405b 

Crohn’s, n (%) 32 (84) 65 (89) 0.550b 

Ulcerative colitis, n (%) 0 (0) 1 (0) 1.0b 

Biologics 

All patients, n (%) 

 

26 (67) 

 

43 (57) 

 

0.420b 

Crohn’s, n (%) 26 (68) 43 (59) 0.410b 

Ulcerative colitis, n (%) 0 (0) 0 (0) 1.0b 

Combination therapy 

All patients, n (%) 

 

24 (62) 

 

40 (53) 

 

0.432b 

Crohn’s, n (%) 24 (63) 40 (55) 0.425b 

Ulcerative colitis, n (%) 0 (0) 0 (0) 1.0b 

RAS Blocker Use 

All patients, n (%) 

 

1 (3) 

 

12 (16) 

 

0.034b 

Crohn’s, n (%) 1 (3) 12 (16) 0.033b 

Ulcerative colitis, n (%) 0 (0) 0 (0) 1.0b 

Beta Blocker Use 

All patients, n (%) 

 

1 (3) 

 

3 (4) 

 

1.0b 

Crohn’s, n (%) 1 (3) 3 (4) 1.0b 
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Ulcerative colitis, n (%) 0 (0) 0 (0) 1.0b 

Thiazide Diuretic Use 

All patients, n (%) 

 

0 (0) 

 

2 (3) 

 

0.546b 

Crohn’s, n (%) 0 (0) 2 (3) 0.546b 

Ulcerative colitis, n (%) 0 (0) 0 (0) 1.0b 

Statin Use 

All patients, n (%) 

 

0 (0) 

 

2 (3) 

 

0.546b 

Crohn’s, n (%) 0 (0) 2 (3) 0.546b 

Ulcerative colitis, n (%) 0 (0) 0 (0) 1.0b 

Calcium Channel Blocker Use 

All patients, n (%) 

 

0 (0) 

 

0 (0) 

 

1.0b 

Crohn’s, n (%) 0 (0) 0 (0) 1.0b 

Ulcerative colitis, n (%) 0 (0) 0 (0) 1.0b 

NSAID Use 

All patients, n (%) 

 

2 (5) 

 

2 (3) 

 

0.605b 

Crohn’s, n (%) 2 (5) 2 (3) 0.605b 

Ulcerative colitis, n (%) 0 (0) 0 (0) 1.0b 

Antidepressant Use 

All patients, n (%) 

 

3 (8) 

 

4 (5) 

 

0.689b 

Crohn’s, n (%) 3 (8) 4 (5) 0.689b 

Ulcerative colitis, n (%) 0 (0) 0 (0) 1.0b 

Most recent laboratory results, all patients    

C-reactive protein (mg/L, median, range) 3 (<2-75) 3 (<2-80) 0.509a 

Log faecal calprotectin (mean)d 2.1 2.1 0.686c 

a Mann-Whitney U test  

b Fisher’s exact test 

c Independent samples t-test 

d 40 patients had faecal calprotectin measured up to 3 months prior to assessment: 13 patients 

who had required surgery and 27 patients who did not require surgery in the previous 2-year 

period. 

 

Supplementary material Gut

 doi: 10.1136/gutjnl-2019-318512–11.:1 0 2019;Gut, et al. Garg M



 

 

28 

 

Supplementary Table 10. Comparison of disease indices between patients requiring and 

not requiring hospitalisation over the previous 2-year period. 

 Patients 

Hospitalised 

Patients not 

Hospitalised 

P value 

Disease activity score distribution    

All patients, n 34 68  

0:1:2:3:4 (n) 0:9:7:14:4 20:18:10:17:3 0.002a 

0:1:2:3:4 (%) 0:26:21:41:12 29:26:15:25:4  

Crohn’s disease, n 28 56  

0:1:2:3:4 (n) 0:7:5:12:4 16:13:9:16:2 0.007a 

0:1:2:3:4 (%) 0:25:18:43:14 29:23:16:29:4  

Ulcerative colitis, n 6 12  

0:1:2:3:4 (n) 0:2:2:2:0 4:5:1:1:1 0.125a 

0:1:2:3:4 (%) 0:33:33:33:0 33:42:8:8:8  

Medication requirement    

Immunomodulators (thiopurines and / or 

methotrexate) 

All patients, n (%) 

 

 

32 (94) 

 

 

51 (75) 

 

 

0.029b 

Crohn’s, n (%) 26 (93) 47 (84) 0.322b 

Ulcerative colitis, n (%) 6 (100) 4 (33) 0.245b 

Biologics 

All patients, n (%) 

 

19 (56) 

 

34 (50) 

 

0.675b 

Crohn’s, n (%) 18 (64) 34 (61) 0.364b 

Ulcerative colitis, n (%) 1 (17) 0 (0) 0.333b 

Combination therapy 

All patients, n (%) 

 

18 (53) 

 

28 (41) 

 

0.296b 

Crohn’s, n (%) 17 (61) 28 (50) 0.487b 

Ulcerative colitis, n (%) 1 (17) 0 (0) 0.333b 

RAS Blocker Use 

All patients, n (%) 

 

0 (0) 

 

8 (12) 

 

0.049b 

Crohn’s, n (%) 0 (0) 7 (13) 0.089b 

Ulcerative colitis, n (%) 0 (0) 1 (8) 1.0b 

Beta Blocker Use 

All patients, n (%) 

 

0 (0) 

 

2 (3) 

 

0.551b 

Crohn’s, n (%) 0 (0) 1 (2) 1.0b 

Ulcerative colitis, n (%) 0 (0) 1 (8) 1.0b 
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Thiazide Diuretic Use 

All patients, n (%) 

 

0 (0) 

 

3 (4) 

 

0.549b 

Crohn’s, n (%) 0 (0) 3 (5) 0.547b 

Ulcerative colitis, n (%) 0 (0) 0 (0) 1.0b 

Statin Use 

All patients, n (%) 

 

0 (0) 

 

3 (4) 

 

0.549b 

Crohn’s, n (%) 0 (0) 1 (2) 1.0b 

Ulcerative colitis, n (%) 0 (0) 2 (17) 1.0b 

Calcium Channel Blocker Use 

All patients, n (%) 

 

1 (3) 

 

2 (3) 

 

1.0b 

Crohn’s, n (%) 1 (3) 0 (0) 0.298b 

Ulcerative colitis, n (%) 0 (0) 2 (17) 0.529b 

NSAID Use 

All patients, n (%) 

 

0 (0) 

 

2 (3) 

 

0.551b 

Crohn’s, n (%) 0 (0) 2 (3) 0.550b 

Ulcerative colitis, n (%) 0 (0) 0 (0) 1.0b 

Antidepressant Use 

All patients, n (%) 

 

5 (15) 

 

7 (10) 

 

0.528b 

Crohn’s, n (%) 4 (12) 5 (7) 0.473b 

Ulcerative colitis, n (%) 1 (3) 2 (3) 1.0b 

Most recent laboratory results, all patients    

C-reactive protein (mg/L, median, range) 3 (<2 – 80) 3 (<2-68) 0.598a 

Log Faecal calprotectin (mean)d 2.3 2.1 0.370c 

a Mann-Whitney U test  

b Fisher’s exact test 

c Independent samples t-test 

d 42 patients had faecal calprotectin measured up to 3 months prior to assessment: 11 patients 

who required hospitalisation and 31 patients who did not. 
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