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ABSTRACT

BackgroundIntestinal fibrosis is one of the major complications in Crohn’s disease patients.Intestinal fibrosis can cause narrowing of the intestinal lumen. The mechanism ofintestinal fibrosis is still unknown and adequate models are lacking. By usingprecision-cut intestinal slices (PCIS), we studied regional differences in the early onsetof fibrosis in murine and human ileum and colon PCIS, as well as the response totransforming growth factor (TGF)-β1.
MethodsMurine PCIS (mPCIS) and matched human PCIS (hPCIS) were prepared andincubated up to 48 h with or without TGF-β1. ATP content of the PCIS was used toassess general viability. The gene expression of different fibrosis markers, includingpro-collagen 1α1 (COL1α1), alpha-smooth muscle actin (αSMA), heat shock protein 47(HSP47) and fibronectin (FN2), were determined to study fibrogenesis.
ResultsMurine and human PCIS from different intestinal segments were viable up to 48h. After 48 h of incubation, Hsp47 and Fn2 expression was significantly upregulated incolon mPCIS. In contrast, none of the tested genes were significantly upregulated inileum mPCIS. In addition, HSP47 expression tended to increase in colon hPCIS.TGF-β1, increased the expression of Col1α1 (1.8-fold), Hsp47 (1.6-fold), and Fn2(1.9-fold) in colon mPCIS and only Col1α1 (24.5-fold) in ileum mPCIS. In contrast, TGF-β1 did not appear to affect hPCIS in the cohort, but we did observe inter-individualdifferences in the sensitivity to TGF-β1.
ConclusionsPCIS is a valuable tool to study regional differences in intestinal fibrogenesis. Inmice, TGF-β1 has a more profound impact on colon PCIS as compared to ileum PCIS.Also, we found clear species differences in the early-onset of fibrosis.
Keywords:Intestinal fibrosis, precision-cut intestinal slices, regional differences, transforming growth factor-β1
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INTRODUCTIONInflammatory bowel disease (IBD) is a group of chronic inflammatory diseasesof the gastrointestinal tract. Reports have shown that the incidence and prevalence ofIBD is increasing and it is becoming one of the major diseases in the world.1,2 There aretwo main types of IBD, namely Crohn’s disease (CD) and ulcerative colitis (UC). Chronicinflammation of the gastrointestinal tract causes severe complications like swelling,intestinal fistulas and intestinal fibrosis.3 The latter is characterized by intestinal wallthickening due to the accumulation of extracellular matrix (ECM) proteins, which willultimately lead to strictures. About 50% of patients with CD and 5% of UC patientssuffer from intestinal fibrosis.4,5 Intestinal fibrosis is a consequence of an imbalancebetween acute/chronic inflammation and wound healing.6 Fibrosis-induced strictureswill ultimately lead to obstruction and distortion, which can only be treated byendoscopic dilatation or surgical resection.3The main effector cells for all types of organ fibrosis, including intestinalfibrosis, are mesenchymal cells, which exists in three distinct but interrelated forms:the fibroblast, the myofibroblast and the smooth muscle cell.7 Regional differences inthe cellular composition of the intestinal tract might influence the development ofintestinal fibrosis in different parts of the intestine and may explain why fibrosis ispredominantly found in the ileum and ileocolonic region, as compared to other partsof the intestine.7,8 The main pathway driving fibrogenesis is related to transforminggrowth factor-β1 (TGF-β1).9–11 When TGF-β1 is released, mesenchymal cells areactivated and start to produce ECM.12 In these activated cells the gene and proteinexpression of alpha-smooth muscle actin (αSMA), collagen (COL1α1), fibronectin(FN2) and heat shock protein 47 (HSP47)13 is increased. All of which could potentiallybe used as early markers for intestinal fibrosis.14–16To date, numerous in vitro and animal models are available to study intestinalfibrosis.17 However, there are no animal models that mimic Crohn’s disease. Recently,precision-cut tissue slices (PCTS) have shown their use in the study of toxicology, drugmetabolism and fibrosis.18–22 Moreover, the model can be used to study the humanpathogenesis of fibrosis because slices can be prepared from human tissue.
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The aim of this study was to evaluate the differences in (TGF-β1-induced)fibrogenesis in different regions (ileum and colon) of the intestine by using precision-cut intestinal slices (PCIS). To this end, we prepared PCIS from mouse tissue as well ashuman ileum and colon tissue obtained concurrently from the same patient. PCIS is an
ex vivo model in which all intestinal cell types are retained in their original tissue-matrix environment. Moreover, the (micro)villus organization is also preserved in theslices.23–25 Precision-cut tissue slices from various organs have been successfully usedas a model to study the mechanisms of fibrosis and the efficacy of antifibroticcompounds.23,26 In this study, PCIS were prepared from murine (mPCIS) and matchedhuman (hPCIS) ileum and colon tissue, and cultured up to 48 hr. The gene expressionsof the above-mentioned fibrosis markers (COL1α1, αSMA, HSP47, and FN2) weredetermined in PCIS in the presence and absence of the profibrogenic factor TGF-β1.
MATERIALS AND METHODS
Preparation mouse intestinal coresIntestinal tissue from adult non-fasted male C57BL/6 mice (Harlan PBC, Zeist,The Netherlands) was used for PCIS preparation. The mice were housed in a 12:12 hlight/dark cycle in a temperature and humidity-controlled room with ad libitum accessto food (Harlan chow no. 2018, Horst, The Netherlands) and water. The animals wereallowed to acclimatize for at least seven days before the start of the experiment. Theexperiments were approved by the Animal Ethical Committee of the University ofGroningen (DEC 6416AA).Tissue was obtained via a terminal procedure performed under isoflurane/O2anesthesia (Nicholas Piramal, London, UK). Mouse ileum (localized 10 cm after thejejunum, which is located 5 cm distal from the stomach) and colon (about 8 cm aftercecum) were excised and preserved in ice-cold Krebs-Henseleit buffer (KHB)supplemented with 25 mM D-glucose (Merck, Darmstadt, Germany), 25 mM NaHCO3(Merck), 10 mM HEPES (MP Biomedicals, Aurora, OH, USA), saturated with carbogen(95% O2/5% CO2) and adjusted to pH 7.4.The ileum and colon were cleaned by flushing KHB through the lumen andsubsequently divided into 2 cm segments. These segments were filled with 3 % agarose
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(w/v) solution in 0.9 % NaCl at 37 °C and embedded in an agarose core-embeddingunit.24
Preparation of human intestinal slicesMatched healthy human ileum and colon tissue was obtained from patientsundergoing hemicolectomy due to adenocarcinoma (See Table 1 for patientcharacteristics). Use of human tissue was approved by the Medical Ethical Committeeof the University Medical Centre Groningen (UMCG), according to Dutch legislation andthe Code of Conduct for dealing responsibly with human tissue in the context of healthresearch (www.federa.org), refraining the need of written consent for ‘further use’ ofcoded-anonymous human tissue. The procedures were carried out in accordance withthe experimental protocols approved by the Medical Ethical Committee of the UMCG.

Table 1. Characteristics of human PCIS from the human donors.
Human ID Gender* AgePatient 1 M 39Patient 2 M 76Patient 3 M 63Patient 4 F 86*M=male; F=female

Preparation of PCISPCIS were prepared in ice-cold KHB using a Krumdieck tissue slicer (AlabamaResearch and Development, USA). The slices, with a wet weight of 3-4 mg, have anestimated thickness of 300-400 μm. Slices were stored in ice-cold KHB until the startof the experiments.24
Incubation of intestinal slicesSlices were incubated in 12-well plates or 24-well plates for hPCIS or mPCIS,respectively. hPCIS and mPCIS were incubated individually in Williams’ Medium E withL-glutamine (Invitrogen, Paisly, UK) supplemented with 25 mM glucose, 50 μg/mlgentamycin (Invitrogen, Paisly, UK) and 2.5 μg/ml amphotericin-B (Invitrogen, Paisly,UK). During incubation, at 37 °C and 80% O2/5% CO2, the plates were horizontallyshaken at 90 rpm (amplitude 2 cm). hPCIS and mPCIS were incubated up to 48 h, with
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and without human TGF-β1 (Roche Diagnostics, Mannheim, Germany), 5 ng/ml forhPCIS and ileum mPCIS, and 1 ng/ml for colon mPCIS. The TGF-β1 concentration isbased on preliminary concentration-finding experiments (Supplementary Figure S1)
ViabilityViability was assessed by measuring the adenosine triphosphate (ATP) contentof the PCIS, as previously described.25
Gene expressionAfter incubation, slices were snap-frozen in liquid nitrogen and stored at -80 °Cuntil use. Total RNA of three pooled snap-frozen slices was isolated using a QiagenRNAeasy mini kit (Qiagen, Venlo, The Netherlands). The amount of isolated RNA wasmeasured with the BioTek Synergy HT (BioTek Instruments, Vermont, USA).Afterwards, cDNA was synthesized using 1 μg RNA and the Reverse TranscriptionSystem (Promega, Leiden, The Netherlands). The RT-PCR reaction was performed inan Eppendorf mastercycler with the following gradient: 25 °C for 10 min, 45 °C for 60min and 95 °C for 5 min.Expression of pro-collagen 1A1 (COL1α1), αSMA, HSP47, and FN2 weredetermined by the SYBRgreen method or by using Taqman gene expression assays.Samples were analyzed using a 7900 HT Fast Real-Time RT-PCR (Applied Biosystems)with 45 cycles of 10 min 95 °C, 15 sec at 95 °C, and 25 sec at 60 °C followed by adissociation stage (SYBR green) or with 40 cycles of 10 min at 95 °C, 15 sec at 95 °C and1 min at 60 °C (Taqman). Ct values were corrected for the Ct values of the referencegene Gapdh (∆Ct) and compared with the control (∆∆Ct). Results are calculated as foldinduction (2-∆∆Ct). Used primers and probes are listed in Table 2.
StatisticsStatistics were performed using GraphPad Prism 6.0. A minimum of threedifferent intestines was used for each experiment, using 3-6 slices from each intestineper condition. The results are expressed as mean ± standard error of the mean (SEM).Data was analyzed using a Mann-Whitney or Wilcoxon test and one-way ANOVAfollowed by Tukey’s multiple comparisons test. A p-value < 0.05 was considered
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statistically significant. Differences in ATP concentration were determined using thevalues relative to the control. qPCR results were compared using the mean ∆∆Ct or 2-ΔCt values.
Table 2. Primer sequences

Species Primer Forward sequence Reverse sequence Probe sequence

Human
GAPDH ACCAGGGCTGCTTTTAACTCT GGTGCCATGGAATTTGCC TGCCATCAATGACCCCTTCA
COL1α1 CAATCACCTGCGTACAGAACGCC CGGCAGGGCTCGGGTTTC CAGGTACCATGACCGAGACGTG
αSMA AGGGGGTGATGGTGGGAA ATGATGCCATGTTCTATCGG GGGTGACGAAGCACAGAGCA
HSP47 GCCCACCGTGGTGCCGCA GCCAGGGCCGCCTCCAGGAG CTCCCTCCTGCTTCTCAGCG
FN2 AGGCTTGAACCAACCTACGGATGA GCCTAAGCACTGGCACAACAGTTT ATGCCGTTGGAGATGAGTGGGAA

Mouse
Gapdh ACAGTCCATGCCATCACTGC GATCCACGACGGACACATTG -
Col1α1 TGACTGGAAGAGCGGAGAGT ATCCATCGGTCATGCTCTCT -
αSma ACTACTGCCGAGCGTGAGAT CCAATGAAAGATGGCTGGAA -
Hsp47 AGGTCACCAAGGATGTGGAG CAGCTTCTCCTTCTCGTCGT -
Fn2 CGGAGAGAGTGCCCCTACTA CGATATTGGTGAATCGCAGA -

RESULTS
Viability of PCISThe ATP content of PCIS was used to evaluate the viability of the slices duringculture. The ATP content of both mPCIS and hPCIS did not significantly change during48 h of incubation (Figure 1). Moreover, exposure for 48 h to the chosen TGF-β1concentrations did not impact the ATP content of the slices (Figure 1B, n=4-8; Figure

1D, n=4-5). In addition, we found no correlation between ATP content and theexpression of fibrosis markers in hPCIS when incubated with or without TGF-β1(Supplementary Figures S2-S5).
Gene expression of fibrosis markers

Murine PCISThe gene expression of fibrosis markers in ileum and colon mPCIS was studieddirectly after slicing. As shown in Figure 2, all genes were significantly higherexpressed in the colon as compared to ileum. From all the fibrotic markers, αSma hadthe highest basal expression in all regions of the intestine directly after slicing (Figure

2B).
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Figure 1. The effect of incubation time and TGF-β1 on murine PCIS (n=4-8) and human PCIS (n=4-
5) up to 48 h: (A) murine PCIS viability (relative value; incubation); (B) murine PCIS viability (relativevalue; TGF-β1, ileum= 5 ng/ml, colon=1 ng/ml); (C) human PCIS viability (relative value; incubation);(D) human PCIS viability (relative value; TGF-β1 5 ng/ml). Data are expressed as mean +/- SEM. One-way ANOVA followed by Tukey's multiple comparisons test or Mann-Whitney test.

The gene expression profile of the fibrotic markers during culture was alsodetermined. In ileum PCIS, a significant decrease in Col1α1 and αSma expression wasobserved after 24 h and 48 h of incubation, as compared to control (0 h; Figures 3A,

3B). Conversely, the expression of Hsp47 was increased after 48 h of incubation,although not significant (Figure 3C). Fn2 gene expression appeared to be elevatedafter 24 h of incubation, but levels returned to baseline after 48 h (Figure 3D).In colon PCIS, the expression of Col1α1 was significantly decreased after 24 h ofincubation, as compared to control. However, after 48 h of incubation, Col1α1expression was significantly increased compared to 24 h (Figure 3A). Hsp47 and Fn2expression was significantly increased after 48 h of incubation, as compared to both 0
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h (3.0-fold and 1.8-fold, respectively) and 24 h of incubation (Figures 3C and 3D). Incontrast, αSma mRNA levels were lower throughout the incubation period, ascompared to directly after slicing (Figure 3B).

Figure 2. Fibrotic gene expression in murine PCIS from different regions at 0 h (n=4): (A) Col1α1;(B) αSma; (C) Hsp47; (D) Fn2. Data are expressed as mean +/- SEM. Mann-Whitney test; **p<0.01 vs. 0h.
Next, we investigated the fibrogenic response in mPCIS following exposure toTGF-β1 (Figure 4). Exposure of ileum mPCIS to 5 ng/ml TGF-β1 for 48 h resulted in asignificant increase in the gene expression of Col1α1 (24.5-fold, Figure 4A), and Hsp47mRNA levels had a tendency to be up-regulated (Figure 4C). In contrast, αSma and Fn2gene expression was not affected by TGF-β1 (Figures 4B, 4D).In colon mPCIS, almost all the tested fibrosis markers were significantlyelevated following exposure to 1 ng/ml TGF-β1 (Col1α1: 1.8-fold; Hsp47: 1.6-fold, and

Fn2: 1.9-fold; Figures 4A, 4C, 4D). Conversely, the expression of αSma remainedunaffected (Figure 4B).
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Figure 3. Fibrotic gene expression in murine PCIS from different regions up to 48 h incubation
(n=4-8): (A) Col1α1; (B) αSma; (C) Hsp47; (D) Fn2. Data are expressed as mean +/- SEM. One-wayANOVA followed by Tukey's multiple comparisons test; *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 vs.0 h; #p<0.05, ##p<0.01, ####p<0.0001 vs. 24 h.
Human PCISFirst, we investigated the constitutive gene expression of several fibrosismarkers in matched ileum and colon hPCIS. As shown in Figure 5, none of the testedgenes were differentially expressed in ileum and colon. From all the fibrotic markers,

FN2 had the highest basal expression in all regions of the intestine directly after slicing(Figure 5D). Moreover, in all subjects, αSMA expression was lower in colon hPCIS ascompared to ileum PCIS (0h; Supplementary Figure S6).Next, we determined the gene expression profile of the fibrotic markers duringculture. In ileum PCIS, although not significant, the expression of HSP47 was increasedafter 24 and 48 h of incubation as compared to 0 h (Figure 6C).In colon PCIS, the expression of αSMA was significantly decreased after 24 and48 h of incubation, as compared to directly after slicing (Figure 6B) Also FN2 gene
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expression was significantly lower after 24 h of incubation (Figure 6D). In contrast,the expression of COL1α1 and HSP47 appeared to be increased after 48 h of incubation;however, these changes were not statistically significant (Figures 6A and 6C). Furtherinvestigation per patient showed that COL1α1 and HSP 47 expressions in all patientswas lower in colon hPCIS after 24 h incubation as compared to ileum hPCIS(Supplementary Figure S7). Conversely, at 48 h, COL1α1 and HSP47 levels werehigher in colon hPCIS as compared to ileum hPCIS (in 3 out of 4 patients;
Supplementary Figure S8).Furthermore, we found that there is a significant correlation between FN2expression in ileum and colon at 0 h (Supplementary Figure S9). In addition, αSMAexpression in ileum and colon showed a significant correlation after 48 h of incubation.Also, HSP47 (p=0.07, r=0.93) and COL1α1 (p=0.08, r=0.92) expressions in ileum andcolon tend to be correlated after 24 and 48 h of incubation, respectively(Supplementary Figures S10-S11).

Figure 4. Fibrotic gene expression in murine PCIS from different regions after 48 h incubation
with TGF-β1 (ileum= 5 ng/ml, colon=1 ng/ml) (n=4): (A) Col1α1; (B) αSma; (C) Hsp47; (D) Fn2. Dataare expressed as mean +/- SEM.  Mann-Whitney test. *p<0.05 vs. 48 h.
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Figure 5. Fibrotic gene expression in human PCIS from different regions at 0 h (n=4): (A) COL1α1;(B) αSMA; (C) HSP47; (D) FN2. Data are expressed as mean +/- SEM. Wilcoxon test.

Figure 6. Fibrotic gene expression in human PCIS from different regions up to 48 h incubation
(n=4): (A) COL1α1; (B) αSMA; (C) HSP47; (D) FN2. Data are expressed as mean +/- SEM. One-way ANOVAfollowed by Tukey's multiple comparisons test. *p<0.05, **p<0.01, ****p<0.0001 vs. control.
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Similar to mPCIS, hPCIS were also incubated with TGF-β1. However, in contrastto the results obtained in mPCIS, exposure to TGF-β1 did not alter the gene expressionof any of the tested genes in hPCIS (Figure 7). Nevertheless, when looking at the geneexpression per patient our data shows that in 3 out of 4 patients the expression offibrosis markers in colon hPCIS increased after 24 h of incubation with TGF-β1, incontrast to ileum hPCIS (Supplementary Figures S12, S13). After 48 h of incubationwith TGF-β1, only COL1α1 levels increased in ileum hPCIS and αSMA expressionincreased in colon hPCIS (3 out of 4 patients; Supplementary Figures S14, S15).Moreover, when we compared ileum and colon hPCIS, 3 out of 4 patients showed that
COL1α1 expression was higher in colon hPCIS than ileum hPCIS after 24 h of incubationwith TGF-β1; αSMA and FN2 expression was higher in colon hPCIS than ileum hPCISafter 48 h of incubation with TGF-β1 (Supplementary Figures S16, S17).Furthermore, we found that αSMA expression in ileum and colon tended to correlate(p=0.07, r=0.93) after 48 h of incubation with TGF-β1 (Supplementary Figure S18).

Figure 7. Fibrotic gene expression in human PCIS from different regions after 48 h incubation
with TGF-β1 5 ng/ml (n=4): (A) COL1α1; (B) αSMA; (C) HSP47; (D) FN2. Data are expressed as mean+/- SEM. Wilcoxon test.
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DISCUSSIONAs reported previously, there is a disparity in the incidence of intestinal fibrosisin the ileum and colon.27 Intestinal fibrosis mainly occurs in the ileum, and althoughthere are clear histological and physiological differences between the ileum and colon,it remains unclear why the ileum is more prone to fibrosis.2 To further elucidate theseregional differences in fibrogenesis, we studied the early-onset of fibrosis bydetermining the gene expression of fibrosis markers in the ileum and colon of mPCISand hPCIS in the absence or presence of TGF-β1.Directly after slicing the mice intestine, all studied genes were significantlyhigher expressed in the colon as compared to ileum. Moreover, in ileum and colonmPCIS, Col1α1 was down regulated after 24 h of incubation, but increased in colonmPCIS after 48 h, probably due to the activation of the wound healing process followingslicing.28 In addition, Hsp47 and Fn2 expression levels were increased in colon mPCISafter 48 h of incubation. These results imply that culturing of the slices inducesfibrogenesis. More importantly, it was shown that Hsp47 and Fn2 are highly expressedin Crohn’s patients with strictures.29,30 Thus, mPCIS might possibly reflect humanpathology. On the other hand, gene expression of αSMA was decreased in both mPCISand hPCIS. This might indicate that there is a loss of fibroblasts, since αSMA is a markerfor these cells. The loss of αSMA expression is also observed in slices prepared fromother tissues.23 However, the protein level of αSMA in other PCTS remained constantover time.19,31,32 Further studies are needed to elucidate if this also the case in PCIS. Inline with our result from colon mPCIS and hPCIS, Pham et al. showed that theexpression of Hsp47 and Fn2 significantly increased in jejunum mPCIS during culture,while αSma mRNA levels decreased. Also, they found that during incubation HSP47expression increased and αSMA expression decreased in jejunum hPCIS.20The onset of fibrosis was not clearly observed in ileum and colon hPCIS, mostlikely due to the low number of patients included in the study and high inter-individualvariation. However, this study used matched ileum and colon hPCIS allowing us toinvestigate intra-individual correlation in the gene expression profile. Our results showthat FN2 and αSMA expression in ileum correlated with colon at 0 and 48 h,respectively. These results suggest that there might be a shared stress-response
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mechanism between ileum and colon, despite differences in the development infibrosis.
Col1α1, Hsp47, and Fn2 were significantly up-regulated in colon mPCIS aftertreatment with TGF-β1. In ileum mPCIS, Col1α1 was the only marker that wassignificantly up-regulated following exposure to TGF-β1. Although intestinal fibrosis ismore common in the ileum, these results indicate that TGF-β1 can stimulate the onsetof fibrosis in the murine colon, indicating the potency of TGF-β1 as profibrotic stimulusin rodents.In contrast to mPCIS, TGF-β1 did not affect the expression of fibrosis markersin hPCIS. A possible explanation is that the concentration used was too low to inducefibrosis. Also, the addition of another trigger, such as platelet-derived growth factor(PDGF), might be necessary to induce fibrosis in hPCIS. In human liver slices, bothPDGF and TGF-β1 were necessary to induce the gene expression of fibrosis markers.18Another reason could be that the TGF-β signaling pathway is already activated due tothe surgical procedure or the preparation of the slices, as suggested previously.20Moreover, Smith et al. reported that intestinal resident macrophages, which play animportant role in the fibrotic process, are mainly present in the muscularis.33 This layerwas removed from the tissue before the preparation of hPCIS, but not during thepreparation of mPCIS. Thus, the human slices might lack a key cellular component offibrogenesis. Nevertheless, when looking at the response to TGF-β1 per patient, 3 outof 4 patients showed higher COL1α1 expression in colon hPCIS at 24 h, and αSMA and

FN2 expression was higher in colon hPCIS at 48 h. Thus, it seems that there is an inter-individual difference in the sensitivity to TGF-β1. Nevertheless, more extensive studiesare needed to fully elucidate this observation.As mentioned earlier, we used different dose of TGF-β1 for human and mousecolon. 5 ng/ml of TGF-β1 showed no toxic effects in colon hPCIS, while it was toxic incolon mPCIS. This result indicates that there is a species differences in the response toTGF-β1.This study has some limitations: 1) low number of patients, 2) fibrosis was onlystudied on gene level, and 3) we did not investigate the impact of PDGF. Regarding thelatter, it has been shown that PDGF expression is significantly increased in the inflamed
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intestine of IBD patients, especially in Crohn’s Disease,29 and the factor is known tostimulate myofibroblast proliferation and ECM production in PCIS.29,30
CONCLUSIONTaken together, PCIS could be a valuable tool to study regional differences inintestinal fibrogenesis. Moreover, in mice, TGF-β1 has a more profound impact oncolon PCIS as compared to ileum PCIS. Also, we found clear species differences in theearly-onset of fibrosis.
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SUPPLEMENTARY DATA

Figure S1. Effect of TGF-β1 on viability of murine colon PCIS (n=3-6) after 48 h incubation. Dataare expressed as mean +/- SEM. Mann-Whitney test; *p<0.05, ****p<0.0001 vs. control.
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Figure S2. Correlation between ATP and the fibrotic marker expression in human PCIS at 0 h: inileum (A-D) and colon (E-H), n=4.
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Figure S3. Correlation between ATP and the fibrotic marker expression in human PCIS after 24 h
incubation: in ileum (A-D) and colon (E-H), n=4.
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Figure S4. Correlation between ATP and the fibrotic marker expression in human PCIS after 48 h
incubation: in ileum (A-D) and colon (E-H), n=4.
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Figure S5. Correlation between ATP and the fibrotic marker expression in human PCIS with TGF-
β1 5 ng/ml after 48 h incubation: in ileum (A-D) and colon (E-H), n=4.
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Figure S6. Gene expressions in human ileum and colon PCIS at 0 h per patient: (A) COL1α1; (B)
αSMA; (C) HSP47; (D) FN2.

Figure S7. Gene expressions in human ileum and colon PCIS after 24 h incubation per patient: (A)
COL1α1; (B) αSMA; (C) HSP47; (D) FN2.
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Figure S8. Gene expressions in human ileum and colon PCIS after 48 h incubation per patient: (A)
COL1α1; (B) αSMA; (C) HSP47; (D) FN2.

Figure S9. Correlation between the expression of fibrotic markers in human ileum and colon PCIS
at 0 h: (A) COL1α1; (B) αSMA; (C) HSP47; (D) FN2. * indicates significantly different and stronglycorrelated (p<0.05, r>+/-0.5). n=4.
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Figure S10. Correlation between the expression of fibrotic markers in human ileum and colon
PCIS after 24 h incubation: (A) COL1α1; (B) αSMA; (C) HSP47; (D) FN2. n=4.

Figure S11. Correlation between the expression of fibrotic markers in human ileum and colon
PCIS after 48 h incubation: (A) COL1α1; (B) αSMA; (C) HSP47; (D) FN2. * indicates significantly differentand strongly correlated (p<0.05, r>+/-0.5). n=4.
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Figure S12. Gene expression in human ileum PCIS treated with TGF-β1 5 ng/ml after 24 h per
patient: (A) COL1α1; (B) αSMA; (C) HSP47; (D) FN2.

Figure S13. Gene expression in human colon PCIS treated with TGF-β1 5 ng/ml after 24 h per
patient: (A) COL1α1; (B) αSMA; (C) HSP47; (D) FN2.
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Figure S14. Gene expression in human ileum PCIS treated with TGF-β1 5 ng/ml after 48 h per
patient: (A) COL1α1; (B) αSMA; (C) HSP47; (D) FN2.

Figure S15. Gene expression in human colon PCIS treated with TGF-β1 5 ng/ml after 48 h per
patient: (A) COL1α1; (B) αSMA; (C) HSP47; (D) FN2.
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Figure S16. Gene expression in human ileum and colon PCIS treated with TGF-β1 5 ng/ml after
24 h per patient: (A) COL1α1; (B) αSMA; (C) HSP47; (D) FN2.

Figure S17. Gene expression in human ileum and colon PCIS treated with TGF-β1 5 ng/ml after
48 h per patient: (A) COL1α1; (B) αSMA; (C) HSP47; (D) FN2.
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Figure S18. Correlation between the expression of fibrotic markers in human ileum and colon
PCIS treated with TGF-β1 5 ng/ml after 48 h: (A) COL1α1; (B) αSMA; (C) HSP47; (D) FN2. n=4.
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