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Abstract
Background
Ulcerative colitis (UC) is characterised by disruption of the mucosal intestinal barrier. MicroRNAs, single stranded non-coding RNAs of approximately 22nt, are dysregulated in UC. MicroRNAs targeting thymic stromal lymphopoietin (TSLP), a cytokine involved in T-cell maturation and polarisation, may be involved in regulating UC inflammation and mucosal healing.

Materials and Methods
Biopsy samples from non-UC patients (n=38), inactive UC (n=18) and active UC (n=23) were analysed for mRNA (RT-qPCR) or TSLP protein expression (ELISA). Flow cytometry was used to isolate CD4+ T cells from biopsies. Functional mechanism was shown using luciferase assays and antago-miR transfections. TSLP/miR-31 association was analysed on n=196 subjects from a previous clinical trial that tested the anti-IL-13 drug tralokinumab, while mucosal healing effects were studied on a subset of patients (n=13) from this trial.

Results
We found that TSLP is reduced at both mRNA and protein levels in inflamed UC patients when compared to healthy subjects, in both whole biopsies and biopsy-isolated CD4+ CD25+ T cells. The expression of miR-31, predicted to target TSLP, inversely co-related to the levels of TSLP mRNA in T cells. Blocking miR-31 in vitro in T-cells increased both TSLP mRNA expression and protein secretion. Luciferase assays showed that miR-31 directly targeted TSLP mRNA, suggesting a direct mechanistic link. We also found that TSLP is increased in patients achieving mucosal healing, comparing biopsies before and after treatment from the tralokinumab trial. 

Conclusion
Our data suggest a role for TSLP in promoting mucosal healing and regulating inflammation in UC, while miR-31 can directly block this effect. 


Key Words
Ulcerative Colitis, MicroRNAs, TSLP, Mucosal Healing, Inflammation.


Introduction
Ulcerative colitis (UC) is a chronic inflammatory disorder of the colon. Ulcerative colitis is the commonest form of inflammatory bowel disease (IBD) and affects approximately 1 in 400 people in the UK (1). UC is characterised by inflammation of the lamina propria, usually starting distally in the rectum continuously affecting the colon to varying extent from proctitis, left sided colitis to subtotal or pan-colitis. 
Cytokines can inflict mucosal injury and inflammation in IBD in various ways such as stimulating the release of inflammatory mediators including leukotrienes, nitric oxide and activation of the NFB pathway (2). Traditionally, UC has been defined by cytokines secreted during predominantly a T-helper 2 cell type response with increased levels of IL-5 and IL-13 (3-5). However, recent reports have questioned this view, suggesting that other cytokines may also be involved (6) and the fact that anti-TNF- (a classic T-helper 1 cytokine) therapy benefits a proportion of patients favours a more complex picture with participation of a milieu of cytokines and interconnected cell types such as epithelium, macrophages, dendritic cells and T cells. 
The attainment and maintenance of mucosal healing in both Crohn’s disease and UC is a key therapeutic objective associated with improved patient outcomes, such as reduced risk of relapse (7). Crucially, this involves the restoration of the integrity of the epithelial barrier which is maintained by a single layer of polarised epithelial cells with intact tight junctions. Understanding factors contributing to the disruption of different components of the gut mucosa is essential to the development of more effective therapeutic agents. Epithelial cells may influence the outcome of innate and adaptive immune responses through expression of factors such as the cytokine thymic stromal lymphopoietin (TSLP). TSLP is expressed by gastrointestinal epithelial cells at the barrier surface in response to the luminal flora and/or invasive pathogens and may have an important role in the maintenance of epithelial barrier integrity (8, 9). Importantly, expression of TSLP is decreased in Crohn’s disease and coeliac disease (10, 11). Disruption of the TSLP pathway in murine models of colitis may result in the up regulation of Th2 cytokines (9), which have been implicated in the development of UC. TSLP may also reduce inflammation by the induction of T-regulatory cells and lowering IL-12 secretion (9, 12) playing a protective role in induced colitis in mice.
There are no data on the role that key regulatory components of the immune system, such as CD4+ T cells, might play in regulating TSLP expression in the gut mucosa, since most studies have focused on the expression of TSLP by epithelial cells. CD4+ T cells are key regulators of Th1 and Th2 responses, controlling the polarisation of CD8+ T cells and influence the function of dendritic cells, macrophages and epithelium through the expression of INF and IL-4. The role of CD4+ T cells has been extensively studied in UC; inflamed mucosa is infiltrated with CD4+ T cells producing predominately IL-17, whereas mucosal healing is associated with CD4+ T cells producing IL-22 (13). Consistent with this observation, mice deficient for the TSLP-receptor (TSLPR) show increased intestinal inflammatory cytokine production including IL-17 expression (9). Interestingly, IL-17 has been shown to inhibit TSLP expression in epithelium (14), while IL-22 has been recently shown to induce TSLP (15). We therefore hypothesised that CD4+ cells have a role in regulating the expression of TSLP in UC and intended to explore if they were able to do so in autocrine fashion.

MicroRNAs are short 19-23 nucleotide segments of single-stranded RNA that regulate post transcriptional RNA expression (16, 17) by binding to the 3´UnTranslated Region (3´UTR) of their target mRNAs. MicroRNAs are considered master regulators and can control entire pathways in development and disease (17) and thus are considered valuable biomarkers in several pathological processes (18-21). MicroRNAs are capable of specifically targeting mRNAs and blocking their translation into protein or, alternatively, degrade the target mRNA. Our previous study shows that miR-31 and miR-155 reduce IL13RA1 (the main receptor for IL-13) and thus IL-13 signalling, serving as an example of an important role of microRNA regulation in UC pathology  (22). Interestingly, miR-31 has been shown to be involved T cell polarisation in a TSNB-induced colitis mouse model by directly targeting IL-25 and modulating the Th1/Th17 pathway (23). Moreover, miR-155 has been shown to be essential in determining the bias of the immune response towards a Th1 type by controlling the role of CD4+ T cells (24), revealing microRNAs as key master regulators of the immune response. TSLP mRNA is a predicted target for miR-31 (25), a microRNA up-regulated in UC (22), suggesting an important role for miR-31 in UC (26, 27).
We set out to quantify TSLP expression in mucosal biopsies from UC patients in active disease and understand the regulation of this cytokine by microRNAs. We hypothesise that CD4+ T cells may play a role in the homeostasis of TSLP in colon mucosa.




Materials and methods

Human samples
Healthy, inactive and active UC biopsies and blood samples
Patients were recruited and consented in the endoscopy department at Southampton General Hospital. Human tissue and blood were obtained using protocols approved by the Southampton and South West Hampshire Regional Ethics Committee (REC) (REC reference 10/H0502/69 and 08/H0501/44). Up to 8 biopsies were taken of affected (active) or unaffected (inactive) sigmoid colon from patients with UC. Normal mucosal biopsies were obtained from consenting adults who were having colonoscopy for polyp or colorectal cancer surveillance. Demographic data was collected according to appendix 1. Patients were robustly phenotyped including an accurate treatment history to allow for possible confounding by different treatments and disease activity was recorded using the Mayo score.
RNA was extracted from whole mucosal biopsies using TRIzol. The samples were lysed in a MagNALyser and cooled on ice. Chloroform, isopropanol, and glycogen were used to form an RNA pellet after centrifugation. The pellet was dissolved and stored at -80oc. RNA was then quantified and assessed for purity on a NanoDrop Spectophotometer at a wavelength of 260nm.
Pre- and post-treatment UC biopsies
RNA extracted from biopsies collected in a phase II trial evaluating tralokinumab, a monoclonal antibody binding to IL-13, as an induction agent in moderate to severely active UC was available to us (NCT01482884) (28). RNA was isolated from fresh frozen mucosal biopsies in Allprotect tissue reagent (QIAGEN, Hilden, Germany) prior to RNA extraction using the miRNeasy MinElute kit (QIAGEN) at baseline, and at 12 weeks following fortnightly 300 mg subcutaneous tralokinumab or placebo administration. Clinical response, remission and mucosal healing was defined as reported by Danese and colleagues (28).
RT qPCR assays
RNA and microRNA were measured using reverse transcription and real time quantitative polymerase chain reaction, using the Taqman reverse transcription kit and specific primers from Life Technologies. 
ELISA
Previously snap frozen colonic biopsies were thawed on ice. The samples were homogenised by four cycles of freeze thawing with liquid nitrogen in 200 µL PBS and 8 µL protease inhibitor. The samples were vortexed between each cycle. Insoluble material was removed by centrifugation at 13200 rpm in order to pellet the cell debris and the protein rich supernatant was aspirated for analysis. 
Quantikine Human TSLP immunoassay from R&D Systems (Minneapolis, Minnesota, USA) was used to analyse TLSP protein (DTSLP0, polyclonal antibody detecting all isoforms) concentrations in tissue. The reagents were prepared as per the kit protocol after being brought to room temperature. In order to correct for biopsy volume when analysis of the TSLP ELISA protein concentration was performed, a BCA protein assay using a Pierce® (Waltham, Massachusetts, USA) BCA Protein Assay Kit was performed on each sample. The same supernatant used for each samples TSLP protein ELISA was used to assess total protein concentration.
Cloning and dual luciferase experiments
The genomic region encompassing miR-31 was amplified by PCR from genomic DNA using AmpliTaq Gold DNA Polymerase (ThermoFisher Scientific, Waltham, Massachusetts, USA), subcloned into pCR2.1 TOPO-TA cloning kit (Thermo Fisher Scientific) and then into pCDNA3.1(-) (Thermo Fisher Scientific). Primers employed were: miR-31_FOR: (XhoI) CTC GAG CAC TGA AGA GTC ATA GTA TTC TCC and miR-31_REV: (HindIII) AAG CTT AAA TCC ACA TCC AAG GAA GGG CG. The reporter for the 3’UTR of TSLP containing the potential binding site for miR-31 was generated by cloning into pDNA3.1(-) (XbaI/NotI) a PCR fragment amplified from genomic DNA corresponding to the 3´UTR of TSLP. For this we used the primers FOR_XbAI_3’UTR_TSLP (TCTAGA AGGCACCCTCTCACTCAATT) and REV_ Not1_3’UTR_TSLP (GCGGCCGC GGCATGTCCTGATTTTCCTCA). Mutation of the binding site of miR-31 was done using QuickChange Site Directed Mutagenesis (Stratagene, San Diego, California, USA) following the manufacturer’s protocol. Primers employed were: were FOR_MUT_3’UTR_TSLP GTCCTTAAATCCATCTTATCTAGAAACAGGTAAGAGGAAG and REV_MUT_3’UTR_TSLP
GGAATTTAGGTAGAATAGATCTTTGTCCATTCTCCTTCGA'. Transfections for the dual luciferase experiments were done in HeLa cells using Superfect (QIAGEN) and assayed employing the Dual Luciferase Reporter Assay (Promega, Madison, Wisconsin, USA) following manufacturer’s instructions as in previous work (29-31).
Cell culture and transfections
Jurkat cells (donated by Dr S. Mansour, University of Southampton, UK) were maintained in RPMI 1640 AQmedia™ (ThermoFisher Scientific) supplemented with L-alanyl-glutamine, sodium bicarbonate, 10% FBS, 100 units/mL penicillin and 100 µg/mL streptomycin. For transfections, Jurkat cells were seeded at a concentration of 2.0 x 105 cells/mL in 24 well plates. Anti-miR-31™ miRNA inhibitor or negative control were transfected using 5.00 µL INTERFERin™ (Polyplus, Illkirch, France) according to manufacturer instructions. After 24 hours, 2.5 µg of Phytohemagglutinin (PHA, 2.5 µg/mL (32)) were added to the appropriate wells. After 48 hours cells were collected, RNA extracted and subjected to RT-qPCR, supernatants were collected to perform ELISA.  
Isolation of PBMCs, Mucosal Lymphocytes and CD4+CD25intermediate 
Lymphocytes from peripheral blood (PBMCs) and mucosa were extracted using density centrifugation, from blood or disaggregated biopsies, respectively. For ex vivo surface staining, cells were suspended in 1 mL PBS in FACS tubes. Cells were counted and viability analysed by mixing 50 µl Trypan blue with an equal volume of cell suspension. 
Isolation of CD4+CD25intermediate cells by FACS sorting required the use of fluorochrome conjugated CD3 (# 21270034, Immunotools, Friesoythe, Germany), CD4 (# 11-0048-73, eBioscience, ThermoFisher) and CD25 (# 12-0259-42, eBioscience) added, 2 µL for every 1.0 x 106 cells. Cell suspensions were analysed using a FACS ARIA following manufacturer’s instructions. For intracellular FoxP3 staining (33), cells were fixed (Fixation Buffer, # 00-8222-49, eBioscience) for 20 minutes in the dark then Permeabilization Buffer (# 00-8333-56, eBioscience) was added and spun down. Supernatant was discarded and this step repeated once, before resuspension in permeabilization buffer. FITC conjugated FoxP3 (# 11-4777-73, eBioscience) was added and at room temperature for 20 minutes. After washes with permeabilization buffer and PBS the cell suspension was analysed using FACS-ARIA. CD4+CD25intermediate cells were very low on FOXP3 staining, as expected. Unstained and single colour control samples were used to calculate compensations. BD FACSDiva™ (BD, New Jersey, USA) software v6.0 was used for data analysis.


Statistics
Statistical analysis was performed using GraphPad Prism (La Jolla, California, USA) software version 6.07. Colonic biopsies and extracted lymphocytes were obtained from individual subjects. The Mann Whitney U test was used to compare gene, miRNA and protein expression in all experiments unless otherwise stated. Since a Gaussian distribution could not be assumed together with the presence of outlier samples we chose a non-parametric test. P values less than 0.05 were considered significant.

Ethical Considerations
All methods and experimental protocols where carried out in accordance with guidelines and regulations and approved by the Southampton and South West Hampshire Research Ethics Committee. Informed consent was obtained from all patients and donors who provided samples for this study. Informed consent was obtained from patients with active UC undergoing lower GI endoscopy as part of their routine clinical care for up to 8 additional biopsies to be taken (Southampton and South West Hampshire Research Ethics Committee (A) Reference Number 10/H0502/69). 



Results

TSLP is reduced in active UC biopsies
We performed RT-qPCR on mRNA extracted from colonic biopsies from UC patients (active or inactive) and healthy donors (cohort of patients in Supplementary Table 1). The relative expression of TSLP mRNA was decreased by 0.612 (p = 0.014) fold in active sigmoid UC compared with healthy controls (Figure 1A). TSLP protein concentration was quantified using ELISA and shown to be reduced in both inactive (down to 37%, p = 0.002) and active UC (down to 34%, p = 0.003) compared to healthy donors (Figure 1B, Supplementary Table 2, an independent cohort of patients). These data show that TSLP protein and mRNA are reduced in active UC, while only TSLP protein levels are reduced in inactive UC, suggesting translational control of TSLP protein levels. 

miR-31 is up-regulated in UC biopsies and directly targets TSLP 
MiR-31, is up-regulated in UC (22), and is predicted to target TSLP at the 3´UTR (Figure 2A (34)), therefore providing a possible mechanism for translational control of TSLP. Using RT-qPCR, we demonstrated that MiR-31 levels are strongly increased in active UC samples (approx. 11-fold) and more moderately increased in inactive UC samples (approx. 3-fold), when compared to the levels in healthy donors (Figure 2B, Supplementary Table 3, an independent cohort of patients).
We then performed a dual luciferase assay to confirm miR-31 binds to the 3´UTR of TSLP mRNA. We used a fusion of Renilla Luciferase with the TSLP 3´UTR DNA sequence (WT, containing the miR-31 binding site or with that binding site mutated, MUT, Figure 2A). HeLa cells (used in order to avoid background by endogenous TSLP mRNA and miR-31) we co-transfected with WT or MUT and a plasmid expressing miR-31 (pCDNA3.1-Mir31) or a negative control (pCDNA3.1). Figure 2C shows that over-expression of miR-31 blocked the luminescent activity of WT, but it did not affect the mutated 3’UTR of TSLP, MUT. Thus, miR-31 is capable of directly targeting the 3’UTR TSLP, but only when the predicted binding site in the position 1236-1242 is intact.
These data show that miR-31 is increased in samples from UC patients (which also show reduced TSLP protein levels) and is capable of directly targeting TSLP. 

miR-31 levels are increased, while TSLP mRNA levels are decreased in mucosal lymphocytes from active UC
Given the role of T cells, as key regulators of the immune response, we wanted to investigate their possibe role in the dysregulation of TSLP and miR-31 in UC. Firstly we confimed previous findings that TSLP is not constitutively expressed in lymphocytes from blood, unless stimulated with PHA in healthy volunteers (PBMCs in Supplementary Figure 1). Using density centrifugation, we isolated mucosal lymphocytes from fresh colonic biopsies in healthy controls and patients with active UC, extracted RNA from these cells and used generic RT-qPCR to detect TSLP mRNA and specific microRNA RT-qPCR to detect miR-31. As observed in the whole tissue biopsies (Figure 1), miR-31 was increased in mucosal lymphocytes, while TSLP was decreased in active UC, when compared to healthy donors (Figure 3A and B, Supplementary Table 4, an independent cohort of patients). When comparing active UC to healthy controls, the expression of TSLP mRNA in mucosal lymphocytes was reduced by more than a half, while the expression of miR-31 was increased approximately 2-fold.
We wanted to establish whether CD4+ T cells (excluding T-regs) were also expressing differential levels of TSLP mRNA in UC patients. We thus isolated CD4+CD25intermediate cells (low or no expression of FOXP3) by FACS sorting and subjected the samples to RT-qPCR. Our results (Figure 3C and D Supplementary Table 5) showed that CD4+ T cells expressed more miR-31 and less TSLP mRNA. This is a similar result to the one obtained in mucosal lymphocytes and whole biopsies.
[bookmark: OLE_LINK4]These data suggest that miR-31 may be targeting TSLP mRNA and thus promoting mRNA degradation in T cells that are infiltrating the gut mucosa of active UC patients, 

TSLP expression can be controlled by manipulating miR-31 levels
We have shown that miR-31 directly targets TSLP mRNA (Figure 2), which is downregulated in UC (Figure 1). This downregulation takes place, at least, in CD4 lymphocytes present in the inflamed mucosa of UC patients (Figure 3). In order to confirm the link between miR-31 and TSLP in UC, we studied this using Jurkat cells as an in vitro model of human T cells. Cells were stimulated with PHA to mimic, in vitro, an inflammatory environment that could be manipulated by blocking miR-31 with anti-sense oligonucleotides (antago-MiRs). After 48 hrs of PHA or no treatment, RNA was extracted from cells and RT-qPCR was performed to detect mRNA (random hexamers) or microRNAs (specific stem loop). PHA-treated cells showed reduced expression of TSLP mRNA, while miR-31 was increased (Figures 4A and B). This was consistent with our observations in lymphocytes from inflamed tissue (UC patients), compared to healthy tissue from donors (Figure 3). Furthermore, we established that miR-31 and TLSP mRNA levels showed a significant inverse correlation in Jurkat cells treated with PHA (Spearman r=-0.9048, p=0.0023, Figure 4C), suggesting that miR-31 and TSLP may have a mechanistic molecular link in T cells in keeping with our previous findings.
We then used this system to manipulate miR-31 levels by using an antago-miR against miR-31 (using a scrambled antago-miR as a negative control). Our results show that miR-31 antago-miR reduced the expression of miR-31 in cells transfected with this oligonucleotide (Figure 4D). Transfection of miR-31 antago-miR resulted in increased mRNA levels of TSLP, in both PHA treated and untreated cells (Figure 4E). This was accompanied by an increase of TSLP protein secretion by Jurkat cells where miR-31 was blocked, showing that miR-31 antago-miR produced a complete abrogation of the PHA-dependent reduction of TSLP expression in Jurkat cells (Figure 4F).
Taken together, these results demonstrate that, in vitro, miR-31 reduces TSLP mRNA levels and protein secretion in lymphocytes.
 
[bookmark: OLE_LINK1]Mucosal healing in UC patients is accompanied by enhanced TSLP expression and a reduction in miR-31 levels
Our data indicate that an increased miR-31 is responsible for a reduction of TSLP in the inflamed tissue of UC patients. Given the function of TSLP in the gut mucosa, we hypothesised that, in order to achieve mucosal healing, UC patients had to increase the level of expression of TSLP in the gut lining and that this had to be accompanied by a reduction in the levels of miR-31. We performed RT-qPCR and microRNA specific PCR on RNA extracted from biopsies taken before and after treatment with tralokinumab as part of a previously published phase II trial (28). We compared pre- and post-treatment samples only in patients who achieved mucosal healing after tralokinumab treatment. mRNA expression of TSLP was increased when mucosal healing was achieved in tralokinumab-treated patients (Figure 5A), suggesting that this cytokine might play a role in achieving mucosal healing via manipulation of IL-13 pathways. As we expected, miR-31 levels were reduced after mucosal healing, suggesting that miR-31 has a role in controlling TSLP expression in vivo, as we had already shown in our previous in vitro experiments (Figure 5B). This observation is further strengthened by a significant inverse co-relation between TSLP and miR-31 levels in all patients undergoing this trial (not only the ones that achieved mucosal healing and also including placebo controls, pooling pre- and post-treatment biopsy samples; Spearman r=-0.8226, p<0.0001, Figure 5C, Supplementary Table 6).
Taken together, our data indicate a role for TSLP in the healthy gut mucosa and that miR-31 negatively regulates the expression of TSLP at both mRNA and protein levels, through direct targeting of the 3’UTR.



Discussion
Our data show a clear relationship between miR-31 and TSLP. MiR-31 directly targets and downregulates TSLP expression. MiR-31 is increased in lymphocytes and whole tissue isolated from mucosal biopsies from UC patients, compared to healthy donors, while TSLP is down-regulated respectively. Furthermore, in Jurkat cells (used as a model of in vitro inflammation) the PHA-dependent increase in miR-31 is accompanied by a decrease in TSLP, both at mRNA and protein level, showing a highly significant inverse co-relation in vitro and in vivo. Finally, when we blocked miR-31 activity with an antago-miR of miR-31, the increase of miR-31 was negated in PHA-stimulated cells and thus the reduction of TSLP mRNA and protein was prevented. 
The effect of miR-31 on TSLP appears to be by direct targeting of the 3´UTR of TSLP mRNA. We have elucidated the precise position of the binding site of miR-31 in the 3´UTR region, which proves the molecular mechanism of miR-31 effect on TSLP. We were able to explore these findings in the patients that achieved mucosal healing after treatment with an anti-IL-13 antibody; these data suggest that TSLP may play a role in the restitution of mucosal integrity in UC (35).
We have demonstrated that miR-31 affects TSLP expression in T cells and that CD4+ T cells in the inflamed gut show the same pattern of downregulation as whole tissue biopsies. This is an important finding and, to our knowledge, the first time that TSLP expression has been demonstrated in mucosal CD4+ T cells (rather than epithelial cells). The generally accepted mechanism of action of TSLP on lymphocytes is through the influence of TSLP on dendritic cells which then drive Th2 lymphocyte responses (36); our results therefore suggest the existence of an autocrine stimulation. While CD4+ T cells extracted from the healthy sigmoid mucosa constitutionally express TSLP, we have found that peripheral lymphocytes (as part of a mixed population of peripheral blood mononuclear cells, PBMC) do not express TSLP unless stimulated in vitro, in accordance with previous studies (Supplementary Figure 1) (37). This may indicate that the expression of TSLP by T cells is dependent on activation by factors within the local environment such the interaction between the gut microbiota and components of the gut mucosa. This requires further investigation, but epithelial cells are known to increase TSLP expression in response to bacteria (38), in much the same way as lymphocytes increase TSLP expression when cultured with PHA. Our results may argue in favour of a key role for CD4+ T-cells that may be synchronised with gut epithelium through expression of TSLP. 
In murine models of colitis, TSLP may be a protective agent against mucosal inflammation in the gut (39). Decreased TSLP expression in UC is important because it links together, and provides a mechanism for, several disordered features of UC including a disordered response to luminal antigens, and the breakdown of regulation of the epithelial barrier. Dendritic cells, a known target cell for TSLP, express TSLP in an autocrine fashion (40), possibly to avoid polarisation towards Th17 in the healthy or repaired gut (12). It is possible that TSLP performs a similar role in CD4+ T cells thus contributing to the attainment and maintenance of mucosal healing. 
Further studies are required to assess the therapeutic role that TSLP could play in the management of UC, both as an induction and maintenance of remission target. The decrease of TSLP may be just a consequence of epithelium barrier dysfunction rather than it having an active role maintaining healthy epithelial homeostasis, although it has been shown to be protective in murine models (39). Different isoforms of TSLP may have differing biological functions (36). Our study did not distinguish between both isoforms and this needs further exploration to assess the therapeutic potential of manipulating TSLP. The fact that targeting of miR-31 can increase TSLP expression in lymphocytes is encouraging but needs to be validated in vivo. Individual miRs may target a number of different pathways with the possibility of both pro- and anti-inflammatory pathways being regulated in different ways simultaneously as well as the risk of off-target adverse effects. This is illustrated by data showing that miR-31 can also target IL-13RA1 and may be essential to control IL-13 signalling in the gut (22). 
In summary, both miR-31 and TSLP appear to be linked to healing of the gut mucosa before and after tralokinumab treatment, suggesting that these molecules could have a role as in attaining mucosal healing and perhaps could be used for targeted therapy to improve current treatments. 
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FIGURE LEGENDS
[bookmark: OLE_LINK2][bookmark: OLE_LINK5]Figure 1. TSLP expression is reduced in ulcerative colitis patients. A. Dot plot graph showing the mRNA expression determined by RT-qPCR of TSLP in colonic biopsies from non-UC patients (Healthy, n=8), inactive UC patients (Inactive UC, n=7) and active UC patients (Active UC, n=8). Normalised to GAPDH mRNA and compared against healthy control relative. B. Dot plot graph depicting the relative expression of TSLP protein, determined by ELISA, in colonic biopsies from non-UC patients (Healthy, n=12), inactive UC patients (Inactive UC, n=12) and active UC patients (Active UC, n=11). Data relative to healthy controls. Median values are compared employing one-tailed Mann Whitney U-tests. * p-value ≤ 0.05; ** p-value ≤ 0.01; ns = not significant. 
Figure 2. MiR-31 directly targets the 3’UTR of TSLP mRNA. A. Schematic depicting the predicted binding site for miR-31 in the 3’UTR of TSLP mRNA (WT) and the generated mutant version (MUT). B. Dot plot graph showing the expression of miR-31, determined by RT-qPCR, in colonic biopsies from non-UC patients (Healthy, n=19), inactive UC patients (Inactive UC, n=21) and active UC patients (Active UC, n=25). Normalised to RNU44 and compared against healthy control. Median values are compared employing one-tailed Mann Whitney U-tests. C. Bar graph showing the effects of over expressing miR-31 on the luciferase activity on the 3´UTR of TSLP (WT) or its mutant version (MUT) or a reporter vector with no insert (Empty). Renilla Luciferase vectors were co-transfected into Hela cells with plasmids expressing miR-31 (miR-31) or no insert (Control). N=3, statistics were done employing a paired 2-tailed t test. Represented are mean + Standard Error of the Mean, represented as 100% Renilla Luciferase of the Control experiment. * p-value ≤ 0.05; **** p-value ≤ 0.0001. ns = not significant.
Figure 3. Mir-31 levels are increased, while TSLP mRNA levels are decreased in mucosal lymphocytes and CD4+CD25intermediate T-cells from active UC patients. Cells were isolated from biopsies obtained from healthy donors and active UC patients, mucosal lymphocytes (n=4 in both healthy and active UC) and CD4+CD25intermediate T-cells (n=6 and n=5, respectively). RNA was extracted and subjected to RT-PCR. A and C. Dot plot graph shows the expression of TSLP mRNA normalized to GAPDH and compared to healthy control. B and D. Dot plot graph showing the expression of miR-31, normalized to RNU44 and compared to healthy control. Median values are compared with a one-tailed Mann Whitney U test. * p ≤ 0.05; ** p ≤ 0.01.
[bookmark: _Hlk486509465]Figure 4. MiR-31 can regulate the levels of TSLP expression in Jurkat T-cells. Jurkat cells were treated with PHA and RNA was extracted after 48 hours. Dot plot graphs representing A. the relative expression of TSLP mRNA determined by RT-qPCR and normalized to GAPDH (n=12) and B. the relative expression of miR-31 determined by RT-qPCR and normalized to RNU44 (n=8). C. Co-relation of TSLP mRNA expression and miR-31 expression in Jurkat cells treated with PHA. Spearman r=-0,9048, p=0.0023. Jurkat cells (n=6, per treatment group) were also transfected with anti-miR-31 oligonucleotides (and scramble control) and then treated with PHA 24 hours later, for another 48 hours. RNA and supernatants were collected and D. TSLP mRNA and E. miR-31 were determined by RT-qPCR, while F. TSLP secretion was detected using ELISA. Median values are compared with a one-tailed Mann Whitney U test. * p-value ≤ 0.05; ** p-value ≤ 0.01. ns = not significant.
[bookmark: _Hlk486522173]Figure 5. TSLP expression increases, while miR31 levels decrease, in patients undergoing mucosal healing. RNA from subjects presenting mucosal healing in the tralokinumab study was subjected to RT-qPCR to detect A. expression levels of TSLP mRNA, before and after treatment (n=14, paired), normalized to GAPDH and B. expression level of miR-31, before and after treatment (n=13, paired), normalized to RNU44. Median values are compared with a one-tailed Mann Whitney U test. * p-value ≤ 0.05; ns = not significant. C. Co-relation of TSLP mRNA and miR-31 expression in the RNA extracted from 144 samples (pre- and post-treatment biopsies) from patients (placebo or treatment) that participated in the tralokinumab study (Table 6). Spearman r=-0,8226, p < 0.0001.
