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Abstract
BACKGROUND
[bookmark: OLE_LINK61][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK31][bookmark: OLE_LINK32]The expression of jumonji domain-containing 3 (Jmjd3) and trimethylated H3 lysine 27 (H3K27me3) in active ulcerative colitis (UC) and the correlation between vitamin D receptor (VDR) and the Jmjd3 pathway are unknown.

AIM
[bookmark: OLE_LINK62][bookmark: OLE_LINK63]To study the relationship between VDR, Jmjd3 and H3K27me3 in patients with active UC.

METHODS
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK64]One hundred patients with active UC and 56 healthy controls were enrolled in this study. The patients with active UC were divided into groups according to mild (n = 29), moderate (n = 32) and severe (n = 29) disease activity based on the modified Mayo score. Vitamin D levels were measured by radioimmunoassay. Colonic mucosal tissues from UC patients and controls were collected by colonoscopy. The expression of VDR, Jmjd3 and H3K27me3 in the intestinal mucosa was determined by immunohistochemistry staining.

RESULTS
[bookmark: OLE_LINK65][bookmark: OLE_LINK66]Patients with active UC had lower levels of serum vitamin D (13.7 ± 2.8 ng/mL, P < 0.001) than the controls (16.2 ± 2.5 ng/mL). In the UC cohort, serum vitamin D level was negatively correlated with disease activity (r = -0.323, P = 0.001). VDR expression in the mucosa of UC patients was reduced compared to that in normal tissues (P < 0.001) and negatively correlated with disease activity (r = -0.868, P < 0.001). Similar results for VDR expression were noted in the most serious lesion (defined as UC diseased) and 20 cm proximal to the anus (defined as UC normal) (P < 0.05). Simultaneously, Jmjd3 expression significantly increased in UC patients (P < 0.001), but no difference was found between the different sites in UC patients. H3K27me3 expression in UC patients was significantly down-regulated when compared with normal tissues (P < 0.001), but up-regulated in the mild disease activity group in comparison with the moderate disease activity group of UC patients (P < 0.05). Jmjd3 Level was negatively correlated with the level of VDR (r = -0.342, P = 0.002) and H3K27me3 (r = -0.341, P = 0.002), while VDR level was positively correlated with H3K27me3 (r = 0.473, P < 0.001). 

CONCLUSION
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK67]Serum vitamin D and VDR were inversely correlated with disease activity in active UC. Jmjd3 expression increased in the colonic mucosa of active UC patients and was negatively associated with VDR and H3K27me3 level.
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[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK60]Core Tip: This is the first report of the relationship between serum vitamin D, vitamin D receptor (VDR), Jumonji domain-containing 3 (Jmjd3) and trimethylated H3 lysine 27 expression and pathological activity in patients with active ulcerative colitis (UC). In active UC, vitamin D level was negatively correlated with disease activity and positively correlated with VDR expression. Furthermore, colonic Jmjd3 expression was significantly increased, while trimethylated H3 lysine 27 was decreased in UC patients compared to controls. These findings indicate that VDR expression was inversely related to Jmjd3 expression and disease activity in the colonic mucosa of patients with UC. 


INTRODUCTION
[bookmark: OLE_LINK68][bookmark: OLE_LINK69]Inflammatory bowel disease (IBD) is a multifactorial disease characterized by alternating periods of remission interspersed with relapses, and includes Crohn’s disease and ulcerative colitis (UC)[1]. Although the pathological mechanism has not been fully elucidated, most studies have provided evidence that genetic susceptibility, intestinal antigens, overactive immune responses and various environmental triggers can contribute to intestinal inflammation[2,3].
In the last decades, emerging evidence has demonstrated the fundamental role of vitamin D in the development and pathogenesis of IBD[4]. Vitamin D is metabolized in the liver to 25 (OH) D and is then converted to the active form of 1, 25-dihydroxy vitamin D by 1α-hydroxylase in the kidney[5]. Vitamin D receptor (VDR) is widely distributed in intestinal mucosal epithelial cells in human small intestine and colon[6]. Studies have suggested that VDR not only participates in the regulation of calcium and phosphorus metabolism, but also plays an important role in cell proliferation, differentiation and immune responses. Vitamin D exerts its anti-inflammatory effect mainly by acting on VDR and has been proven to be associated with IBD[7]. Low vitamin D status has been observed in patients with IBD and was shown to be inversely associated with disease activity[8-10]. Loss of VDR in intestinal epithelial or myeloid cells can increase the expression of mucosal pro-inflammatory cytokines and exacerbate experimental colitis[11]. In addition, the expression of VDR in patients with IBD is significantly decreased[12-14]. Thus, the vitamin D pathway may play an important role in immune homeostasis in patients with IBD.
The Jumonji domain-containing 3 (Jmjd3) is a histone demethylase that specifically demethylates trimethylated H3 lysine 27 (H3K27me3), which is a conventionally “repressive” histone modification[15,16]. Increased Jmjd3 can enhance pro-inflammatory responses by demethylating the repressive H3K27me3 epigenetic mark in distinct transcription factors[17]. New research shows that Jmjd3 can induce the nucleotide-binding domain-like receptors family pyrin domain-containing 3 inflammasome activation by decreasing the enrichment of H3K27me3 on the promotors of nuclear factor-erythroid 2-related factor 2 (Nrf2), thereby inducing the occurrence of colitis[18]. GSKJ4 is a small-molecule Jmjd3 inhibitor and can alleviate experimental dextran sulfate sodium-induced colitis[18]. However, a large number of studies have shown that nuclear factor-kappa B (NF-κB) signaling and signal transducer and activator of transcription (STAT) signaling promote the expression of pro-inflammatory genes by activating Jmjd3[19]. Interestingly, vitamin D has been shown to reduce intestinal inflammation by negatively regulating NF-κB and STAT signals by acting on the VDR[20,21]. Importantly, a previous study revealed that vitamin D regulates the ribonucleic acid (RNA) expression of genes encoding for Jmjd3, suggesting a potential role of VDR in Jmjd3 activation[22,23]. However, the expression of Jmjd3 and H3K27me3 in clinical patients with UC and the correlation between VDR and Jmjd3 pathway remain unknown.
In this study, we investigated serum vitamin D level and the differential expression of VDR, Jmjd3 and H3K27me3 between healthy and UC patients with different disease activity to determine the correlation between VDR and the Jmjd3 signaling pathway.

MATERIALS AND METHODS
[bookmark: OLE_LINK70][bookmark: OLE_LINK71]Study design and patient data
A total of 100 patients with UC (57 females and 43 males) were enrolled in this study in the First Affiliated Hospital of Anhui Medical University from December 2019 to June 2020. The patients with active UC were divided into groups according to mild, moderate and severe disease activity based on the modified Mayo score. In addition, 56 healthy individuals (32 females and 24 males) with normal physical examination were included as controls (Figure 1). The median age of UC patients and healthy controls was 45.5 and 45.8 years, respectively. In order to exclude the effects of light exposure and geographical location on serum vitamin D level, all UC patients and controls were permanent residents in Anhui. Patient gender, age, body mass index (BMI), history of medication and duration of disease were recorded. White blood cell counts, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), hemoglobin (HGB), alkaline phosphatase (ALP) and vitamin D levels were measured in all UC patients. The study was approved by the Ethics Committee of the First Affiliated Hospital of Anhui Medical University (No. PJ2019-14-23), and written informed consent was obtained from all participants.

Data collection
Clinical data were obtained from case data and medical history questionnaires and included age, sex, BMI, disease duration, family history of UC, smoking status, history of medication and vitamin D supplementation. The Mayo disease activity index was scored based on the clinical manifestations, endoscopic findings and histological scores of the patients. The UC patients were classified into rectal type, left colon type and total colon type based on the Montreal classification.

Collection of blood and tissue samples 
Blood samples from UC patients and healthy subjects were collected and sera were separated by centrifugation at 3000 rpm for 10 min at 37 °C and then stored at -80 °C until analysis. Colonic mucosal biopsies were obtained from 16 patients with mild, 27 with moderate and 13 with severe active UC. At the time of endoscopy, two colonic mucosal biopsies were obtained from the most serious lesion (defined as UC diseased) and 20 cm proximal to the anus (defined as UC normal), which were placed in 10% buffered formalin for immunohistochemistry staining. 

Vitamin D measurement
The DIAsource 25 (OH) Vitamin D total-RIA-CT kit (Louvain-la-Neuve, Belgium) was used to measure the concentration of serum vitamin D according to the manufacturer’s instructions. Serum CRP and ALP were determined by immunoturbidimetry. ESR was measured using the Westergren method. White blood cells and HGB were detected using a Sysmex XN-9000 automatic hematology analyzer (Kobe, Japan).

Immunohistochemistry 
Fresh colon biopsies were obtained and embedded in paraffin wax after fixation with 10% neutral buffered formalin. Tissues were cut into 5-μm thick sections. The sections were subjected to routine deparaffinization and rehydration, incubated with 3% hydrogen peroxide for 15 min to inhibit endogenous peroxidase activity and microwaved in 0.01 mol/L citrate buffer (pH 9.0) for 30 min to achieve antigen retrieval. After that, rabbit monoclonal antibody against VDR (Ab3508; dilution 1:2000; Abcam Inc., Cambridge, United Kingdom), anti-Jmjd3 rabbit monoclonal antibody (Ab38113; 1:400 Abcam Inc.) or anti-H3K27me3 mouse monoclonal antibody (Ab6002; 1:200; Abcam Inc.) were added to the tissue specimens and incubated at 4 ˚C overnight, followed by staining with mouse anti-rabbit immunoglobulin G (1:100; Dako, Glostrup, Denmark) or a biotinylated goat anti-mouse immunoglobulin G (1:100; Dako) as secondary antibodies for 1 h at 37 °C. The sections were then incubated with 3,3’-diaminobenzidine and lightly counterstained with hematoxylin to demonstrate binding. Finally, the above sections were observed under a light microscope after dehydration. Ten fields of view per section were observed blindly at × 40 as a semiquantitative assessment of immunohistochemical staining. VDR, Jmjd3 and H3K27me3 staining was evaluated with Image-Pro Plus analysis software (version 6.0; Dallas, TX, United States). Positive signals were quantified as the mean optical density.

Statistical analysis
Statistical analyses were performed using Statistic Package for Social Science Statistical Software (Ver. 22.0; IBM Corp., Armonk, NY, United States), and figures were produced with GraphPad Prism (Ver. 6.02; La Jolla, CA, United States). All data were expressed as the mean ± standard deviation or median (minimum and maximum) for continuous variables and as number (percent) for categorical variables. The Shapiro-Wilk test was used to assess the normality of numeric variables. For continuous variables, differences were analyzed by the Student’s t test or the Mann–Whitney U test. For categorical variables, the c2 or Fisher’s exact test was used to compare frequencies. The correlations between serum vitamin D, VDR, Jmjd3, H3K27me3 and other indices (ESR, CRP, HGB, ALP and the Mayo score) were analyzed using Pearson’s correlation analysis or Spearman’s correlation analysis. P < 0.05 was considered statistically significant.

RESULTS
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK72]Participant characteristics
In total, 100 UC patients and 56 healthy controls were included in the study according to the inclusion and exclusion criteria. The subjects’ demographics and clinical characteristics are shown in Table 1. The mean age of UC patients and healthy controls was 45.5 years and 45.8 years, respectively, and the mean disease duration was 5.4 years. Women accounted for 57.0% and 57.1% of UC patients and healthy controls, respectively. Forty-five percent of UC patients had a history of smoking, compared with 37.5% in the control group. The BMI of UC patients and controls was 21.2 kg/m2 and 20.4 kg/m2, respectively. The level of serum vitamin D in the UC group was significantly lower than that in healthy control group (P < 0.001). Eight percent of patients had pancolitis, and 38% had extensive colitis. Eighty percent of patients were taking sulfasalazine or 5-aminosalcylate, 2% were treated with immunosuppressants, 31% with corticosteroids, 4% with biological agents and the remaining 22% with antibiotics, probiotics or Traditional Chinese Medicine at the time of enrollment. In addition, comparisons of vitamin D and laboratory indicators among the different groups of UC patients are shown in Table 2.

Serum 25 (OH) D level was associated with UC disease activity
Mean serum vitamin D level in UC patients was decreased (13.7 ± 2.8 ng/mL) compared with that in healthy controls (16.2 ± 2.5 ng/mL) (P < 0.001; Figure 2A). UC patients with mild disease activity had a significantly higher vitamin D level than those with severe disease activity (14.8 ± 2.4 ng/mL vs 11.7 ± 3.1 ng/mL, P = 0.001), and this relationship was also found between those with moderate and severe disease activity (14.4 ± 2.4 ng/mL vs 11.7 ± 3.1 ng/mL, P = 0.003; Figure 2A). UC patients who were smokers, showed a similar vitamin D level to non-smokers (13.5 ± 2.7 ng/mL vs 13.8 ± 2.9 ng/mL; Figure 2B). In addition, we noted that serum vitamin D level in UC patients was not associated with steroid or non-steroid therapy (13.3 ± 3.3 ng/mL vs 13.8 ± 2.6 ng/mL; Figure 2C). Furthermore, serum vitamin D level was inversely correlated with disease activity as defined by the total Mayo score in UC patients (r = -0.323, P = 0.001; Figure 2D). No close relationship between serum vitamin D and the age of UC patients was observed (r = 0.171, P = 0.089; Figure 2E), in contrast to the negative correlation observed between serum vitamin D and duration of disease (r = -0.686, P < 0.001; Figure 2F).

Serum vitamin D level was negatively correlated with CRP but positively correlated with HGB and ALP
We applied Spearman’s r to investigate the relationship between serum vitamin D level and inflammatory markers such as CRP, ESR, HGB and ALP. As expected, vitamin D level was inversely correlated with CRP (r = -0.221, P = 0.027; Figure 3A) but not with ESR in UC patients (r = -0.174, P = 0.084; Figure 3B). In contrast, vitamin D level was positively correlated with HGB (r = 0.262, P = 0.009; Figure 3C) and ALP (r = 0.296, P = 0.003; Figure 3D) levels. Furthermore, the Mayo score was negatively correlated with HGB (r = -0.334, P < 0.001; Figure 3E) and ALP (r = -0.532, P < 0.001; Figure 3F) levels.

VDR expression was inversely correlated with disease activity in colonic epithelial cells of UC patients
Immunohistochemical examination of VDR was performed on paraffin sections of colon biopsy specimens from 56 UC patients (16 cases with mild, 27 with moderate and 13 with severe disease activity) and 22 healthy controls. The results showed that VDR was abundantly expressed in the mucosa, glandular ducts and inflammatory cells in all samples (Figure 4A). VDR expression in UC diseased (c) was lower than that in the control (a) and UC normal (b). The mean optical density of VDR staining in UC diseased markedly decreased in comparison with the UC normal and control (Figure 4B). The abundance of VDR expression was found to decrease in patients with mild, moderate and severe disease activity in turn (Figure 4B).

Jmjd3 expression increased while H3K27me3 decreased in UC patients 
As seen in the immunohistochemical detection of VDR, the expression of Jmjd3 and H3K27me3 was examined in UC patients and healthy controls. Jmjd3 and H3K27me3 were specifically expressed in the mucosal surface, glandular ducts and inflammatory cells in all biopsies. Jmjd3 expression was elevated in UC patients (e, f) compared with healthy controls (d) (Figure 4C). However, there were no significant differences in Jmjd3 expression among the mild, moderate and severe disease activity groups (Figure 4C). H3K27me3 expression in UC patients distinctly declined in comparison with normal controls (g) (Figure 4D) but was notably higher in the mild disease activity group than that in the moderate disease activity group (Figure 4D). However, significant high expression of H3K27me3 was not seen in UC normal (h) and in UC diseased (i).

VDR expression was negatively correlated with Jmjd3 but positively correlated with H3K27me3 
To analyze the correlation of VDR with Jmjd3 and H3K27me3, we compared the expression levels of the three molecules. It was found that VDR expression in colonic mucosa was positively related to the serum vitamin D level in all UC patients and healthy controls (r = 0.278, P = 0.038; Figure 5A) but negatively correlated with the Mayo score in all participants (r = -0.868, P < 0.001; Figure 5B). Statistical analysis showed that elevated expression of VDR was observed with decreased Jmjd3 expression (r = -0.342, P = 0.002) and with increased H3K27me3 staining (r = 0.473, P < 0.001; Figure 5C and D). Accordingly, a significant negative correlation was found between Jmjd3 and H3K27me3 (r = -0.341, P = 0.002; Figure 5E). 

DISCUSSION
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]In this study, we demonstrated a lower level of serum vitamin D in patients with UC compared with healthy controls, and the level of serum vitamin D was inversely associated with disease activity. Our results also showed that the expression of VDR and H3K27me3 in the colonic mucosa of UC patients was synchronously decreased, while Jmjd3 expression was increased. Importantly, a significant negative correlation was noted between VDR and Jmjd3 expression, and this relationship was also observed between Jmjd3 and H3K27me3. These findings indicated that vitamin D and VDR were inversely associated with disease activity in active UC in which both Jmjd3 and H3K27me3 were probably involved.
Vitamin D deficiency is common in patients with IBD, probably due to malabsorption and intestinal inflammation that influence vitamin D absorption. Therefore, vitamin D deficiency may be closely associated with the occurrence of IBD, although the causal relationship between them is not fully clarified. A potential link between the pathogenesis of IBD and vitamin D deficiency is supported by laboratory studies. For example, vitamin D has been shown to induce the production of antimicrobial peptides by activating Toll-like receptors[24]. Other studies have reported that vitamin D promotes the proliferation of T-helper 2 cells and inhibits T-helper 1 cells[25,26]. In experimental colitis models, vitamin D or VDR deficiency leads to increased severity of colitis[27,28]. In addition, increasing evidence has demonstrated that low vitamin D level is inversely correlated with disease activity in patients with IBD, even in newly diagnosed patients[12,29,30]. A multiyear cohort study showed that low serum vitamin D level increased disease activity in IBD patients[8]. A cohort study of 70 UC patients also indicated that vitamin D level was negatively associated with endoscopic and histologic inflammation severity during clinical remission[9]. Taken together, these findings indicate that low vitamin D may increase the risk of IBD. Consistent with previous studies, our study also indicated that there is an inverse correlation between vitamin D level and disease activity in UC. Furthermore, we observed that serum vitamin D level was inversely related to CRP level in patients with active UC. Interestingly, it was observed that HGB and ALP levels were positively correlated with vitamin D level and inversely correlated with disease activity, suggesting that HGB and ALP might contribute to the amelioration of disease activity. However, it is still unknown how the age of the patient and duration of UC change the mechanisms of vitamin D in the body. Our findings suggested that disease duration was directly correlated with lower vitamin D level in UC, which may be caused by the decrease of absorption. In addition, UC patients who smoked had a similar vitamin D level to UC patients who did not smoke. These data suggest that vitamin D may not be a risk factor for UC, which is consistent with a previous study[31].
VDR is widely expressed in intestinal mucosal cells[6]. Vitamin D exerts its biological effect mainly by acting on VDR. Although the expression of VDR has been reported to be decreased in patients with UC, the association between VDR and disease activity is still controversial. Wada et al[32] found that VDR expression in UC was significantly lower than that in healthy controls. An additional study also showed that the expression of VDR in the colonic mucosa of UC patients was attenuated but not associated with disease duration and disease activity[33]. A negative correlation between VDR expression and disease activity was observed, but there was no significant variation in different intestinal segments in UC[13]. Our results showed that the expression of VDR in patients with UC significantly decreased in comparison with healthy controls. However, the role of VDR in the pathogenesis of IBD remains unclear. Of note, we found that the expression of VDR was negatively correlated with disease activity, and was higher in UC normal than in UC diseased lesions. In addition, the level of serum vitamin D was positively correlated with VDR. These results suggested that patients with active UC might have local intestinal VDR deficiency, resulting in intestinal inflammation, or reduced expression of VDR may be due to UC progression. VDR is believed to be a protective factor for UC.
In recent years, Jmjd3 has been found to play an important role in inflammation. Increased Jmjd3 can demethylate the repressive H3K27me3 epigenetic mark in pro-inflammatory genes and induced inflammatory responses[34,35]. Previous research indicated that Jmjd3 could be induced by NF-κB in response to lipopolysaccharide or other inflammatory stimuli in macrophages[36]. Jmjd3 knockdown can suppress the expression of inflammatory genes regulated by NF-κB[37]. In addition, STAT1 and STAT3 can facilitate inflammatory responses by promoting the expression of Jmjd3 in microglia[38]. A recent study indicated that blockage of Jmjd3 inhibited Nrf2 expression by increasing the enrichment of H3K27me3 on promotors of Nrf2, which disrupted nucleotide-binding domain-like receptors family pyrin domain-containing 3 inflammasome assembly and ameliorated the severity of dextran sulfate sodium-induced acute colitis in mice[18]. These studies suggest the potential role of Jmjd3 in pro-inflammatory responses and colitis through specific demethylation of H3K27me3. Interestingly, VDR was found to negatively regulate bacteria-stimulated NF-κB activity in the intestine[39]. Activating the vitamin D pathway could inhibit the activation of STAT1 and STAT3 and the production of inflammatory cytokines[21]. Therefore, the expression of Jmjd3 may be related to disease activity in patients with UC. The association between VDR and the Jmjd3 pathway in clinical patients with UC requires further investigation. 
The association of Jmjd3 and H3K27me3 with disease activity in UC patients has not been elucidated. The relationship between VDR and Jmjd3 in the colonic mucosa of UC patients is still unknown. In this context, the relationship between VDR and Jmjd3 was examined in the present study. We found that Jmjd3 was significantly lower in healthy controls than in UC patients, while H3K27me3 was decreased in UC patients. However, there was no correlation between the expression of Jmjd3 and H3K27me3 and disease activity. Jmjd3 and H3K27me3 expression was not significantly different between UC diseased and UC normal. Furthermore, the levels of VDR and H3K27me3 in intestinal mucosa were inversely correlated with Jmjd3. In summary, Jmjd3 and H3K27me3 may be related to the occurrence of UC but not to disease activity. The expression of Jmjd3 and H3K27me3 may be affected by VDR. However, further research on the relationship between VDR and the Jmjd3 pathway is necessary.
The purpose of this study was to investigate the relationship between VDR, Jmjd3 and H3K27me3. However, there are several limitations in the present study. Firstly, although all patients were local residents, confounders such as season, current therapy and sunlight time affect the level of serum vitamin D. In addition, due to the limitation of sample size, VDR, Jmjd3 and H3K27me3 were measured only by immunohistochemistry, which may not be sufficient to provide a strong causality. 

CONCLUSION
[bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK16][bookmark: OLE_LINK17]Vitamin D level and VDR expression decreased in active ulcerative colitis, and the patients with UC were found to have increased expression of Jmjd3 and decreased expression of H3K27me3. The results strongly suggest a negative correlation of vitamin D and VDR with UC in which both Jmjd3 and H3K27me3 are involved. 

ARTICLE HIGHLIGHTS
Research background
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]Vitamin D has been proved to be associated with the pathogenesis of ulcerative colitis (UC) due to its role in regulating immunity. Increased Jumonji domain-containing 3 (Jmjd3) can aggravate colitis in mice by demethylating repressive trimethylated H3 lysine 27 (H3K27me3). However, it is unknown whether Jmjd3 and H3K27me3 are associated with the pathogenesis of UC, and the association between vitamin D receptor (VDR) and the Jmjd3 pathway remains unclear.

Research motivation
[bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK79]There is limited evidence on the influence of vitamin D on disease activity in Chinese patients with active UC. The expression of Jmjd3 and H3K27me3 in the intestinal mucosa of patients with UC has not been studied. Research on the relationship between VDR and the Jmjd3 is helpful to understand the possible pathogenesis of UC. 

Research objectives
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK80]To investigate the expression of serum vitamin D, VDR, Jmjd3 and H3K27me3 in UC patients and controls, and to determine the correlation between VDR and the Jmjd3 pathway.

Research methods
[bookmark: OLE_LINK81][bookmark: OLE_LINK82]In this study, 100 patients with active UC and 56 healthy controls were enrolled. Serum C-reactive protein and alkaline phosphatase levels were determined by immunoturbidimetry. White blood cell and hemoglobin were detected using a Sysmex XN-9000 automatic hematology analyzer. The content of serum vitamin D was determined by radioimmunoassay. The expression of VDR, Jmjd3 and H3K27me3 in intestinal mucosa was detected by immunohistochemistry.

Research results
[bookmark: OLE_LINK83][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Patients with active UC had lower levels of vitamin D than controls. Serum vitamin D level was negatively correlated with disease activity in the UC cohort. VDR expression in the mucosa of UC patients was reduced compared with normal tissues and negatively correlated with disease activity. Simultaneously, Jmjd3 expression increased, while H3K27me3 decreased in UC patients. The Jmjd3 level was negatively correlated with the level of VDR and H3K27me3, while the VDR level was positively correlated with H3K27me3 in all subjects. 

Research conclusions
[bookmark: OLE_LINK84][bookmark: OLE_LINK85]This report outlines an inverse correlation of vitamin D and VDR with disease activity in active UC patients in which both Jmjd3 and H3K27me3 are presumedly participated.

Research perspectives
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]More quantitative measures will be performed for detecting VDR, Jmjd3 and H3K27me3 in UC patients. Clinical trials of vitamin D supplementation should be carried out, which will contribute to a better understanding of the effect of vitamin D on UC.
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Figure Legends
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[bookmark: OLE_LINK92]Figure 1 Study overview. ALP: Alkaline phosphatase; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; H3K27me3: Trimethylated H3 lysine 27; HGB: Hemoglobin; Jmjd3: Jumonji domain-containing 3; UC: Ulcerative colitis; VDR: Vitamin D receptor. 
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[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Figure 2 Vitamin D status in healthy controls and ulcerative colitis patients and its relationship with disease activity, age and duration of disease. A: Serum levels of vitamin D in control and ulcerative colitis (UC) patients (control: 56; UC 100; mild activity: 29; moderate activity: 32; severe activity: 39); B: Serum vitamin D levels in smokers (13.5 ± 2.7 ng/mL, n = 40) and non-smokers (13. 8 ± 2.9 ng/mL, n = 60); C: Serum vitamin D levels in patients receiving steroids (13.3 ± 3.3 ng/mL, n = 31) and non-steroids (13.8 ± 2.6 ng/mL, n = 69); D: Correlation between vitamin D level and the Mayo score in patients with UC; E: Correlation between vitamin D level and age in patients with UC; F: Correlation between vitamin D level and duration of disease in patients with UC. bP < 0.01 and cP < 0.001.
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Figure 3 Correlation between vitamin D level and C-reactive protein, erythrocyte sedimentation rate, hemoglobin and alkaline phosphatase. A: Correlation between vitamin D level and C-reactive protein; B: Correlation between vitamin D level and erythrocyte sedimentation rate; C: Correlation between vitamin D level and hemoglobin; D: Correlation between vitamin D level and alkaline phosphatase; E: Correlation between hemoglobin and the Mayo score; and F: Correlation between alkaline phosphatase and the Mayo score. ALP: Alkaline phosphatase; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; HGB: Hemoglobin.
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Figure 4 Vitamin D receptor and trimethylated H3 lysine 27 expression significantly decreased and Jumonji domain-containing 3 increased in the inflamed mucosa of ulcerative colitis patients. A: Vitamin D receptor was determined by immunostaining for control mucosa (a), for ulcerative colitis (UC) normal (b), and for UC diseased (c). Jumonji domain-containing 3 was determined by immunostaining for control mucosa (d), for UC normal (e) and for UC diseased (f). Trimethylated H3 lysine 27 was determined by immunostaining for control mucosa (g), for UC normal (h), and for UC diseased (i); B: The mean optical density of vitamin D receptor staining in colonic mucosal specimens from controls (n = 22) and UC (n = 56), including UC with mild activity (n = 16), moderate activity (n = 27) and severe activity (n = 13) and UC normal (n = 18) and UC diseased (n = 18); C: The mean optical density of Jumonji domain-containing 3 staining; D: The mean optical density of trimethylated H3 lysine 27 staining. Data, mean ± standard deviation. Original magnification, ´400. Scale bars = 50 μm. aP < 0.05 and cP < 0.001. H3K27me3: Trimethylated H3 lysine 27; Jmjd3: Jumonji domain-containing 3; UC: Ulcerative colitis; VDR: Vitamin D receptor.
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Figure 5 Vitamin D receptor expression was negatively correlated with Jumonji domain-containing 3 and positively correlated with trimethylated H3 lysine 27 Levels. A: Correlation between vitamin D level and vitamin D receptor (VDR); B Correlation between the Mayo score and VDR; C: Correlation between VDR and Jumonji domain-containing 3; D: Correlation between VDR and trimethylated H3 lysine 27; and E: Correlation between trimethylated H3 lysine 27 and Jumonji domain-containing 3 H3K27me3: Trimethylated H3 lysine 27; Jmjd3: Jumonji domain-containing 3; VDR: Vitamin D receptor.
Table 1 Demographic characteristics of ulcerative colitis patients and controls
	Variable
	UC patients, n = 100
	HC, n = 56
	P value

	Age [mean (SD), yr]
	45.5 (14.2)
	45.8 (10.0)
	0.8731

	Sex (female: male)
	57:43
	32:24
	0.9862

	Smoker, n (%)
	45 (45.0) 
	21 (37.5)
	0.3632

	BMI [mean (SD), kg/m2]
	21.2 (3.4)
	20.4 (2.1)
	0.1011

	25 (OH) D [mean (SD), nmol/L]
	13.7 (2.8)
	16.2 (2.5)
	< 0.0011

	Disease Location, n (%)
	
	
	

	 Ulcerative proctitis (E1)
	8 (8.0)
	-
	-

	 Left-sided colitis (E2)
	54 (54.0)
	-
	-

	 Extensive colitis (E3)
	38 (38.0)
	-
	-

	Severity of UC, n (%)
	
	
	

	Mild
	29 (29.0)
	-
	-

	Moderate
	32 (32.0)
	-
	-

	Severe
	39 (39.0)
	-
	-

	Current medications, n (%)
	
	
	

	 SASP/5-ASA
	80 (80.0)
	-
	-

	Immunosuppressants
	2 (2.0)
	-
	-

	Steroids
	31 (31.0)
	-
	-

	Biologics
	4 (4.0)
	-
	-

	Others
	22 (22.0)
	-
	-

	Duration of disease mean (SD), yr
	5.4 (6.0)
	-
	-


1Independent sample t tests.
2χ2 test. 5-ASA: 5-Aminosalicylic acid; SASP: Sulfasalazine; SD: Standard deviation; UC: Ulcerative colitis.



Table 2 Laboratory indexes characteristics of ulcerative colitis patients with different disease activity
	Indexes
	Mild activity, n = 29
	Moderate activity, n = 32
	Severe activity, n = 39

	Serum vitamin D (ng/mL)
	14.8 ± 2.4
	14.2 ± 2.4
	11.7 ± 3.1

	WBC (109/L)
	6.90 (4.53-12.81)
	7.13 (0.32-6.02)
	7.13 (3.28-17.59)

	CRP (mg/L)
	1.51 (0.38-66.23)
	9.90 (0.30-168.78)
	70.67 (1.44-190.07)

	ESR (mm/h)
	8 (3-34)
	23 (3-95)
	41 (7-127)

	ALP (U/L)
	81 (49-140)
	85 (40-602)
	77.50 (53-109)

	PLT (109/L)
	222 (113-363)
	260 (130-518)
	286 (125-500)

	HGB (g/L)
	137 (74-155)
	115 (59-164)
	115 (55-149)

	ALB (g/L)
	42.11 ± 4.97
	37.25 ± 6.13
	31.31 ± 4.79

	Ca (mmol/L)
	2.31 (1.01-2.63)
	2.23 (1.67-2.49)
	2.06 (1.82-2.31)

	P (mmol/L)
	1.12 ± 0.20
	1.17 ± 0.21
	1.11 ± 0.27

	Mayo score
	5 (3-5)
	8 (6-10)
	11.5 (11.0-12.0)


Values are given as the mean ± SD if they follow a normal distribution, otherwise given as medians (minimum and maximum). ALB: Albumin; ALP: Alkaline phosphatase; Ca: Calcium; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; HGB: Hemoglobin; P: Phosphorus; PLT: Platelet; UC: Ulcerative colitis.
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