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Abstract
BACKGROUND

Conventional Crohn’s disease (CD) treatments are supportive rather than curative and have serious side effects. Adipose-derived mesenchymal stem cells (ADSCs) have been gradually applied to treat various diseases. The therapeutic effect and underlying mechanism of ADSCs on CD are still not clear. 
AIM

To investigate the effect of ADSC administration on CD and explore the potential mechanisms.

METHODS

Wistar rats were administered with 2,4,6-trinitrobenzene sulfonic acid (TNBS) to establish a rat model of CD, followed by tail injections of green fluorescent protein (GFP)-modified ADSCs. Flow cytometry, qRT-PCR, and Western blot were used to detect changes in the Wnt signaling pathway, T cell subtypes, and their related cytokines.
RESULTS

The isolated cells showed the characteristics of ADSCs, including spindle-shaped morphology, high expression of CD29, CD44, and CD90, low expression of CD34 and CD45, and osteogenic/adipogenic ability. ADSC therapy markedly reduced disease activity index and ameliorated colitis severity in the TNBS-induced rat model of CD. Furthermore, serum anti-sacchromyces cerevisiae antibody and p-anti-neutrophil cytoplasmic antibody levels were significantly reduced in ADSC-treated rats. Mechanistically, the GFP-ADSCs were colocalized with intestinal epithelial cells (IECs) in the CD rat model. GFP-ADSC delivery significantly antagonized TNBS-induced increased canonical Wnt pathway expression, decreased noncanonical Wnt signaling pathway expression, and increased apoptosis rates and protein level of cleaved caspase-3 in rats. In addition, ADSCs attenuated TNBS-induced abnormal inflammatory cytokine production, disturbed T cell subtypes, and their related markers in rats.
CONCLUSION

Successfully isolated ADSCs show therapeutic effects in CD by regulating IEC proliferation, the Wnt signaling pathway, and T cell immunity.
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Core tip: The prevalence and mortality of Crohn’s disease (CD) have been increasing globally, including in areas of Asia that previously had a low incidence. We aimed to investigate the effect and explore potential mechanisms of adipose-derived mesenchymal stem cells (ADSCs) in a 2,4,6-trinitrobenzene sulfonic acid-induced rat model of CD. Our study for the first time provided evidence that successfully isolated ADSCs show therapeutic effects in CD by regulating intestinal epithelial cell proliferation, the Wnt signaling pathway, and T cell immunity.

INTRODUCTION

Crohn’s disease (CD), a major subtype of inflammatory bowel disease (IBD), is a chronic inflammatory disorder of the gastrointestinal tract. Patients with CD exhibit diverse symptoms and lesions ranging from abdominal pain, diarrhea, hematochezia, ulceration, and perforation of the gastrointestinal tract1[]
. The prevalence and mortality of CD have been increasing globally, including in areas of Asia that previously had a low incidence2[]
. Conventional CD treatments consist of aminosalicylates, corticosteroids, antitumor necrosis factor agents, and immunomodulators3[]
. Although the majority of patients benefit from these treatments, the treatments are supportive rather than curative and have serious side effects.
Mesenchymal stem cells (MSCs) are progenitor cells with self-renewal abilities, multiple-lineage differentiation potential, rapid growth, and immunomodulatory capabilities4[]
. MSCs can be isolated from many tissues, including bone marrow (BM-MSC) and adipose tissue (ADSC). MSCs have been gradually applied to treat various diseases, mainly by transplantation to repair pathological cells and reconstruct normal cells5[]
. The application of MSCs in treating IBD has become a hot research topic, but the underlying mechanisms are still vague
 ADDIN EN.CITE 
[6]
. The Wnt signaling (canonical and noncanonical) pathway is a major pathway in stem cell proliferation and differentiation7[]
. The canonical Wnt pathway is activated by the binding of Wnt3a to the frizzled receptor (Fz) and its coreceptor complex8[]
. This leads to stabilization of β-catenin, which translocates to the nucleus and interacts with T cell factor/lymphoid enhancer factor
 ADDIN EN.CITE 
[9]
, further stimulating intestinal crypt cell proliferation and maintaining a stem cell state
 ADDIN EN.CITE 
[10]
. Noncanonical signaling is activated by Wnt5a and is implicated in the establishment of cell polarity and migration, inflammation, and cancer development. Ror2 acts as a receptor or coreceptor for Wnt5a and regulates Wnt5a-induced activation of planar cell polarity and Wnt-Ca2+ pathways, playing an important role in the maintenance of stemness
 ADDIN EN.CITE 
[11]
. A previous study showed the activation of Wnt3a in IBD rats, suggesting the potential involvement of the canonical Wnt pathway in CD
 ADDIN EN.CITE 
[12]
. However, the mechanisms of the noncanonical Wnt pathway in CD remain unclear and require further investigation.
Disturbances in the immune system also play an important role in the pathogenesis of CD. T cells play central roles in immune regulation and can be divided into T helper type 1 (Th1), Th2, Th17, and regulatory T (Treg) cells according to their different functions13[]
. Previous studies showed that T cells are important mediators of the inflammatory response in CD14[]
, and the proportions of Th1 and Th17 cells was higher, while that of Treg cells was lower in CD patients compared to healthy controls. Moreover, patients with lower Treg/Th1 and Treg/Th17 ratios suffer a higher risk of CD recurrence, while Treg restoration prevented colitis in a mouse CD model
 ADDIN EN.CITE 
[15]
. These findings suggest that the imbalance in T cell subgroups is related to the activation and progression of CD. Since ADSCs have been shown to treat systemic lupus erythematosus by increasing the number of Treg cells and reducing Th17 cells
 ADDIN EN.CITE 
[16]
, it is plausible that its therapeutic effect on CD may be through regulating T cell immunity. In addition to the Wnt pathway and T cell immunity, intestinal cell regeneration is also vital in CD progression, mainly by accelerating mucosal healing
 ADDIN EN.CITE 
[17]
. However, whether the therapeutic effect of ADSCs on CD occurs by influencing intestinal cell regeneration has not been reported.

The trinitrobenzene sulfonic acid (TNBS)-induced rat colitis model is one of the most commonly used experimental CD models18[]
. Therefore, in this study, we explored the therapeutic effect of ADSCs by tail administration in a TNBS-induced rat CD model. We then traced the location of injected ADSCs to study its roles in repairing damaged intestinal epithelium, involving Wnt signaling pathways and T cell balance.
MATERIALS AND METHODS

Ethics

This study was carried out in accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. The animal protocol was approved by the institutional review board of the First Affiliated Hospital of Zhejiang University and adhered to the standards articulated in animal research.

Isolation, culture, identification, and evaluation of ADSCs from inguinal fat

Inguinal fat, one of the major sources of MSCs, was obtained aseptically from rats and digested with collagenase type I in Dulbecco’s modified Eagle’s medium at 37 °C for 45 min. Cell suspensions were sequentially filtered, centrifuged, resuspended, and cultured in DMEM-F12 medium [supplemented with 10% fetal bovine serum (FBS), 20 ng/μL transforming growth factor, and 1% penicillin/streptomycin] at 37 °C with 5% CO2. When the adherent cells reached 80% to 90% confluence, the replication-defective recombinant lentiviral vector carrying green fluorescent protein (GFP) (LT88008, Vigene Biosciences) was added and cultured for 72 h, followed by phosphate buffered saline (PBS) washing and trypsinization. The final third-passage cells were used to evaluate the ADSC phenotype. The immunophenotyping of ADSCs was analyzed by flow cytometry. Thereafter, cell counting kit-8 was used to measure the number of live cells at days 0, 2, 4, 6, 8, and 10. ADSCs were separately cultured with osteogenic-inducing medium and adipogenic-inducing medium for 14 d. To assess the osteogenic capacity, alkaline phosphatase (ALP) activity was measured using an ELISA kit (C059-1, Nanjing Jiancheng, China) by detecting the absorbance at 520 nm. To assess the adipogenic capacity, routine red O staining was performed, and the dyed ADSCs were observed under a microscope.
CD model establishment in rats by TNBS administration and the effect of ADSC injection

Thirty male Wistar rats (150-200 g) aged 6 wk (Cavens Lab Animal, Suzhou, China) were randomly divided into three groups (n = 8 for each): Control, CD, and CD + GFP-ADSCs. All rats received food and water ad libitum and were maintained on a 12/12 h light/dark cycle. After 1 wk, rats in the CD and CD + GFP-ADSCs groups were administered with 1.0 mL of 20 mg TNBS in a 50% ethanol solution following a 24 h fast. Enemas were performed by inserting an 8 cm soft tube into the rat’s anus under inhalation anesthesia with 3% sodium phenobarbital. In the control group, the rats underwent with the same procedure and were administered with an equivalent amount of physiological saline. Subsequently, on day 8, the GFP-ADSCs were injected via the tail vein at a dose of 1 × 107 cells in 0.3 mL of PBS into the rats in the CD + GFP-ADSCs group. In the control and CD groups, the rats received 0.3 mL of PBS without ADSCs following the same protocol. 
The body weight, stool consistency, and rectal bleeding of each rat were recorded on day 7 after model establishment and days 7, 14, 21, and 28 after ADSC treatment. A well-known formula to determine the serial disease activity index (DAI), ranging from 0 to 12, including aspects of weight loss, stool characteristics, and bloody stool, was used to assess the clinical severity of colitis. On day 28, all rats were sacrificed, and blood and tissue samples were collected. The colon was retrieved to observe morphological changes. A 0.5 cm length of colonic tissue from the area 6 cm above the anus was collected for hematoxylin and eosin (HE) staining, followed by Lgr5/CK-20 immunofluorescence detection by confocal microscopy, apoptosis analysis by the TUNEL method, and Western blot/qRT-PCR analysis for Wnt pathway/T cell immunity-related proteins and mRNA. Finally, the serum anti-sacchromyces cerevisiae antibody (ASCA) and p-antineutrophil cytoplasmic antibody (p-ANCA) levels were measured with ELISA kits (CK-EN34476, CK-EN35015, Yuanye Co. Ltd, Shanghai, China). 
Tracing GFP-ADSC distribution and TUNEL assay

To test the effect of ADSCs on colonic epithelial cell regeneration, ADSCs were transfected with a lentiviral vector containing green fluorescent protein (LV-GFP). After 28 d of GFP-ADSC treatment, the rats were sacrificed, and the heart, liver, spleen, lung, kidney, and colon tissues were collected to detect the GFP-positive cell expression pattern throughout the body by fluorescence confocal microscopy. The colon section was additionally stained with antibodies against GFP, CD20, and Lgr5, followed by visualization using FITC-conjugated secondary antibodies under a confocal microscope. The number of positive cells was calculated and compared between different groups. For apoptosis analysis of the intestinal cells, colon tissue specimens were embedded in paraffin and sectioned at 5 μm for processing by the TUNEL method (Roche, Shanghai, China). The apoptotic cells were dyed and observed under an Olympus microscope. Ten visual fields were selected, 100 cells within each field were counted, and the following formula was applied: Apoptosis index = (apoptosis cell/total cell) × 100%
 ADDIN EN.CITE 
[19]
.

Analysis of T cell subtypes in peripheral blood by flow cytometry

Blood samples were collected in sterile vacutainer tubes containing heparin (100 U/mL). Peripheral blood mononuclear cells (PBMCs) were isolated by sequential centrifugation and suspended in RPMI-1640 with 10% FBS, followed by incubation at 37 °C in a 5% CO2 incubator for 2-3 h. PBMCs with a viability greater than 95% as determined by the trypan blue dyeing method were chosen for further experiments. For Th1, Th2, and Th17 cell analysis, 200 mL of PBMC (1 × 107/mL) suspension was added with phorbol ester (50 ng/mL), ionomycin (1 μg/mL), and monensin (2 μmol/L) and incubated in a 5% CO2 incubator for 6 h. After triple washing with PBS, the resuspended PBMC suspension was separately added with CD4 monoclonal antibody and IFN-γ/IL-4/IL-17 monoclonal antibody. The mixture was cultured at 4 °C for 30 min and analyzed by flow cytometry. For Treg cell analysis, the same amount of PBMC suspension was stained at 4 °C for 30 min with CD4 and CD25 monoclonal antibodies. Thereafter, 10 µL of Foxp3 monoclonal antibody was added and cultured for an additional 20 min, followed by flow cytometry analysis.

Western blot and qRT-PCR

The transcription factor Foxp3 is a marker of Treg cells, GATA3 is a marker of T helper cells, RORγt is a transcription factor that is specific for Th17 lineage commitment, and T-bet is a biomarker for Th1 cells13


[ ADDIN EN.CITE ,20]
. They were used as supplementary markers for different T cell types and routinely quantified by Western blot using an ECL chemiluminescence kit (Santa Cruz, United States). The levels of Wnt pathway/T cell immunity-related mRNA were detected by qRT-PCR. Total RNA was extracted from colon tissues with TRIzol reagent, and the concentration and quality were assessed. The RNA was then reverse-transcribed using a FastQuant RT kit according to the manufacturer’s protocol. qRT-PCR was conducted using SYBR Green SuperReal PreMix Plus and a 7500 Real-time PCR system. Gene expression levels were determined using the comparative threshold cycle (ΔΔCt) method. β-actin was used as an internal control for both Western blot and qRT-PCR. The detailed primer sequences for qRT-PCR are shown in Supplementary Table 1. 

Statistics analysis

Statistical analyses were performed by using Statistical Package for the Social Sciences version 16.0. The data are presented as the mean ± standard deviation when they were normally distributed or as medians when the distribution was skewed. Unpaired t-test and Mann-Whitney U test for parametric and nonparametric analyses were used for comparisons between two groups. The Kruskal-Wallis test was used for comparisons among three groups. A P value < 0.05 was considered statistically significant.
RESULTS

Isolation and characterization of ADSCs
The isolated cells were evaluated based on morphology, molecular biomarkers, and stemness. As shown in Figure 1A, cells extracted from groin fat exhibited the characteristics of ADSCs, including spindle-shaped morphology and whirlpool/radial-arranged growth. The lentivirus-mediated construction of GFP-ADSCs was confirmed by green fluorescence detection. Flow cytometry showed that these cells had the typical marker pattern of ADSCs, including high expression of CD29, CD44, and CD90 but low levels of CD34 and CD45 (Figure 1B). The quality of the isolated cells was good, evidenced by a typical S-like proliferation curve (Figure 1C). The stemness of the isolated cells was evaluated by osteogenic and adipogenic induction. After osteogenic induction, ADSCs and GFP-ADSCs showed significantly higher ALP activity compared with that of controls (Figure 1D). After adipogenic induction, lipid droplets were observed in the cytoplasm of ADSCs and GFP-ADSCs, as shown by a brick-red color change after staining with Oil red O (Figure 1E). Taken together, these data suggested that these isolated cells presented a typical phenotype of ADSCs.
ADSCs alleviate TNBS-induced experimental colitis in rats
The therapeutic effect of ADSCs was evaluated in rats with TNBS-induced experimental colitis. To assess the severity of colitis, DAI and body weight changes were recorded every 7 d. The DAI was significantly increased, while the body weight was significantly decreased after TNBS administration, and ADSC therapy significantly reduced DAI in a time-dependent manner (Figure 2A). Although there was self-alleviation of DAI in the CD group after withdrawal of TNBS, a significantly lower DAI was observed in the CD + GFP-ADSCs group starting 7 d after TNBS delivery compared with that of the CD group. On day 28, the rat weight in the CD + GFP-ADSCs group became significantly higher than that in the CD group (Supplementary Table 2).
The colon length was significantly shorter in the CD group than in the control group, which partially recovered after ADSC therapy, although this difference was not statistically significant (Figure 2B). The intestinal ulceration and inflammation severity were further evaluated by HE staining. As illustrated in Figure 2C, the colon tissue structure of control rats was clear, the mucosa was complete, and the intestinal glands in the lamina propria were rich and closely arranged; in the CD group, the arrangement of intestinal glands was disordered, the mucosa was damaged, and there were a large number of infiltrated inflammatory cells; after ADSC treatment, the damaged mucosa and the disordered intestinal glands in the lamina propria were improved. Furthermore, we found a significant reduction in plasma ASCA and p-ANCA concentrations in GFP-ADSC-treated rats (Figure 2D).
ADSC therapy stimulates colonic epithelial proliferation in rats with TNBS-induced colitis

The distribution of ADSCs was detected by adding GFP to ADSCs and observed by using fluorescence confocal microscopy. GFP fluorescence was detected in the spleen, lung, and colon of the CD + GFP-ADSCs group, and the density was relatively higher in the colon. In contrast, GFP fluorescence was not observed in the heart, liver, and kidney (Figure 3A). CK-20 is a biomarker for intestinal epithelial cells (IECs) and is indicative of mucosal healing and proliferation. As shown in Figure 3B, more CK-20-positive cells were present in the bottom of the crypts in the ADSC-treated group than in the CD group, indicating an accelerated mucosal healing process. GFP green fluorescence merged images supported the specific proximity between epithelial cells and ADSCs, suggesting potential interplay. On the other hand, the typical biomarker of intestinal stem cells (ISCs), Lgr5, was weakly detected in the control and CD groups. The coexpression of GFP and Lgr5 was not observed in the CD + GFP-ADSCs group, indicating that ADSCs had no direct effect on ISCs (Figure 3C).
ADSC therapy activates the noncanonical Wnt signaling pathway and reduces cell apoptosis in rats with TNBS-induced colitis

Expression of the Wnt signaling pathway was evaluated by qRT-PCR. The expression levels of Wnt3a, Fzd3, and β-catenin were significantly increased in the CD group compared with the control group, while GFP-ADSC treatment significantly antagonized such changes (Figure 4A). The expression levels of Wnt5a, Fzd5, and Ror2 were significantly decreased in the CD group compared with the control group, and GFP-ADSC delivery also antagonized such changes (Figure 4B). The apoptosis rate in colon tissue was assessed by a TUNEL assay (Figure 4C). Semiquantitative analysis showed that the number of TdT-positive cells was significantly increased in the rats administered with TNBS compared with the control group. GFP-ADSC administration significantly antagonized such change. Although the caspase-3 level was similar in the control, CD, and GFP-ADSC groups, Western blot analysis showed that the cleaved caspase-3 level was significantly increased in the CD group, and was significantly decreased in the GFP-ADSCs group compared with that in the CD group (Figure 4D).
ADSCs ameliorate abnormal inflammatory cytokine production and disturbed T cell subtypes in rats with TNBS-induced colitis
We investigated whether GFP-ADSC administration influences the production of inflammatory cytokines involved in intestinal inflammation. We observed an obvious increase in the expression of proinflammatory cytokine (IFN-γ, IL-2, IL-17, and IL-23) and a decrease in the expression of anti-inflammatory cytokine (IL-4, IL-13, IL-10, and TGF-β) in CD, which were further ameliorated after GFP-ADSC treatment (Figure 5A). Western blot analysis demonstrated that after TNBS delivery, the expression of Foxp3 and GATA3 was significantly decreased in the CD group, while the levels of RORγ and T-bet were significantly increased (Figure 5B). These changes were antagonized in the CD + GFP-ADSCs group. Th1/Th2/Th17/Treg subtype changes were detected by flow cytometry (Figure 6). We found that Th1/Th17 percentages were significantly increased and Th2/Treg percentage was markedly reduced in the CD group compared with the normal group. Finally, the administration of ADSCs significantly antagonized these changes.
DISCUSSION

MSCs were first identified as a marrow-derived clonal source of cells in the 1960s21[]
. Despite different sources, MSCs have common features and behavioral traits, which not only provide cells for tissue reconstitution but also regulate inflammation and “educate” other cells to facilitate tissue repair22[]
. Accumulating evidence suggests a therapeutic effect of MSCs in IBD
 ADDIN EN.CITE 
[23,24]
 and ADSCs have been widely used because of their easy acquisition. In 2005, the first phase I clinical trial showed that 75% of fistulas were healed by ADSC therapy without any side effects
 ADDIN EN.CITE 
[25]
, which opened the window to ADSC therapy for CD. Further studies showed that ADSC injection modulated the abnormal immune response in CD patients, resulting in clinical improvement
 ADDIN EN.CITE 
[26]
. However, the underlying mechanisms of ADSCs in CD are still vague. In this study, we demonstrated that ADSC administration alleviates TNBS-induced colitis by accelerating IEC regeneration, partially restoring the dysregulated Wnt signaling pathway and rebalancing T cell repertoire, which reinforces the effectiveness of ADSC therapy in CD and provides novel clues for further mechanism exploration.
Mucosal healing is associated with a more favorable prognosis for CD. Previous studies showed the therapeutic effects of ISCs in improving mucosal healing and functional engraftment of the derived colon epithelial cells after successful transplantation
 ADDIN EN.CITE 
[27,28]
. However, a lack of immunoregulation capacity may hamper further application of ISCs, especially compared with that of MSCs. Moreover, accumulating evidences suggest that systemically transplanted BM-MSCs may home to the injured gut and transdifferentiate into ISCs or interstitial lineage cells to repair the damaged tissue
 ADDIN EN.CITE 
[29]
. A recent study showed that intraperitoneally administered MSCs homing to inflamed tissues were a prerequisite to achieve their beneficial effect
 ADDIN EN.CITE 
[30]
. However, the effects of ADSC administration on CD and the mechanisms of mucosal healing have rarely been reported. Our results not only showed the therapeutic effect of ADSCs on the CD phenotype in TNBS-induced rats but also demonstrated that ADSCs engrafted into damaged colon and colocalized with IECs but not ISCs, partially clarifying the mechanisms of ADSCs in mucosal healing. This result enhances previous findings showing the therapeutic effect of local MSC administration in experimental colitis31[]
.
The Wnt signaling pathway was chosen as the candidate because of its capacity to regulate the self-renewal and differentiation of MSCs and to determine the fates of ISCs
 ADDIN EN.CITE 
[32,33]
. Therefore, this pathway acts as a bridge between MSCs and receptors. Previous studies showed activated canonical and suppressed noncanonical Wnt signaling in IBD
 ADDIN EN.CITE 
[34]
. In this study, when the intestinal epithelium was inflamed, canonical Wnt signaling was activated. After ADSC transplantation, the canonical Wnt signaling-related genes were downregulated. For the noncanonical Wnt pathway, the levels of relative genes were significantly decreased in the CD group but partially recovered after ADSC administration. Since the canonical Wnt pathway enhances MSC proliferation and the noncanonical Wnt pathway exerts the opposite effects, we speculated that the noncanonical Wnt pathway activated by ADSC transplantation may contribute to the transition of cell status from “proliferation” into “differentiation”
 ADDIN EN.CITE 
[35]
.
Disturbed T cell immunity and changes in its associated cytokine network are actively involved in IBD36[]
. It has been well accepted that the predominant inflammatory profile in CD involves activated Th1/Th17 but depressed Th2/Treg cell responses. In this study, we reconfirmed these findings in TNBS-induced rats with CD phenotype and further showed that the alleviation of colitis after ADSC administration was partially mediated by antagonizing those changes. Several molecular markers were selected, and the same trend was observed in the changes in T cell subtype. Our results were consistent with previous reports showing the contribution of T cells to the therapeutic effect of BM-MSCs on TNBS-induced colitis
 ADDIN EN.CITE 
[37]
. It is theoretically plausible that MSCs have the ability to suppress the proliferation and expansion of T helper cells while inducing the differentiation and activation of Treg cells, while the latter has the capacity to inhibit autoimmunity38[]
. Additionally, a previous study showed that apoptosis was exacerbated in CD39[]
, which was also found in our study by the TUNEL method and the expression level of active caspase-3.
There are several limitations that should be acknowledged. First, it is well known that ISCs are located at the base of the intestinal crypts and renew the epithelium through differentiation to multiple epithelial lineages40[]
. Although our results identified that ADSCs were colocalized with IECs but not ISCs, whether ADSCs could transdifferentiate into epithelial cells and the potential regulators are still unclear. Second, although we found a change in T cell immunity in CD and after ADSC treatment, the detailed mechanisms are still vague. Third, although we identified the change in the Wnt signaling pathway in CD and after ADSC therapy, further mechanism exploration has not been performed. Previous studies showed the effect of the Wnt signaling pathway on the balance between cell proliferation and its potential regulators41[]
. Whether these factors are applicable in ADSC therapy requires further study. Fourth, studies are required to understand the potential risks of ADSC treatment, such as tumorigenicity and immune rejection42[]
. Fifth, it may be not sufficient to use CK-20 as the marker of IECs and combination with Ki-67 should be considered in the future. Finally, the relationship between the Wnt signaling pathway and T cell distribution remains unclear. The mechanisms of ADSCs in modulating the interactions between them warrant further research.

In conclusion, our findings not only confirmed the biological characteristics of ADSCs, such as localization and multilineage differentiation potential, but also suggested the effect of ADSC therapy in treating CD phenotype in a TNBS-induced rat model. We further investigated the potential underlining mechanisms, involving IEC proliferation, the Wnt signaling pathway, and T cell immunity, which provided novel clues for the pathogenesis and treatment of CD (Figure 7).
ARTICLE HIGHLIGHTS

Research background

Crohn’s disease (CD) is a chronic relapsing inflammatory disorder of the gastrointestinal tract, especially involving the distal small intestine and the colonic mucosa. Conventional treatments are supportive rather than curative and have serious side effects.
Research motivation

Adipose-derived mesenchymal stem cells (ADSCs) have been gradually applied to treat various diseases. The therapeutic effect and underlying mechanism of ADSCs on CD are still not clear. 

Research objectives

This study aimed to investigate the effect of ADSC administration on CD and explore potential mechanisms on intestinal epithelial cell regeneration, Wnt signaling, and T cell immunity.

Research methods

Wistar rats were administered with 2,4,6-trinitrobenzene sulfonic acid (TNBS) to establish a rat model of CD, followed by tail injections of green fluorescent protein (GFP)-modified ADSCs. After tracing in vivo ADSC distribution, flow cytometry, qRT-PCR, and Western blot were used to detect changes in the Wnt signaling pathway, T cell subtypes, and their related cytokines.

Research results

The isolated cells showed the characteristics of ADSCs, including spindle-shaped morphology, high expression of CD29, CD44, and CD90, low expression of CD34 and CD45, and osteogenic/adipogenic ability. ADSC therapy markedly reduced disease activity index and ameliorated colitis severity in the TNBS-induced rat model of CD. Furthermore, serum anti-sacchromyces cerevisiae antibody and p-anti-neutrophil cytoplasmic antibody levels were significantly reduced in ADSC-treated rats. Mechanistically, the GFP-ADSCs were colocalized with intestinal epithelial cells in the CD rat model. GFP-ADSC delivery significantly antagonized TNBS-induced increased canonical Wnt pathway expression, decreased noncanonical Wnt signaling pathway expression, and increased apoptosis rates and protein level of cleaved caspase-3 in rats. In addition, ADSCs attenuated TNBS-induced abnormal inflammatory cytokine production, disturbed T cell subtypes, and their related markers in rats.

Research conclusions 

Successfully isolated ADSCs show co-location with IEC and therapeutic effects in CD by regulating IEC proliferation, the Wnt signaling pathway, and T cell immunity.

Research perspective

Systemic ADSC infusion may be a potential choice for CD therapy.
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Figure 1 Isolation, culture, and identification of adipose-derived mesenchymal stem cells. A: Well-grown adipose-derived mesenchymal stem cells (ADSCs) were observed under a microscope (scale bar: 100 μm), and stable expression of green fluorescent protein (GFP) was identified in GFP-ADSCs under a fluorescence microscope (scale bar: 100 μm); B: ADSC surface antigen analysis was carried out by flow cytometry. The characteristic surface biomarkers for ADSCs were confirmed, including CD29, CD44, and CD90 positivity and CD34 and CD45 negativity; C: ADSCs presented a typical S-like proliferation curve; D: Differentiation into osteocytes was confirmed by increased ALP. bP < 0.01 vs ADSCs + PBS, dP < 0.01 vs GFP-ADSCs + PBS; E: Differentiation into adipocytes was confirmed by the presence of lipid vesicles stained with oil red O (scale bar: 20 μm). ADSCs: Adipose-derived mesenchymal stem cells; GFP: Green fluorescent protein.
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Figure 2 Tail injection of adipose-derived mesenchymal stem cells in rats protects against TNBS-induced colitis. A: Disease activity index of respective groups from baseline. -1 d indicates the day before adipose-derived mesenchymal stem cell (ADSC) injection, 7 d, 14 d, 21 d, and 28 d represent  7 d, 14 d, 21 d, and 28 d after ADSC therapy, respectively; B: Gross morphology of colon tissue and colon length among the groups; C: Representative hematoxylin and eosin staining of colon tissue in the three groups (scale bar: 100 μm); D: Serum concentrations of anti-sacchromyces cerevisiae antibody and p-antineutrophil cytoplasmic antibody detected by ELISA. Data are presented as the mean ± SD. aP < 0.05, bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs CD group. ADSCs: Adipose-derived mesenchymal stem cells; CD: Crohn’s disease; GFP: Green fluorescent protein.
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Figure 3 Distribution of adipose-derived mesenchymal stem cells and their colocalization with intestinal stem cells and intestinal epithelial cells. A: Distribution of green fluorescent protein (GFP)-positive adipose-derived mesenchymal stem cells (ADSCs) was detected mostly in the inflamed colon (scale bar: 50 μm); B: Immunofluorescence analysis for GFP and CK-20 showed the colocalization between ADSCs and intestinal epithelial cells (scale bar: 50 μm); C: Immunofluorescence analysis for GFP and Lgr5 showed that there was no colocalization between ADSCs and intestinal stem cells (scale bar: 50 μm). ADSCs: adipose-derived mesenchymal stem cells; CD: Crohn’s disease; GFP: Green fluorescent protein.
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Figure 4 Effect and mechanism of adipose-derived mesenchymal stem cell administration in rats with TNBS-induced colitis. A: mRNA from colonic extracts was analyzed by qRT-PCR for the major molecules in the canonical Wnt signaling pathway: Wnt3a, Fz3, and β-catenin; B: mRNA from colonic extracts was analyzed by qRT-PCR for the major molecules in the noncanonical Wnt signaling pathway: Wnt5a, Fz5, and Ror2. Expression is presented as a ratio of cytokine/β-actin; C: Apoptosis of colonic cells was visualized by a TUNEL assay (scale bar: 20 μm), and semiquantitative analysis was performed; D: The expression of caspase-3 and cleaved-caspase 3 was evaluated by Western blot and compared among the control, CD, and GFP-ADSC therapy groups. Quantification is expressed as the fold induction. Data are presented as the mean ± SD. aP < 0.05, bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs CD group. ADSCs: Adipose-derived mesenchymal stem cells; CD: Crohn’s disease; GFP: Green fluorescent protein.
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Figure 5 Changes in inflammatory markers and T cell-secreted molecules. A: Total mRNA from colonic extracts was analyzed by qRT-PCR for inflammatory cytokines involved in colitis: IFN-γ, IL-2, IL-17, IL-23, IL-4, IL-13, IL-10, and TGF-β; B: Western blot analysis of Foxp3, GATA3, RORγ, and T-bet. Data are presented as the mean ± SD. bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs CD group. IFN-γ: Interferon-γ; IL-6: Interleukin-6; IL-17: Interleukin-17; IL-23: Interleukin-23; IL-4: Interleukin-4; IL-13: Interleukin-13; IL-10: Interleukin-10; TGF-β: Transforming growth factor. ADSCs: Adipose-derived mesenchymal stem cells; CD: Crohn’s disease; GFP: Green fluorescent protein. 
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Figure 6 Tail injection of adipose-derived mesenchymal stem cells corrects the T cell imbalance in TNBS-induced colitis. The administration of ADSCs suppressed the overproduction of Th1 and Th17 cells induced by trinitrobenzene sulfonic acid and upregulated the decline of Th2 and Treg cells, as shown by flow cytometry. A: Th1 expression; B: Th2 expression; C: Th17 expression; D: Treg expression. Data are presented as the mean ± SD. aP < 0.05, bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs CD group. ADSCs: Adipose-derived mesenchymal stem cells; GFP: CD: Crohn’s disease; Green fluorescent protein.

[image: image7]
Figure 7 Schematic diagram of the sequential steps and potential mechanism of adipose-derived mesenchymal stem cells in treating the Crohn’s disease phenotype. ADSC: Adipose-derived mesenchymal stem cell; GFP: Green fluorescent protein; TNBS: Trinitrobenzene sulfonic acid; IEC: intestinal epithelial cell.
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