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Abstract
Medical treatment has progressed significantly over the past decade towards achieving and maintaining clinical remission in patients with refractory ulcerative colitis (UC). Proposed mediators of inflammation in UC include pro-inflammatory cytokines such as tumor necrosis factor- (TNF-) and interleukin-2, and the cell-surface adhesive molecule integrin 47. Conventional therapeutics for active UC include 5-aminosalicylic acid, corticosteroids and purine analogues (azathioprine and 6-mercaptopurine). Patients who fail to respond to conventional therapy are treated with agents such as the calicineurin inhibitors cyclosporine and tacrolimus, the TNF- inhibitors infliximab or adalimumab, or a neutralizing antibody (vedolizumab) directed against integrin 47. These therapeutic agents are of benefit for patients with refractory UC, but are not universally effective. Our recent research on TNF- shedding demonstrated that inhibition of annexin (ANX) A2 may be a new therapeutic strategy for the prevention of TNF- shedding during inflammatory bowel disease (IBD) inflammation. In this review, we provide an overview of therapeutic treatments that are effective and currently available for UC patients, as well as some that are likely to be available in the near future. We also propose the potential of ANX A2 as a new molecular target for IBD treatment. 
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Core tip: The main goal of ulcerative colitis (UC) therapy is to induce and maintain long-term corticosteroid-free remission. Therapies such as anti-tumor necrosis factor (TNF)- and integrin 47 neutralizing antibodies have emerged in recent times, but are not universally efficacious; additional treatments are needed. We have recently demonstrated that annexin (ANX) A2 inhibition may be a new therapeutic strategy to prevent TNF- shedding during inflammatory bowel disease (IBD) inflammation. Here we focus on effective therapies for UC patients that are currently available, or will be in the near future, and the potential of ANX A2 as a new molecular target for IBD treatment.

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory dis​ease that affects the colonic mucosa and that is characterized by repeated periods of remission and deterioration[1]. Pharmacologic management of UC to achieve clinical remission, and improve the quality of life currently consists of 5-aminosalicylic acids (5-ASA)[2], corticosteroids[3], purine analogues [azathioprine (AZA) and 6-mercaptopurine (6-MP)][4], cytapheresis[5] [granulocyte and monocyte adsorptive apheresis (GMA) and leukocytapheresis (LCAP)], calcineurin inhibitors[6,7] [cyclosporine and tacrolimus (TAC)], and biologics including tumor necrosis factor (TNF)- inhibitors[8,9]. In particular, anti-TNF- antibodies such as infliximab (IFX)[8] and adalimumab (ADA)[9] can induce clinical remission in patients with refractory UC by inhibiting the activity of TNF-, a member of the TNF superfamily that mediates a series of immune responses. However, responses to anti-TNF- antibodies are often diminished during scheduled maintenance therapy; consequently, patients develop flare-ups[10]. Therefore, new the​rapeutic targets are needed for UC patients who no longer respond to these therapeutic agents. 

A disintegrin and metalloproteinase (ADAM)17, also known as TNF- converting enzyme (TACE)[11,12], is a key enzyme for the shedding of the membrane-anchored TNF- (proTNF-). We have recently demonstrated that annexin (ANX) A2 is involved in the shedding of proTNF- through ADAM17[13]. Inhibition of ANX A2 may be a new therapeutic strategy for the prevention of TNF- shedding during inflammatory bowel disease (IBD) inflammation.

The present review focuses on therapeutic treat​ments that are effective and currently available for UC patients, or will be in the near future, and the potential of ANX A2 as a new molecular target for IBD treatment. 

5-ASA

A systematic review and meta-analysis of the effect of 5-ASA on UC demonstrated that 5-ASA is highly effective for inducing remission in UC with a relative risk (RR) of failure to achieve remission of 0.79 (95%CI: 0.73-0.85; P = 0.009). This finding was based on analysis of data showing that remission of UC was not achieved in 887 (60.3%) of 1470 patients randomized to receive 5-ASA, compared with 494 (80.2%) of 616 patients allocated to placebo[14]. In addition, when remission was defined as endoscopic healing[15-19], 5-ASA was of benefit in inducing remission in active UC (RR = 0.76; 95%CI: 0.69-0.84). Moreover, a systematic review and meta-analysis that investigated the effect of high- or standard-dose 5-ASA (≥ 2 g) vs low-dose 5-ASA (< 2 g) on induction of remission demonstrated that doses of ≥ 2 g/d were more effective than doses of < 2 g/d for inducing remission with a RR of failure to achieve remission of 0.91 (95%CI: 0.85-0.98)[14]. This finding was based on data showing that 380 (58.7%) of 647 patients receiving high- or standard-dose 5-ASA failed to achieve remission, compared with 257 (69.8%) of 368 patients assigned to low-dose 5-ASA[18,20-26]. 

A systematic review and meta-analysis of the ef​ficacy of 5-ASA vs placebo in preventing relapse in quiescent UC demonstrated that 5-ASA is highly effective for preventing relapse in UC with a RR of relapse of 0.65 (95%CI: 0.55-0.76)[14]. This finding was based on data showing that 342 (40.3%) of 849 patients randomized to 5-ASA relapsed, compared with 409 (62.6%) of 653 patients allocated to placebo[27-37]. 
It was also suggested that doses of ≥ 2 g/d may be more effective than doses of < 2 g/d for preventing relapse with a RR of relapse of 0.79 (95%CI: 0.64-0.97). This finding was based on data showing that 225 (34.7%) of 649 patients receiving high- or standard-dose 5-ASA relapsed, compared with 379 (42.8%) of 885 patients assigned to low-dose 5-ASA[14].

Corticosteroids

A systematic review and meta-analysis of the efficacy of corticosteroids in UC demonstrated that stan​dard corticosteroids were superior to placebo for UC remission with a RR of failure to achieve remission of 0.65 (95%CI: 0.45-0.93)[38]. This finding was based on analysis of data showing that 122 (54.0%) of 226 patients assigned to standard oral glucocorticoids failed to achieve remission, compared with 173 (79.0%) of 219 patients allocated to placebo[3,39-42]. Based on the above, standard corticosteroids are probably effective in inducing remission in UC.
This systematic review also showed that there was no evidence of increased adverse events in patients taking standard corticosteroids, compared with placebo, even though the absolute rate was higher (14.3% compared with 7.0%, RR = 1.69; 95%CI: 0.30-9.62)[38].

Cytapheresis

Cytapheresis including GMA (Adacolumn®) and LCAP (Cellsoba®) is an extracorporeal therapy that selectively depletes activated granulocytes and monocytes, or leukocytes, resulting in amelioration of the gut inflammation of UC.

A systematic review and meta-analysis of the effect of GMA in both active and corticosteroid-dependent or resistant UC demonstrated that GMA appeared superior to conventional medical therapy. This conclusion was based on data showing that 26 (74%) of 35 patients assigned to GMA achieved remission, compared with 16 (49%) of 35 patients receiving prednisolone (PSL) (P = 0.02)[43,44]. In addition, there was also evidence for corticosteroid-sparing effects with GMA, with significantly lower cumulative doses of corticosteroids, and significantly higher rates of corticosteroid-free remission in patients receiving GMA. These findings were based on data that showed that (1) during the 12 wk of treatment, the cumulative amount of PSL received per patient was 1157 mg in 46 patients assigned to GMA, compared with 1938 mg in 23 patients assigned to receiving the mean dose of PSL up to 30 mg daily (P = 0.001)[45]; and that (2) 27 (77%) of the GMA-treated patients achieved corticosteroid-free at 12 wk, compared with 5 (14%) of the patients allocated to PSL (P = 0.008)[43]. However, GMA did not achieve significantly higher remission rates compared with a sham procedure in achieving remission in UC[46]. Interestingly further subgroup analysis demonstrated that GMA is of benefit in patients with confirmed endoscopically active disease. This conclusion was based on the data of a total of 63 patients with histological evidence of mucosal erosions or ulcerations at baseline, which showed that clinical remission was achieved in 11 (24%) of 46 patients randomized to GMA, compared with 0 (0%) of 17 patients allocated to sham apheresis (P = 0.03). On the other hand, a randomized trial comparing LCAP with a sham column also suggested benefit[47]. Interestingly, a systematic review and meta-analysis of the effect of intensive GMA regimens (two sessions per week) over conventional GMA regimens (one session per week) in achieving remission in UC demonstrated that intensive GMA regimens had higher remission rates[48-50] and shorter time-to-remission than conventional re​gimens[48,49]. Serious adverse side effects have been rare in patients receiving GMA. Based on the above, cytapheresis appears of some benefit in UC.

AZA/6-MP

The traditional pyramid of therapy for the management of UC suggests that patients are prescribed immu​nosuppressive agents when 5-ASA and corticosteroids fail[51]. A systematic review and meta-analysis of the effect of the immunosuppressant AZA on active UC demonstrated a trend to benefit of AZA over placebo in a total of 130 UC patients allocated to AZA or placebo, with no statistical significance (RR = 0.85; 95%CI: 0.71-1.01; P = 0.07)[4,52,53]. However, AZA is of benefit in preventing relapse in quiescent UC (RR = 0.60; 95%CI: 0.37-0.95; P = 0.03)[52]. This finding was based on data that 26 (39.3%) of 66 patients receiving AZA experienced a relapse of UC, compared with 40 (65.6%) of 61 patients allocated to placebo[4,53,54], with a statistically significant benefit of AZA.
Based on the above, AZA/6-MP appears to be of little benefit for inducing remission in active UC, but may prevent relapse in quiescent UC. 

This systematic review also showed that there was no evidence of increased adverse events in patients taking purine analogues, compared with placebo[52]. However, there has been one trial that reported that one patient was dying of an infection associated with an immunocompromised state that occurred when taking AZA[55]. AZA/6-MP are also associated with a 4-6 fold increased risk of lymphoma[56,57] and a 2-6 fold increase in non-melanoma skin cancer[58,59]. Thus, immunosuppressive therapy with AZA/6-MP is never without risk.

Calcineurin inhibitors

Calcineurin inhibitors including cyclosporine and TAC are useful for the treatment of refractory UC due to their potent immunosuppressive properties that inhibit the transcription of the early activation genes encoding interleukin (IL)-2, TNF-, and interferon-, which contribute to the development of inflammation[60]. 

A clinical trial that investigated the effect of cyclosporine on severely active UC, in which a res​ponse was defined as symptomatic improvement demonstrated that cyclosporine was of benefit over placebo in improving symptoms (RR no improvement with cyclosporine, 0.22; 95%CI: 0.07-0.67). This finding was based on data showing that 2 (18%) of 11 patients receiving cyclosporine had no response, as compared with 9 of 9 patients allocated to placebo[7,52].

A recent systematic review of pertinent literature in the Cochrane Database that investigated the efficacy of TAC in inducing remission or clinical improvement of symptoms of UC in a total of 63 moderate-to-severe UC patients randomized to TAC or placebo demonstrated that TAC was of benefit in inducing short-term clinical improvement in patients with refractory UC. This conclusion was based on data showing that 21 (48.8%) of 43 patients randomized to TAC achieved clinical improvement at 2 wk, compared with 2 (10.0%) of 20 patients allocated to placebo (odds ratio (OR), 8.66; 95%CI: 1.79-42.00), with a statistically significant benefit of TAC[60,61]. However, TAC is of little benefit in inducing remission. This conclusion is based on data showing that 6 (13.9%) of 43 patients randomized to TAC achieved remission at 2 wk, compared with 1 (5.0%) of 20 patients allocated to placebo (OR = 2.27; 95%CI: 0.35-14.75), with no statistically significant benefit of TAC over placebo.

Regarding safety concerns, patients in the high serum target concentration group were significantly more likely than placebo patients to experience adverse events related to treatment (P = 0.043). Finger tremor (n = 6) was the most common adverse event in 43 patients receiving TAC. Other adverse events included: gastroenteritis, sepsis, sleepiness, hot flush, headache, queasiness and stomach discomfort[60,61].

Based on the above, TAC may be effective for short-term clinical improvement in patients with refractory UC. 

Biological therapy

IBDs are characterized by chronic inflammation involving the surplus or excessive activity of the immune system in the gut. In order to block this excessive immune reaction, many approaches to the treatment of IBD with biological agents against inflammatory cytokines and adhesive molecules have been developed. The most popular approach to IBD treatment is to block TNF-, a pro-inflammatory cytokine, which activates inflammatory cells, up-regulates adhesion molecules, and ultimately induces gut inflammation. Treatments with monoclonal antibodies against TNF- are currently successful in many patients. However, only a third or less will achieve remission and many of those who do will eventually lose their response[62,63]. Monoclonal antibodies (vedolizumab) that block integrin 47, which mediates the infiltration of leukocytes into the gut mucosa, have also been developed, and will hopefully be used in clinical practice in the near future.

A very recent systematic review and network meta-analysis of the efficacy of biological agents on UC in a total of 2282 mild-to-moderate UC patients randomized to biological agents (n = 1167) or placebo (n = 1115) also demonstrated that all biological agents (ADA, golimumab (anti-TNF-), IFX, and vedolizumab) were superior to placebo for induction of clinical response, clinical remission, and mucosal healing, except for ADA for clinical remission. Furthermore, IFX was shown to be more likely to induce a favorable clinical outcome than ADA for induction of clinical response (OR = 2.36, 95%CI: 1.22-4.63), clinical remission (OR = 2.79, 95%CI: 0.95-8.83), and mucosal healing (OR = 2.02, 95%CI: 1.13-3.59)[8,9,64-68]. In addition, all biological agents also suggested superiority over placebo for maintenance[64].

TNF- BLOCKADE

Another systematic review and meta-analysis of the efficacy of all anti-TNF- antibodies on moderately to severely active UC demonstrated that IFX antibodies are superior to placebo in inducing remission (RR of failure to achieve remission, 0.72; 95%CI: 0.57-0.91). This conclusion is based on data showing that re​mission of UC was not achieved in 231 (42.9%) of 539 patients that were randomized to receive IFX for 6 to 12 wk, compared with 201 (69.8%) of 288 patients allocated to placebo[8,69-72].  

Regarding safety concerns, it was also suggested that the number of patients experiencing any adverse event was not greater with IFX in moderate-to-severe UC[69]. Based on the above, IFX is of benefit over placebo in inducing remission in active UC.

IFX and calcineurin inhibitors such as cyclosporin and TAC are effective for the treatment of patients with moderate or severe corticosteroid-dependent/refractory UC. Whether cyclosporin or TAC therapy should precede IFX as a second-line therapy cur​rently remains controversial. A parallel, open-label randomized controlled trial compared the efficacy of cyclosporin and IFX on acute severe UC that was refractory to intravenous corticosteroids. In this trial, a total of 115 severe UC patients were randomized to cyclosporine (n = 58) or IFX (n = 57), and this trial demonstrated that cyclosporine was not more effective than IFX. This conclusion was based on data showing that 35 (60%) of 58 patients receiving cyclosporine failed to respond to the treatment by day 98, compared with 31 (54%) of 57 patients receiving IFX, with no statistically significant benefit of cyclosporine over IFX (OR = 1.3; 95%CI: 0.6-2.7; P = 0.52). Furthermore, 50 (86%) of 58 patients receiving cyclosporine achieved a clinical response by day 7, compared with 48 (84%) of 57 patients receiving IFX, with no statistically significant benefit of cyclosporine over IFX (OR = 1.2; 95%CI: 0.4-3.3; P = 0.76)[73].

A retrospective study that investigated the effi​cacy of IFX salvage therapy for patients with severe or moderate UC who failed to respond to TAC de​monstrated that IFX salvage therapy following TAC tended to be more efficacious in TAC responders (loss of response or no tolerance) than in non-responders (refractoriness), and that sequential therapy may prove useful and well tolerated. These conclusions were based on data showing the following: (1) in 13 patients receiving IFX for severe or moderate UC who showed refractoriness or loss of response to TAC, or no tolerance, the mean partial Mayo score of UC activity was significantly decreased (P < 0.05) to 5.69, 3.07, and 2.77 at baseline, 8, and 30 wk, respectively; (2) six (46.2%) of the 13 patients showed clinical remission at 8 wk and four (30.8%) showed clinical remission at 30 wk; and (3) rates of clinical remission at 8 and 30 wk of IFX therapy were 60.0% and 40.0%, respectively in TAC responders, and good remission rates of 37.5% and 25.0%, respectively, were also obtained in TAC non-responders[74]. More interestingly, some recent investigations demonstrated that biological therapy could be terminated after achieving complete remission in response to scheduled maintenance therapy with TNF- biologics in patients with refractory UC[75,76].

Combination therapy with IFX plus AZA

A randomized, double-blind, double-dummy trial evaluated the efficacy of IFX alone, AZA alone, and combination therapy with IFX and AZA, at week 16 for the treatment of moderate-to-severe UC that was naïve to anti-TNF- antibodies in a total of 239 patients. This trial demonstrated that the patients receiving combination therapy with IFX and AZA were more likely to achieve corticosteroid-free remission at week 16 than those receiving either monotherapy. This conclusion was based on data showing that 31 (39.7%) of 78 patients receiving a combination of IFX and AZA achieved corticosteroid-free remission, compared with 17 (22.1%) of 77 patients receiving IFX alone (P = 0.017) and 18 (23.7%) of 76 patients receiving AZA alone (P = 0.032)[77]. In addition, combination therapy led to significantly better mucosal healing than AZA alone, based on data showing that 49 (62.8%) of 78 patients receiving IFX and AZA combination therapy achieved mucosal healing at week 16, compared with 42 (54.6%) of 77 patients receiving IFX alone (P = 0.295) and 28 (36.8%) of 76 patients receiving AZA alone (P = 0.001)[77].

Vedolizumab

A recent systematic review of pertinent literature in the Cochrane Database that investigated the efficacy of vedolizumab for induction and maintenance of remission in a total of 606 moderate-to-severe UC patients randomized to vedolizumab demonstrated that vedolizumab is significantly more effective than placebo in inducing clinical remission and response as well as endoscopic remission. This conclusion was based on the following data: (1) 293 (77%) of 382 patients that were randomized to vedolizumab failed to achieve clinical remission by week 4 to 6, compared with 205 (92%) of 224 patients allocated to placebo, with a statistically significant effect in favor of vedolizumab (RR = 0.86; 95%CI: 0.80-0.91); (2) 48% of patients randomized to vedolizumab failed to have a clinical response at week 6, compared with 72% of patients allocated to placebo (RR = 0.68; 95%CI: 0.59-0.78); and (3) 68% of patients failed to achieve endoscopic remission at week 4 to 6, compared with 81% of patients allocated to placebo (RR = 0.82; 95%CI: 0.75-0.91)[78]. In addition, vedolizumab was of benefit over placebo in preventing relapse in patients who were in remission, based on data that showed that 140 (54%) of 247 patients randomized to vedolizumab experienced a clinical relapse at week 52, compared with 106 (84%) of 126 patients allocated to placebo (RR = 0.67; 95%CI: 0.59-0.77)[78]. Regarding safety concerns, patients receiving vedolizumab were no more likely than those receiving placebo to experience adverse events or serious adverse events[78].

Based on the above, vedolizumab is superior to placebo for induction of clinical remission, response, and endoscopic remission in patients with moderate-to-severe UC, and for prevention of relapse in patients with quiescent UC.

Tofacitinib

Tofacitinib is an inhibitor of Janus kinases 1, 2 and 3 that are believed to block lymphocyte activation, function, and proliferation through inhibition of signaling involving gamma chain-containing cytokines including IL-2, -4, -7, -9, and -15[79,80]. Consequently tofacitinib is expected to be a therapeutic agent for the treatment of active UC.

A double-blind, placebo-controlled, phase II trial that evaluated the efficacy of tofacitinib in 194 patients with moderate-to-severe UC demonstrated that clinical response at week 8 occurred in 20 (42%) of 48 patients allocated to placebo (95%CI: 28-56) compared with 10 (32%) of 31 patients randomized to 0.5 mg of tofacitinib (95%CI: 16-49; P = 0.39), 16 (48%) of 33 randomized to 3 mg of tofacitinib (95%CI: 31-66; P = 0.55), 20 (61%) of 33 randomized to 10 mg of tofacitinib (95%CI: 44-77; P = 0.10), 38 (78%) of 49 randomized to 15 mg of tofacitinib (95%CI: 66-89; P < 0.001)[81]. In addition, clinical remission at week 8 occurred in 5 (10%) of 48 patients receiving placebo (95%CI: 2-19), compared with 4 (13%) of 31patients receiving 0.5 mg of tofacitinib (95%CI: 1-25; P = 0.76), 11 (33%) of 33 receiving 3 mg of tofacitinib (95%CI: 17-49; P = 0.01), 16 (48%) of 33 receiving 10 mg of tofacitinib (95%CI: 31-66; P < 0.001), and 20 (41%) of 49 receiving 15 mg of tofacitinib (95%CI: 27-55; P < 0.001)[81]. Regarding safety concerns, there was a dose-dependent incr​ease in both low-density lipoprotein and high-density lipoprotein cholesterol concentrations at week 8 with tofacitinib, which reversed after discontinuation of the study drug.

Based on the above, patients with moderate-to-severe UC treated with tofacitinib were more likely to achieve clinical response and remission than those receiving placebo.

ANX A2 as a new molecular target for conquering the failure of TNF- blockade

As described above, TNF- blockade using anti-TNF- antibodies is not always successful. A better understanding of the TNF- shedding process may lead to new methods of blocking TNF- shedding and thereby attenuating the inflammation of UC. A recent investigation demonstrated a mechanism for the regulation of TNF- shedding in which ANX A2 regulates ADAM17-mediated cleavage and subsequent shedding of proTNF- from the cell membranes of monocytes and colon epithelial cells[13].

ANX A2 was initially isolated as a substrate for the tyrosine kinase of the oncogene protein pp60 (v-src)[82]. ANX A2 is a pleiotropic calcium- and anionic phospholipid-binding protein that exists as a monomer and as a heterotetrameric complex with the plasminogen receptor protein, S100A10[83]. A recent extensive study of the detailed biological functions of ANX A2 showed that ANX A2 in complex with S100A10 participates in Ca2+-evoked exocytosis, and, in the endocytic pathway, ANX A2 in combination with acylated caveolin is considered to be involved in the internalization/transport of lipids[84]. Therefore, ANX A2 has been proposed to play a key role in many processes including exocytosis, endocytosis, membrane organization, ion channel conductance, and in linking the F-actin cytoskeleton to the plasma membrane[83,85]. 

Interaction of ANX A2 with ADAM 17 is required for TNF- ectodomain shedding

The molecular mechanism by which TNF- shedding is induced by interaction of ANX A2 with ADAM 17 has now become clear. TNF- is known to be expressed on the cell membranes of monocytes. Western blotting that examined the endogenous protein expression levels of TNF-, ADAM17 and ANX A2 in cell lines such as the colon epithelial cell lines, HCT116 and HT29, and the monocyte cell line, U937, showed that a high level of TNF- protein was constitutively expressed in U937 cells, whereas HCT116 and HT29 cells expressed TNF- at very low levels. High expression levels of ADAM17 and ANX A2 were observed in all three cell lines. Immunoprecipitaion with an anti-ANX A2 antibody followed by Western blotting with an anti-ADAM17 antibody demonstrated that ADAM17 directly interacts with ANX A2. It is known that the ectodomain of proTNF- is mainly shed through the activity of ADAM17, although ADAM10 can also mediate a small amount of proTNF- shedding[86]. The role of ADAM17 in TNF- shedding was confirmed by analysis of the inhibitory effects of KB-R7785, an ADAM inhibitor, and of ADAM17 short interfering RNAs (siRNAs) on 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced shedding of TNF- from HCT116 cells overexpressing alkaline-phosphatase (AP)-tagged proTNF-, which allowed quantitative analyses of shed AP-tagged TNF- in the culture medium during TPA stimulation using an AP assay. Forced depletion of ANX A2 using siRNAs targeted towards ANX A2 resulted in a significant suppression of TPA-induced TNF- shedding (Figure 1A). In accordance with these data, the expression level of the AP-tagged proTNF- protein of these HCT116 cells was decreased after TPA stimulation, which was partially inhibited by siRNA-mediated depletion of ANX A2. Furthermore, forced depletion of ANX A2 using siRNAs targeted toward ANX A2 resulted in a significant suppression of stimulation-induced endogenous TNF- release from HCT116 and U937 cells, which was assessed using an ELISA of TNF- shed into the conditioned medium (Figure 1B and C). These data suggested that ANX A2 is involved in TNF- shedding and release in colon epithelial cells and monocytes.

ANX A2 depletion promotes ectodomain shedding of epidermal growth factor receptor ligands

ADAM17 is also a key enzyme for the shedding of various other membrane proteins in addition to TNF-, including epidermal growth factor receptor (EGFR) ligands[87]. The C-terminus of type 1 membrane proteins such as EGFR ligands [e.g., amphiregulin (AREG) and heparin-binding epidermal growth factor-like growth factor (HB-EGF)] is in the cytoplasm, whereas the N-terminus of type 2 membrane proteins (e.g., TNF-) is in the cytoplasm. The detailed me​chanism by which ADAM17 cleaves type 1 and 2 membrane proteins is unclear. An AP assay of HCT116 cells overexpressing AP-tagged proAREG and proHB-EGF demonstrated that, in contrast to its effect on TNF- shedding, depletion of ANX A2 with siRNAs significantly increased AREG and HB-EGF shedding[13]. These experiments confirmed that ANX A2 is involved in the ectodomain shedding of AREG and HB-EGF.

The combined data indicated that depletion of ANX A2 inhibited ADAM17-mediated ectodomain shedding of proTNF-; conversely, depletion of ANX A2 upregulated ADAM17-mediated ectodomain shedding of proAREG and proHB-EGF. These results suggest that depletion of ANX A2 ameliorates gut inflammation by suppressing TNF- cleavage and induces cell proliferation and mucosal repair by promoting AREG and HB-EGF cleavage.

More interestingly, depletion of other members of the ANX family, ANX A8 and A9 abrogated the shedding of EGFR ligands, suggesting that ANX A8 and A9 are required for their shedding[88]. In contrast, decreased levels of TNF- shedding were observed during stimulation from HCT116 cells overexpressing ANX A8 and A9, compared with mock cells, suggesting that ANX A8 and A9 inhibit TNF- shedding. 

Based on the above studies, ANX A2, A8 and A9 are responsible for regulation of the cleavage of the type 2 membrane-anchored protein TNF-, and the cleavage of the type 1 membrane-anchored proteins AREG and HB-EGF (Figure 2). Clearly, ANX A2 is a new candidate molecular target for overcoming the failure of TNF- blockade, and inhibition of ANX A2 may be a new therapeutic strategy for the prevention of TNF- shedding during IBD inflammation.

CONCLUSION

As detailed in this review, many agents with different mechanisms of action are available, or are likely to be available in the near future, for the treatment of UC. However, these therapeutic strategies are not always satisfactory and there also remains the problem of refractory UC. Of the current treatments, calcineurin inhibitors, TNF- blockade, and vedolizumab, which block or neutralize the production and functions of proinflammatory cytokines including IL-2 and TNF-, and adhesive molecules, can be effective for the treatment of patients with refractory UC, but they have limitations. To address these limitations, the development and clinical trials of new therapeutic agents that target the surplus or excessive activity of the immune system are needed. ANX A2, which mediates TNF- shedding, is also one such new candidate molecular target. Progress in understanding the pathogenesis of UC is expected to result in the emergence of many potentially useful treatments, such as the targeting of ANX A2, for UC treatment in the future.
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Figure Legends
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Figure 1  Involvement of annexin A2 in tumor necrosis factor- ecto​domain shedding and release. Quoted and adapted from Ford et al[14]. A: Quantitative analysis of TNF- shedding during TPA stimulation of HCT116 cells overexpressing AP-tagged proTNF- and inhibitory effects of ANX A2 siRNA on TNF- shedding. aP < 0.05 vs control for the stimulatory effect, and cP < 0.05 vs control for the inhibitory effect; B: Inhibitory effect of ANX A2 siRNA on IL-1-induced TNF- release from HCT116 cells. The concentration of TNF- released into the conditioned medium was measured using ELISA. aP < 0.05 vs control for the stimulatory effect, and cP < 0.05 vs control for the inhibitory effect; C: Inhibitory effects of ANX A2 siRNA on TPA-induced TNF- release in U937 cells. The concentration of TNF- released into the conditioned media was measured using ELISA. aP < 0.05 vs control for the stimulatory effect, and cP < 0.05 vs control for the inhibitory effect. TNF: Tumor necrosis factor; ANX: Annexin; IL: Interleukin. 
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Figure 2  Putative model of ADAM17-cleaved shedding of tumor necrosis factor- or epidermal growth factor receptor ligands through annexins. Quoted and adapted from Ford et al[14]. A: Highly expressed ANX A2 (grey) binds to and activates ADAM17 (green) and, as a consequence, ANX A2 promotes ADAM 17-mediated ectodomain shedding of TNF- (pink). In parallel, the levels of ANX A8 and 9 are regulated so that they are maintained at a low level; B: Highly expressed ANX A8 and A9 (orange) subsequently bind to and activate ADAM17; as a consequence, ANX A8 and A9 promote ADAM 17-mediated ectodomain shedding of EGFR ligands. In parallel, levels of ANX A2 are regulated so that low levels are maintained. TNF: Tumor necrosis factor; ANX: Annexin; IL: Interleukin; EGFR: Epidermal growth factor receptor.
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