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Abstract 
AIM: To evaluate the efficacy of the improved thrombospondin mimetic peptide ABT-898 in a murine model of ulcerative colitis. 

METHODS: The dextran sodium sulfate (DSS) was used for the induction of colitis in both TSP-1 deficient (TSP-1-/-) and wild type (WT) mice during 7 d. While mice were receiving the DSS dissolved in the drinking water, the ABT-898 peptide was dissolved in sterile 5% glucose solution and delivered using mini pumps subcutaneously implanted. Plasma samples were analyzed for interlukin (IL)-6 by ELISA assay and colonic tissues were harvested, fixed and processed for histological evaluation. Immunohistochemistry using antibodies for the detection of CD31 and MECA in endothelial cells was performed. Inflammation was graded in colonic sections and the number of microvessels in each lesion was assessed. Activation of signal transducer and activator of transcription 3 (STAT3) in colonic samples was quantified by immunohistochemistry and Western blotting using antibodies against total STAT3 and phosphorylated STAT3 (pSTAT3) (Ser727).
RESULTS: Treatment with ABT-898 considerably diminished the inflammatory response in WT and TSP-1-/- mice (P < 0.0001 in both groups vs control). Identification of blood vessels highlighted by CD31/MECA immunohistochemistry, showed significantly reduced vessel counts in colitic lesions of WT and TSP-1-/- mice treated with ABT898 (TSP-1-/- controls/ TSP-1-/- treated, P = 0.0002; WT controls/WT treated, P = 0.0005). Consistently, IL-6 was significantly diminished in plasma samples of TSP-1-/- and WT treated with the peptide when compared to the control mice (P = 0.0002 and P = 0.0148, respectively). pSTAT3 positive cells were quantified in WT and TSP-1-/- treated with ABT-898. A significant decrease in positive cells for pSTAT3 was observed in treated mice (TSP-1-/- controls/TSP-1-/- treated, P = 0.0089; WT/WT treated, P = 0.0110). These results were confirmed by Western blotting analyses showing lower levels of pSTAT3 in colitic lesions from mice treated with the peptide ABT-898.
CONCLUSION: These findings indicate that the new peptide ABT-898 ameliorates inflammation and angiogenesis and might be a therapeutic alternative in IBD and inflammatory diseases.
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Core tip: Inflammatory bowel disease is still incurable and a major burden in the patient’s life and health care system. The discovery of new and safe therapeutic alternatives is urgently needed. This study tested the efficacy of a new thrombospondin- derived peptide, ABT-898 in a murine model of colitis. Our results indicate that this peptide was able to ameliorate inflammation and angiogenesis. In addition, mice treated with ABT-898 showed significant decrease of plasmatic Interlukin-6 and lesser activation of signal transducer and activator of transcription 3 in colitic lesions. These findings suggest that ABT-898 may indeed be an alternative treatment for inflammatory bowel disease. 
Gutierrez LS, Ling J, Nye D, Papathomas K, Dickinson C. Thrombospondin peptide ABT-898 inhibits inflammation and angiogenesis in a colitis model. World J Gastroenterol 2015; In press
INTRODUCTION
Thrombospondin 1 (TSP-1) is a well-known anti-angiogenic protein that induces apoptosis in endothelial cells and inhibits their proliferation[1]. This protein regulates inflammation by multiple mechanisms[2] and its expression has been detected in inflammatory diseases such as rheumatoid arthritis and dermatitis[3]. TSP-1 is expressed in kidney diseases including glomerulonephritis[4], suggesting a close association between TSP-1, inflammation and early fibrosis.

TSP-1[5] as well as factors regulating angiogenesis such as vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF) are upregulated in inflamed colonic tissues. Angiopoetin-1 and VEGF could activate the innate immune system of the vessel wall, stimulating the production of pro-angiogenic inflammatory cytokines[6]. In addition, these factors have been found altered in the serum of patients with inflammatory bowel disease (IBD)[7]. Mice with a targeted deficiency of TSP-1 (TSP-1-/-) show high levels of plasmatic VEGF and bFGF during chronically induced colitis[8].
TSP-1 also modulates vascular leakage and remodeling in acute hypersensitivity[9]. TSP-1-/- mice exhibit a delayed resolution of the inflammation as well as an enhanced vascular remodeling[9]. These mice also display leukocytic infiltrates in the lung, suffer from leukocytosis and augmented colitis
 ADDIN EN.CITE 
[10,11]
. 
As a major activator of transforming growth factor beta 1 (TGF(1), TSP-1 may play an important role in inflammatory processes[12]. Actually, TGF(1-deficient mice show enhanced inflammatory phenotype and augmented tumor burden in experimental models of colitis and colorectal carcinogenesis, a phenotype also observed in TSP-1-/- mice[13,14].
The anti-inflammatory and anti-angiogenic properties of TSP-1 are mediated by its interaction with the transmembrane receptors CD36 and CD47[15,16]. TSP-1 induces endothelial cell death upon its binding to CD36. This process upregulates the Fas-Fas ligand system and initiates the apoptotic cascade of caspases
 ADDIN EN.CITE 
[15]
. By inducing apoptosis, TSP-1 might also regulate the secretion of cytokines and growth factors implicated in the immune response. TSP-1 also modulates the functions of nitric oxide (NO), a critical molecule involved in a variety of physiological events such as vasodilation and chemotaxis[17]
Peptides corresponding to specific domains of TSP-1, have shown antiangiogenic and anti-inflammatory properties in pre-clinical studies[16,17] and in combined therapies in clinical trials as well[18]. One of these peptides ABT-510 is a nonapeptide peptide simulating the sequence GVITRIR, enclosed within the second type 1 repeat of thrombospondin 1 (TSR). TSP-1 mimetic nonapeptide has the sequence: acetyl-sarcosine-glycine-valine-D-alloisoleucine-threonine-norvaline-isoleucine-arginine-proline-ethylamide (NAcSarGly-Val–D-Ile-T–N-Ile-Arg-ProNHEt). This domain directly interacts with CD36[16] and induces cell death predominantly in endothelial and smooth muscle cells. As a result, this domain has major anti-angiogenic functions. Most recently, a modified and improved TSP mimetic peptide is available, A-428898 (ABT-898; Abbott Laboratories). This peptide is an octapeptide with a sequence that provides more stability and longer half-life (NAcGly-Val-D-Ile-Ser-Gln-Ile-Arg-ProNHEt). Data herein show that mice treated with ABT-898 display reduced inflammation and angiogenesis in colons, lower levels of IL-6 in plasma and decreased signal transducer and activator of transcription 3 (STAT3) activation in colitic lesions. TSP-1 mimetic peptides may ameliorate inflammation and serve as alternative treatment for inflammatory diseases.
MATERIALS AND METHODS
Mice and induction of colitis
All animal procedures were performed with the approval of the Wilkes University Institutional Animal Care and Use Committee (IACUC), in accordance with the Declaration of Helsinki and the Guide for the Care and Use of Laboratory Animals as adopted and promulgated by the NIH. DSS (MW: 36000~40000, MP Biomedical, Aurora, OH) was dissolved in the drinking water at a dilution of 2.5% (wt/v) and administered for 7 d to induce acute colitis in WT and TSP-1-/- mice (Jackson Laboratories, Bar Harbor, Maine). 
Pump implantation and peptide treatment  

WT (n = 16) and TSP-1-/- (n = 13) mice were anesthetized and osmotic mini-pumps (Alzet, Cupertino, CA) were subcutaneously implanted. These mini-pumps contained the peptide ABT-898 dissolved in sterile 5% glucose solution (Abbott Laboratories, Chicago, IL). Pumps delivered this solution at controlled rates (0.5 µL/h). The dose for ABT-898 was 60 mg/kg/d. Pumps containing only sterile 5% glucose were also implanted in WT (n = 15) and TSP-1-/- mice (n = 13) as controls. 
Histology and immunohistochemistry 

Intestines were removed, opened longitudinally and rinsed with ice-cold phosphate buffer solution (PBS). For morphological studies, tissues were fixed with Histochoice (Electron Microscopy Sciences, Hartfield, PA), processed and cut in serial sections (5 μm). Sections were stained with hematoxylin and eosin for histopathological analysis. Immunohistochemistry (IHC) sections were incubated overnight a purified rat anti-mouse CD31 (BD Pharmingen, San Diego, CA), MECA 32 and STAT3 and phospho-STAT3 (Ser727) (all from BioLegend, San Diego, CA). Sections were immersed in biotinylated goat anti-rat IgG Impress (Vector Laboratories,) diluted in PBS for 30 min. Color was developed using a 3, 3'-diaminobenzidine substrate kit (Vector Laboratories).
Inflammation grade and mean vascular density analyses
Inflammation grading and evaluations of MECA 34/CD31 were performed in colonic sections from mice drinking DSS for 7 d. Sections were screened at low magnification (x40) to detect areas with colitis. After areas of inflammation were identified, computer digitized images were taken at × 100 or × 400 magnifications using a color digital camera (Olympus Corporation, Tokyo, Japan). Pictures were stored in a memory card and recoded as frame numbers. Frames were blindly analyzed by multiple observers in a monitor in a blindly fashion. A minimum of 5 microphotographs was taken from each colonic section. 
Colonic inflammation was graded in hematoxylin-eosin stained sections as follows: 0, no inflammation; 1, modest numbers of infiltrating leukocytes in the lamina propria; 2, infiltration of leukocytes leading to separation of crypts and mild mucosal hyperplasia; 3, massive infiltration of inflammatory cells accompanied by complete disruption of the mucosal architecture and loss of epithelium. The number of pSTAT3 positive cells was recorded for each frame. The number of vessels/field was measured as mean vascular density (MVD). MVD was assessed by counting the vessels in each colitic lesions showing positive stain for MECA/CD31. The number of pSTAT3 positive cells (brown staining) was recorded for each frame/field as well.
Cytokine array and ELISA
Plasma samples were collected from WT and TSP1-/- mice under acute DSS induced colitis after 7 d treated or not with ABT-898. A mouse cytokine Multi-Analyte ELISArray Kit (SABiosciences Frederick, MD) was used to measure the cytokine production of IL1A, IL1B, IL2, IL4, IL5, IL6, IL8, IL10, IL12, IL13, IL17A and Granulocyte-Macrophage Colony Stimulating Factor (GM-CSF) in mice with or without ABT-898 treatment. The arrays were performed according to the manufacturer’s instructions. The absorbance levels of the cytokines were measured on a plate reader (Beckman Coulter DTX 880) at 450 nm. The IL-6 concentrations in the plasma were measured with R&D ELISA (Minn, USA) kit. Briefly, 100 μL of plasma were applied to the immunoplate precoated with anti-human or anti-mouse monoclonal antibody. Secondary detection antibody of each assay was then added to the immobilized IL-6 in the sample. The conjugation of anti-IL-6 with their antigens was visualized using Avidin-HRP substrate. The absorbance levels of proteins were measured on a plate reader at 450 nm. Sampling was performed in triplicates. All the results were representative of multiple and separated experiments. Sampling was performed in triplicates including standards. 
Western blotting analyses
Intestinal tissues were collected and briefly rinsed with cold PBS and stored at -80° C until use. Protein was extracted with buffer A (25 mM Tris-HCl pH 7.6, 150 mM NaCl, 0.5% NP-40, 0.5% Sodium deoxycholate, 0.05% SDS and 5 mM β-mercaptoethanol) supplemented with protease inhibitors cocktail (BP-477, Boston Bioproducts, Worchester, MA) and phosphatase inhibitors cocktail (BP-480, Boston Bioproducts) prior to use. Tissue was homogenized in buffer A followed by brief sonication (10 s each for 3 times) on ice. 

The extract was then centrifuged at 12000 rpm for 10 min at 4°C and the supernatant taken as the total protein lysate for protein analysis. Protein concentration was measured using the Bradford assay (Coomassie Plus, Pierce Rockford, IL). Equal amounts of protein were separated by SDS-PAGE and transferred onto the nitrocellulose membrane by a semi-dry transfer procedure (Bio-Rad, Hercules, CA). The quantitative Western blot (WB) was carried out according to the Odyssey protocol (LI-COR, Inc, Lincoln, NE). Briefly, the membrane was blocked for 1 h at room temperature in the blocking buffer. Then, it was hybridized with the primary antibody against total STAT3 or phospho-STAT3 (Ser727) (p-STAT3) at 1:1000 dilution in TBST (50 mM Tris/HCl, pH 7.5, 150 mM NaCl, 0.1% Tween-20) containing 1% bovine serum albumin overnight at 4(C. The membrane was then washed with TBST for 3-5 times, followed by hybridization with infrared IRDye®-labeled secondary antibody at a dilution of 1:5000 in TBST/1% BSA for 1 h. The membranes were washed with TBST (× 5) and PBS (× 2) for image acquisition using an Odyssey infrared scanner (Li-cor, USA). Data were analyzed using the Odyssey software 3.0 to quantify of pSTAT3 in three independent Western blotting analyses.
Statistical analysis 

Data was analyzed for significance by a one-way ANOVA (analysis of variance). Calculations were performed using StatView system for Macintosh (Abacus Concepts, Berkeley, CA). P < 0.05 was considered significant. Where appropriate, values are expressed as the mean ± standard errors (SEM).

Results 

ABT-898 decreases inflammation in both WT and TSP-1 deficient mice
Inflammation was graded by evaluating hematoxylin-eosin stained sections in a blindly matter (Figure 1 A-D). TSP-1 deficient mice showed enhanced inflammation grade at DSS doses of 2.5% (Figure 1A). The leukocytic infiltrate was usually involving all the layers of the colonic wall with multiple erosions. WT mice treated with DSS only, also showed erosions and heavy inflammation (Figure 1B). However, the inflammatory infiltrate was mostly confined to the mucosa of the colon. Treatment with ABT-898 considerably diminished the inflammatory response in WT and TSP-1-/- mice (Figure 1C and 1D, respectively; P < 0.0001 vs control). The peptide ABT-898 significantly reduced the leukocytic infiltration in both WT and TSP-1-/- colitic lesions when compared with their controls (Figure 1E; P < 0.0001 vs control). TSP-1 deficient mice receiving glucose showed a higher grade of inflammation when compared to WT mice controls (Figure 1A and 1C). These results were statistically significant (Figure 1E; P = 0.0157).
ABT-898 diminishes the microvessel density in colitic lesions in WT and TSP-1 deficient mice

TSP-1 is an angiogenic regulator that induces apoptosis in endothelial and smooth muscle vascular cells. Colonic tissues of both genotypes TSP-1-/- and WT showed both a high density of microvessels (MVD) in the DSS- induced lesions (Figure 2A and 2C, respectively). Conversely, CD31/MECA positive blood vessels were significantly reduced in colons from WT and TSP-1-/- mice treated with ABT898, TSP-1-/- controls/ TSP-1-/- treated (P = 0.0002; Figure 2A, 2B and 2E, respectively). WT controls and WT treated (P = 0.0005; Figure 2C, 2D and 2E, respectively). No significant changes were detected in MVC between WT and TSP-1-/-mice, indicating that endogenous TSP-1 does not inhibit angiogenesis. Changes in angiogenesis in this model may be related to the concentration of DSS used and the duration of the treatment. TSP-1 deficient mice have shown increased MVC and secretion of pro-angiogenic factors only when using higher concentrations of DSS or when it was delivered during multiple cycles
 ADDIN EN.CITE 
[19,20]
.
Plasma levels of IL-6 in mice with induced colitis are reduced after the treatment with the ABT-898 peptide
A cytokine ELISA array was used to screen 12 cytokines in plasma of mice treated and untreated with ABT-898. Levels of IL-6 were particularly higher in control mice and very much reduced after the treatment with ABT-898. In order to validate these results plasma levels of IL-6 from treated and untreated mice were measured by using specific sandwich-based ELISA for each cytokine. Consistently, IL-6 was significantly diminished in plasma of TSP-1-/- treated with the peptide (P = 0.0002). WT samples under the same treatment showed similar results (P = 0148). TSP-1 deficient mice untreated displayed higher levels of IL-6 compared to WT mice treated with saline solutions as well (P = 0.0114; Figure 3). 
STAT3 is activated in TSP-1 deficient colons treated with DSS and inhibited by the peptide ABT-898 

Activation of STAT3 is one of the main signaling mechanisms in response to IL-6 action[20]. The activation of STAT3 is mediated through the phosphorylation at Tyr705 or Ser727 site. This step is required for dimerization, nuclear translocation and DNA binding. Western blot with pSTAT3 (Ser727) antibody showed that pSTAT3 was increased 2-fold in the inflamed TSP-1-/- colon tissues treated with DSS, as compared to the WT. When the colon tissues were not affected by DSS treatment, the levels of pSTAT3 were about the same (Figure 4A). However, both WT and TSP-1-/- showed lower levels of p-STAT3 when treated with the peptide ABT-898 and DSS. pSTAT3 levels were quantified after normalization with total STAT3 in three independent western blotting experiments. These analyses showed that the specific pSTAT3 is increased under induced colitis in TSP1-/- and decreased by ABT-898 (Figure 4B) 
Counts of pSTAT3 positive cells were significantly reduced in TSP-1-/- colons treated with the peptide ABT-898

IHC with p-STAT3 (Ser727) revealed that active STAT3 was distributed mainly in the nuclei of epithelial cells. Nuclear staining was also observed in the luminal epithelium and crypts of both groups. Nuclei of the endothelial cells in some venules and arterioles were strongly positive. Cytoplasmic staining was observed in cells undergoing mitosis. p-STAT3 was predominantly expressed in the inflamed epithelium and leukocytic infiltrate of TSP-1-/- and WT intestines controls (Figure  5A and 5C, respectively). When positive cells were quantified in WT and TSP-1-/- treated with ABT-898 mice (Figure 5B and 5D, respectively) a significant decrease in positive cells for pSTAT3 was observed (Figure 5F, TSP-1-/- / TSP-1-/- p, P = 0.0089; WT/WTp, P = 0110)
Discussion 
Previous results have shown that TSP-1 significantly diminishes inflammation and angiogenesis in the DSS model of colitis
 ADDIN EN.CITE 
[11]
. Secretion of pro-angiogenic factors such as VEGF and basic fibroblast growth factor were significantly higher in TSP-1-/- mice under multiple cycles of DSS[8]. In this study, a second generation TSP-1 derived peptide; ABT-898 significantly ameliorates inflammation and angiogenesis DSS mouse model. Data shown herein indicate that ABT-898 significantly reduces the plasmatic levels of IL-6 in these colitic tissues[21].
IL-6 levels have been found elevated in several models of colitis[22,23]. Baseline levels of the anti-inflammatory cytokines IL-10 and TGF(1 were significantly elevated in IL-6 deficient mice compared with WT mice[23]. IL-6 regulates the secretion of TSP-1 by monocytes[24] and modulates the localization of TSP-1 in the vascular compartment.[25]. Several reports have underlined the importance of IL-6 in angiogenesis and inflammation. This cytokine is inhibited when VEGF is silenced using RNAi technology[26]. TSP-1-/- vascular cells could modulate the innate immune system directly and indirectly through production of cytokines such as IL-6. It has been documented that VEGF induces the production of IL-6 in endothelial cells but not in leukocytes[27]. Vascular cells may be a natural source of such production since vascular changes and angiogenesis are critical components of any inflammatory process.
IL-6 interacts with TGF(1[28,29] and plays an important role in the development of IBD. Inhibition of IL-6 signaling decreases IL-6 secretion in an inflammatory colon cancer model[28] and high levels of IL-6 have been found in patients suffering of IBD[30]. The functions of IL-6 are regulated by a series of events, starting with the binding to its receptor (IL-6R). Two subunits of the IL-6R have been identified: an 80 kDa ligand-binding subunit, known as IL-6 receptor alpha (IL-6R(), and a 130 kDa signal-transducing subunit, gp130 (IL-6R(). The gp130 is associated with the IL-6/IL-6R(, initiating the phosphorylation of the C-terminal domain of gp130 by JAK1/2 and the recruitment of STAT3 and its subsequent phosphorylation. STAT3 is considered a potent anti-apoptotic factor, directly involved in IBD and cancer[31].
STAT3 is recruited to the receptor subunit gp130 and activated through phosphorylation by JAK1/2. The phosphorylation then renders the dimerization of STAT3 and its translocation into the nucleus to regulate the transcription of responsive genes, including cytokines and growth factors
 ADDIN EN.CITE 
[19,20]
. IL-6 and activated STAT3 have been reported as crucial for intestinal carcinogenesis in a model of colitis-associated cancer[32].
The activity of IL-6 through the STAT3 pathway was evaluated in this study and the status of pSTAT3 was determined. The phosphorylated form of STAT3 is expressed in both WT and TSP-1-/- colons, and almost abolishes in mice treated with the antiangiogenic peptide ABT-898. This peptide inhibits angiogenesis and chemotaxis to the colitic areas, as was evidenced by the diminished inflammation and MVD in both genotypes after the treatment with ABT-898. Treatment of mice under colitis with this peptide decreases MVD in both genotypes even at lower doses of DSS as we show herein. TSP-1 induces apoptosis in endothelial cells through its interaction with CD36. CD36 and IL-6 regulate oxidative stress and both are associated with metabolic and inflammatory diseases[33]. In addition, soluble CD36 has been associated with high levels of IL-6 in men with impaired glucose tolerance[34]. Our results here indicate that ABT-898 is able to inhibit the activation of STAT3 in colitic tissues. These data also confirm the importance of regulating the secretion of IL-6 for the resolution of the inflammatory response. IL-6 thus represents an alternative mechanism by which TSP-1 and its derived peptides could be a protective factor against chronic inflammation and carcinogenesis. 
Recent studies have shown that the activation of the axis IL-6/ STAT3 enhances the secretion of TSP-1[35,36]. STAT-3 as TSP-1 both exhibit paradoxical roles in inflammation and cancer. In addition, the functions of TSP-1 are dose and tissue depending and may vary due the presence of specific receptors with which TSP-1 may interact[37]. While the expression of TSP-1 in the normal colon is not significant, in DSS colitic lesions is highly upregulated


[5,11] ADDIN EN.CITE . TSP-1 is intensely expressed during the acute phase of inflammation in the several models[38]. The releasing of TSP-1 upon injury suggests a protective role in intestinal homeostasis. In addition, lacking of endogenous TSP-1 enhances angiogenesis and inflammation in colitis
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Data herein indicate that TSP-1 could diminish the level of pSTAT-3. These results could be solely a consequence of the severe inflammation observed in TSP-1 deficient mice. However, results from our gene microarray data might provide some insights. S100A9 is an important marker for inflammation that can activate STAT3[39,40]. TSP-1 derived peptides upregulated S100A9 at the transcriptional level in the same model of colitis[41]. However, the TSP-1 peptide containing the activating domain of TGFß1 showed the lowest expression levels of S100A9 among the treated groups. These results suggest that TSP-1 could reduce pSTAT3 in the colon by TGFß1 related mechanisms. 
Our data demonstrate that ABT-898 is effective in controlling colonic inflammation and angiogenesis. Treatment of cancers with ABT-898 has shown to be quite effective in pre-clinical studies as well[42,43]. In addition the treatment with this peptide significantly reduces the secretion of IL-6 and inhibits the activation of the STAT3 system. As clinical trials are testing the efficacy of IL-6 antibodies in cancers, the possibility of using peptides such as ABT-898 warrants further investigation.
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Comments

Background
Inflammatory bowel disease (IBD) consists of two major forms of chronic intestinal inflammation, ulcerative colitis and Crohn's disease. Its etiology remains unknown and no cure is yet available. Strong evidence suggests that IBD is the result of an immune deregulation of the intestinal mucosa. Vascular changes and enhanced angiogenesis (formation of new blood vessels from pre-existent ones) indicate that an abnormal angiogenic response may be also implicated, enhancing the recruitment of inflammatory cells and contributing to the mucosal damage. Therapeutic approaches targeting angiogenesis may be safe alternatives for treating inflammatory diseases such as IBD.

Research frontiers

Thrombospondin 1 (TSP-1) is natural antiangiogenic that has a role in inflammation and cancer. This protein has multifunctional domains that interact with a variety of growth factors and extracellular proteins. During the last decade, peptides derived from specific domains of TSP-1 have been developed. One of these peptides ABT-510 mimicked the anti-angiogenic properties of TSP-1 and it was evaluated in pre-clinical experiments and proved safe in clinical trials. However, this peptide seemed to be effective only when combined with cytotoxic therapies. This study evaluates the efficacy of a second-generation peptide ABT-898, designed to be more effective by providing a longer half-life and better solubility.

Innovations and breakthroughs 

This study is using a model of colitis to test the therapeutic effects of a new and improved TSP-derived peptide. ABT-510 was effective not only inhibiting angiogenesis but also ameliorating the inflammation and mucosal damage. These results link an antiangiogenic peptide with the signal transducer and activator of transcription 3 (STAT3), a key factor in inflammation and cancer. These data suggest an alternative mechanism by which TSP-1 might decrease inflammation warranting further investigation.

Applications 

The study suggests that the TSP-1 peptide ABT-510 might be effective as a therapeutic agent for inflammatory bowel disease and other inflammatory conditions.

Terminology

Thrombospondin 1 is a disulfide-linked homotrimeric protein. This protein is an adhesive glycoprotein secreted by a variety of cells but it is storage in the extracellular matrix. TSP-1 has the following major domains: an amino-terminal heparin-binding domain, a procollagen domain, a properdin-like type I repeats, and a globular carboxy-terminal domain. The protein also contains type II repeats with epidermal growth factor-like homology and type III repeats that contain an RGD sequence. ABT-510 (Abbott Laboratories) was formulated based on the sequence GVITRIR within the type I repeats: Ac-Sar-GV-DalloIle-T-Nva-IRP-ethylamide. ABT-898: Ac-GV-DalloIle-SQIRP-ethylamide.  

Peer review

This is an interesting study evaluating the efficacy of second generation TSP-1 derived peptide in a colitis model. These data suggest that ABT-898 could be an effective therapeutic tool for inhibiting inflammation and angiogenesis in inflammatory bowel disease. 
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Figure 1 Effects of the TSP-1 mimetic peptide ABT-898 in inflammation. Inflammation was graded by evaluating hematoxylin-eosin stained sections in a blindly fashion (A-D). Sections from colons of TSP-1-/- mice with DSS and treated with 5% glucose (A), sections from colons of TSP-1-/- mice treated with ABT-898 (B), colonic sections from WT mice treated with 5% glucose 5% glucose (C) and with the peptide ABT-898 only (D). The peptide ABT-898 significantly reduced the leukocytic infiltration in both, WT and TSP-1-/- colitic lesions when compared with their controls (E) (P < 0.0001). aP < 0.0001 and bP < 0.05 vs conyrol. TSP-1-/-: TSP-1-/- controls; TSP-1-/-p; TSP-1-/-treated with the ABT-898 peptide; WT: WT control; WTp: WT treated with the ABT-898 peptide.
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Figure 2 Effects of the TSP-1 mimetic peptide ABT-898 on microvascular density in colons with dextran sodium sulfate-induced colitis. Combined immunohistochemistry against the endothelial markers CD31 and MECA 34 (brown staining) was performed to analyze the vascular density in colitic lesions (A-D). Evaluation of vascular density in TSP-1-/- colonic sections from mice treated with 5% glucose (A), and ABT-898 (B), WT mice controls (C), and the ABT-898 peptide (D). Sections from mice receiving the ABT-898 peptide showed a significant decrease in microvascular density (MVD) vs controls (E) (P < 0.0001 for TSP-1-/- colons and P = 0.0048 for WT). aP < 0.0001 vs control. TSP-1-/-: TSP-1-/- controls; TSP-1-/-p: TSP-1-/- treated with ABT898; WT: WT control; WTp: WT treated with ABT-898 peptide.
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Figure 3 IL-6 protein levels in plasma of mice under dextran sodium sulfate-induced colitis. IL-6 levels were analyzed using sandwich-based ELISA. Elevated levels of IL-6 were detected in WT and TSP-1-/- plasma samples of mice treated with DSS for 7 d receiving saline injections (P = 0.0114). IL-6 was significantly diminished in plasma of TSP-1-/- treated with the peptide (P = 0.0002) and WT samples under the same treatment (P = 0.0148). bP < 0.05 vs control. Error bars represent SEM. The results shown are representative of three or more independent experiments. TSP-1-/-: TSP-1-/- controls; TSP-1-/-p; TSP-1-/- with ABT-898 peptide; WT: WT control; WTp: WT treated with ABT-898 peptide. 
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Figure 4 Activation of STAT3 by Western blotting. Tissue lysates were prepared as described in “MATERIALS AND METHODS”, equal amounts of protein (80 μg) were resolved by 4%-12% SDS-PAGE, followed by Western blot with antibodies against STAT3, phosphorylated STAT3 (pSTAT3) (Ser727) and actin, respectively (left panel). STAT3 activation under acute colitis induced by DSS and the effects of the ABT-898 peptide on STAT3 activation during DSS-induced acute colitis; Right panel shows the specific phosphorylation of STAT3 from three repeated Western blots as represented by the left panel. The average values with standard deviations are showed. NA: Not affected colon tissue (no DSS); A: DSS induced colon tissue; TSP-1-/-: TSP-1-/- controls; TSP-1-/-p: TSP-1-/- treated with ABT-898 peptide; WT: WT control.
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Figure 5 Activation of STAT3 by immunohistochemistry. Immunohistochemistry for pSTAT3, in colitic tissues of TSP-1-/- controls (A), TSP-1-/- colonic tissues treated with ABT-898 (B), colons from WT mice (C) and from WT mice treated with the ABT-898 peptide (D), pSTAT3 positive brown staining was detected in the nucleus of epithelial cells and infiltrating leukocytes. Quantification of pSTAT3 positive cells was performed in colonic sections (E). Colons from WT and TSP-1-/- mice used as control showed higher numbers of positive cells when compared to mice treated with ABT-898. bP < 0.05 vs control. NS: Not significant; TSP-1-/-: TSP-1-/- controls; TSP-1-/-p: TSP-1-/- treated with ABT-898 peptide; WT: WT control; WTp: WT treated with ABT-898 peptide.
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