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Growth hormone reduces the severity of fibrosis ass ociated with chronic 
intestinal inflammation. 
 
Theiss AL, Fuller CR, Simmons JG, Liu B, Sartor RB,  Lund PK 
 
Department of Cell and Molecular Pathology, The Uni vesity of North Carolina 
at Chapel Hill, 27599-7545, USA. 
 
BACKGROUND & AIMS: Growth hormone (GH) is used to t reat growth delay in 
children with Crohn's disease and in patients with short-bowel syndrome. GH 
can increase collagen accumulation in intestinal me senchymal cells, raising 
concern that GH therapy could exacerbate fibrosis i n patients with Crohn's 
disease. We tested if GH treatment altered inflamma tion or fibrosis during 
chronic, experimental granulomatous enterocolitis. METHODS: Ileum and cecum 
of Lewis rats were subserosally injected with pepti doglycan-polysaccharide 
(PG-APS) or control human serum albumin. At the ons et of chronic PG-APS-
induced inflammation, rats were administered recomb inant human GH or 
vehicle for 14 days. Fibrosis and inflammation were  quantified by gross gut 
disease scoring, histologic scoring, type I collage n, and cytokine 
expression in cecum. Abundance and localization of suppressor of cytokine 
signaling-3 (SOCS-3) messenger RNA and/or protein w ere determined in cecum. 
Effect of GH, cytokines, or PG-APS on SOCS-3 synthe sis was measured in 
intestinal myofibroblasts. Myofibroblasts overexpre ssing SOCS-3 were used 
to test whether SOCS-3 inhibits collagen accumulati on. RESULTS: In PG-APS-
injected rats, GH modestly reduced gross adhesions and mesenteric 
contractions, cecal fibrosis score, and collagen ex pression, but had no 
effect on intestinal inflammation. GH increased SOC S-3 messenger RNA and 
protein abundance in PG-APS rats and SOCS-3 messeng er RNA was localized to 
the periphery of granulomas. GH in combination with  cytokines or PG-APS, 
but not alone, induced SOCS-3 synthesis in intestin al myofibroblasts. 
Myofibroblasts overexpressing SOCS-3 showed reduced  cytokine-induced 
collagen accumulation. CONCLUSIONS: GH modestly red uces intestinal fibrosis 
associated with chronic experimental enterocolitis and stimulates 
expression of antifibrogenic SOCS-3, suggesting tha t GH therapy in 
inflammatory bowel disease should not exacerbate fi brosis. 
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Immune-enhancing diet and cytokine expression durin g chronic sepsis: an 
immune-enhancing diet containing L-arginine, fish o il, and RNA fragments 
promotes intestinal cytokine expression during chro nic sepsis in rats. 
 
Hurt RT, Matheson PJ, Mays MP, Garrison RN 
 
Department of Surgery, University of Louisville, KY  40206, USA. 
 
Chronic feeding with enteral immune-enhancing diets  (IEDs) provides 
benefits based on composition of the diet, route of  feeding, and timing of 
feeding in relation to timing of trauma or surgery.  Our prior studies of 
acute feeding in naïve rats demonstrated that IED p romotes blood flow and 



proinflammatory cytokines in the ileum. We hypothes ized that chronic 
feeding with IED would shift gut immune status to a n anti-inflammatory 
state during chronic sepsis, resulting in an altere d state of cytokine 
expression in the gut. Five days prior to feeding, gauze was implanted 
subcutaneously in the backs of male Sprague-Dawley rats, which were fed for 
3 days with either control diet (CD, Boost; Mead-Jo hnson, Evansville, IL) 
or IED (Impact; Novartis) and randomly assigned to one of four groups: 
saline control (NS) + control diet (CD), sepsis (EC ) + CD, NS + IED, or EC 
+ IED. EC rats were inoculated with 10(9) CFU Esche richia coli and 10(9) 
CFU Bacteroides fragilis in 2 ml normal saline into  the back sponge while 
NS rats received 2 mL normal saline alone. After 3 days, animals were 
anesthetized and gut tissue samples were harvested and frozen at -80 
degrees C. Tissue protein was extracted and ELISA w as performed for 
interleukin (IL-1beta, IL-5, IL-6, IL-10, tumor nec rosis factor (TNF)-
alpha, and interferon (IFN)-gamma. In saline contro ls, IED feeding 
decreased IL-1beta, IL-5, IL-6, TNF-alpha, and IFN- gamma and increased IL-
10 compared with CD-fed animals. In septic animals,  IED feeding increased 
IL-5 and IL-6, while decreasing IFN-gamma and IL-10  in the distal third of 
the small intestine compared with CD-fed septic rat s, whereas IL-1beta and 
TNF-alpha levels were unchanged. Chronic IED feedin g produced a anti-
inflammatory state via decreased IFN-gamma and incr eased IL-5 and IL-6, 
which both promote gut IgA class switching, suggest ing that the gut is 
shifted toward humoral immunity during chronic IED feeding in septic rats. 
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Role of tumor necrosis factor receptor 2 (TNFR2) in  colonic epithelial 
hyperplasia and chronic intestinal inflammation in mice. 
 
Mizoguchi E, Mizoguchi A, Takedatsu H, Cario E, de Jong YP, Ooi CJ, Xavier 
RJ, Terhorst C, Podolsky DK, Bhan AK 
 
Center for the Study of Inflammatory Bowel Disease,  Beth Israel Deaconess 
Medical Center, Harvard Medical School, Boston, Mas sachusetts, USA. 
 
BACKGROUND & AIMS: Tumor necrosis factor (TNF) indu ces multiple effects 
including cell proliferation and death by ligation with TNF receptor type 
II (TNFR2). We studied the role of TNFR2 in chronic  inflammation-induced 
colonic epithelial alteration. METHODS: TNFR2 expre ssion in colonic 
epithelial cells (CECs) was assessed by ribonucleas e protection assay (RPA) 
and immunohistochemistry (IHC) in patients with inf lammatory bowel disease 
(IBD) and murine colitis models. TNFR2 expression w as also analyzed using 
COLO205 cells. The role of TNFR2 in colonic epithel ial homeostasis was 
examined by generating interleukin 6-deficient TCR alpha KO (alpha IL-6DKO) 
or TNFR2-deficient TCR alpha (alpha TNFR2DKO) mice.  RESULTS: TNFR2 
expression was up-regulated in CEC in both human ul cerative colitis and 
Crohn's disease. In vitro studies showed that TNFR2  expression was up-
regulated by a cooperative effect of key proinflamm atory cytokines. By RPA, 
the increased expression of TNFR2 was detectable in  TCR alpha KO mice with 
colitis compared with TCR alpha KO mice without col itis or wild-type mice. 
In alpha IL-6DKO mice, TNFR2 expression, proliferat ion, and nuclear factor 
kappa B activation of CECs were markedly reduced co mpared with TCR alpha KO 
mice. alpha TNFR2 mice also showed significantly le ss colonic epithelial 
proliferation compared with TCR alpha KO mice. CONC LUSIONS: Expression of 
TNFR2 is consistently increased on CECs in both mur ine colitis models as 
well as patients with IBD. TNFR2 may play an import ant role in colonic 
inflammation-associated alteration in the intestina l epithelium. 
 
PMID: 11781288 [found with GoPubMed] 
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Phospholipid transfer protein deficiency ameliorate s diet-induced 
hypercholesterolemia and inflammation in mice. 
 
Shelly L, Royer L, Sand T, Jensen H, Luo Y 
 
Phospholipid transfer protein (PLTP) facilitates tr ansfer of phospholipids 
from triglyceride-rich lipoproteins (TRL) into HDL.  PLTP has been shown to 
be an important factor in lipoprotein metabolism an d atherogenesis. Here we 
report that chronic high fat high cholesterol diet feeding markedly 
elevated plasma cholesterol levels in C57BL/6 mice.  PLTP deficiency 
attenuated diet-induced hypercholesterolemia by dra matically reducing ApoE-
rich lipoproteins (-88%), and to a lesser extent LD L (-40%) and HDL (-35%). 
Increased biliary cholesterol secretion, indicated by increased hepatic 
ABCG5/ABCG8 gene expression, and decreased intestin al cholesterol 
absorption may contribute to the lower plasma chole sterol in PLTP deficient 
mice. The expression of pro-inflammatory genes (ICA M-1 and VCAM-1) is 
reduced in aorta of PLTP knockout mice compared to wild type mice fed with 
either a chow or high cholesterol diet. Furthermore , plasma IL-6 levels are 
significantly lower in PLTP deficient mice, indicat ing reduced systemic 
inflammation. These data suggest that PLTP appears to be playing a pro-
atherogenic role in diet induced hyperlipidemic mic e. 
 
PMID: 18198166 [found with GoPubMed] 
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Localized colonic inflammation increases cytokine l evels in distant small 
intestinal segments in the rat. 
 
Barada KA, Mourad FH, Sawah SI, Khoury C, Safieh-Ga rabedian B, Nassar CF, 
Saadé NE 
 
Department of Internal Medicine, American Universit y of Beirut, Beirut 110 
72020, Lebanon. kb02@aub.edu.lb 
 
Local inflammation in the colon has been associated  with nutrient 
malabsorption and altered motility in the small bow el. These remote effects 
suggest the release of mediators which can act (or alter) the function of 
intestinal segments located far from the primary ar ea of inflammation. This 
study describes the changes in the expression of pr o-inflammatory cytokines 
in the colon and in various segments of the small i ntestine in two rat 
models of experimental colitis. Colitis was induced  by the intracolonic 
administration of 100 microL of 6% iodoacetamide or  250 microL of 2, 4, 6-
trinitrobenzene sulfonic acid. Levels of interleuki n one beta, interleukin 
6, and tumor necrosis factor alpha were measured by  ELISA in tissue 
homogenate sampled from duodenum, jejunum, ileum an d colon at different 
time intervals. In homogenates of strips isolated f rom duodenum, jejunum 
and ileum, tumor necrosis alpha and interleukin-6, increased significantly 
3-6 h after iodoacetamide or TNBS administration an d remained elevated 
until the colonic inflammation subsided. Interleuki n one beta showed 
comparable but delayed increase. Similar, but more pronounced increase of 
the three cytokines was noticed in areas of the col on adjacent to the 
ulcer. Histologic examinations revealed important i nflammatory changes in 
the colon; however, examination of sections from th e small intestines did 
not reveal significant differences between controls  and rats with colitis. 
In conclusion, expression of pro-inflammatory cytok ines is increased in 



remote segments of the small intestines during coli tis. The findings may 
provide a partial explanation or a molecular substr ate for the associated 
small bowel dysfunction. 
 
PMID: 16904127 [found with GoPubMed] 
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Systemic regulation of intestinal iron absorption. 
 
Steele TM, Frazer DM, Anderson GJ 
 
Iron Metabolism Laboratory, Queensland Institute of  Medical Research, 
Brisbane, Queensland, Australia. 
 
The intestinal absorption of the essential trace el ement iron and its 
mobilization from storage sites in the body are con trolled by systemic 
signals that reflect tissue iron requirements. Rece nt advances have 
indicated that the liver-derived peptide hepcidin p lays a central role in 
this process by repressing iron release from intest inal enterocytes, 
macrophages and other body cells. When iron require ments are increased, 
hepcidin levels decline and more iron enters the pl asma. It has been 
proposed that the level of circulating diferric tra nsferrin, which reflects 
tissue iron levels, acts as a signal to alter hepci din expression. In the 
liver, the proteins HFE, transferrin receptor 2 and  hemojuvelin may be 
involved in mediating this signal as disruption of each of these molecules 
decreases hepcidin expression. Patients carrying mu tations in these 
molecules or in hepcidin itself develop systemic ir on loading (or 
hemochromatosis) due to their inability to down reg ulate iron absorption. 
Hepcidin is also responsible for the decreased plas ma iron or hypoferremia 
that accompanies inflammation and various chronic d iseases as its 
expression is stimulated by pro-inflammatory cytoki nes such as interleukin 
6. The mechanisms underlying the regulation of hepc idin expression and how 
it acts on cells to control iron release are key ar eas of ongoing research. 
 
PMID: 16081371 [found with GoPubMed] 
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Increased intestinal TNF-alpha, IL-1 beta and IL-6 expression in ovine 
paratuberculosis. 
 
Alzuherri HM, Woodall CJ, Clarke CJ 
 
Department of Veterinary Pathology, universtiy of E dinburgh,Easter Bush, 
Roslin, UK. 
 
Mycobacterium avium subspecies paratuberculosis is an intracellular 
parasite of intestinal macrophages and causes a chr onic granulomatous 
enteritis in sheep and other ruminants (paratubercu losis or Johne's 
disease). Macrophages can be produced a variety of immunoregulatory 
cytokines that may influence mycobacterial killing and produce disordered 
inflammation within the gut. In this study, messeng er RNA (mRNA) was 
extracted from intestinal tissue from control and m ultibacillary diseased 
sheep and profiles for the cytokines tumour necrosi s factor-alpha (TNF-
alpha), interleukin-1 beta (IL-1 beta), IL-6, trans forming growth factor-
beta1 (TGF-beta1) and granulocyte-macrophage colony  stimulating factor (GM-
CSF) were semi-quantified using reverse transcripta se polymerase chain 
reactions (RT-PCR). Infected intestinal tissues had  significantly increased 



mRNA for TNF-alpha, IL-1beta and IL-6 but TGF-beta1  and GM-CSF mRNA levels 
were significantly different from controls. Superna tants from in vitro 
intestinal cultures were assayed for TNF-alpha acti vity using the PK(15)-
1512 cytotoxicity bioassay and levels were signific antly raised in diseased 
samples. TNF-alpha was not detected in any serum sa mples. Further analysis 
on intestinal tissues from sheep with the different , paucibacillary, form 
of the disease showed significant elevation of TNF- alpha mRNA but not other 
cytokines tested. Increased pro-inflammatory cytoki ne expression in the 
intestine coincident with a failed or misdirected i mmune response may 
contribute to the pathogenesis of paratuberculosis and the persistence of a 
chronic inflammatory state. 
 
PMID: 8677635 [found with GoPubMed] 
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Gastrointestinal Disease in Simian Immunodeficiency  Virus-Infected Rhesus 
Macaques Is Characterized by Proinflammatory Dysreg ulation of the 
Interleukin-6-Janus Kinase/Signal Transducer and Ac tivator of 
Transcription3 Pathway. 
 
Mohan M, Aye PP, Borda JT, Alvarez X, Lackner AA 
 
From the Division of Comparative Pathology, Tulane National Primate 
Research Center, Covington, Louisiana. 
 
Gastrointestinal disease and inflammation are commo n sequelae of human and 
simian immunodeficiency virus (SIV) infection. Neve rtheless, the molecular 
mechanisms that lead to gastrointestinal dysfunctio n remain unclear. We 
investigated regulation of the interleukin (IL)-6-J AK-STAT3 pathway in 
jejunum and colon, collected at necropsy, from 10 S IV-infected macaques 
with diarrhea (group 1), 10 non-SIV-infected macaqu es with diarrhea (group 
2), and 7 control uninfected macaques (group 3). Al l group 1 and 2 macaques 
had chronic diarrhea, wasting, and colitis, but gro up 1 animals had more 
frequent and severe lesions in the jejunum. A signi ficant increase in IL-6 
and SOCS-3 gene expression along with constitutive STAT3 activation was 
observed in the colon of all group 1 and 2 macaques  and in the jejunum of 
only group 1 macaques compared to controls. Further , in colon, 
histopathology severity scores correlated significa ntly with IL-6 (groups 1 
and 2) and SOCS-3 (group 2) gene expression. In jej unum, a similar 
correlation was observed only in group 1 animals. P hosphorylated STAT3 (p-
STAT3) was localized to lymphocytes (CD3(+)) and ma crophages (CD68(+)), 
with fewer CD3(+) lymphocytes expressing p-STAT3 in  group 1 macaques. 
Despite high SOCS-3 expression, STAT3 remained cons titutively active, 
providing a possible explanation for persistent int estinal inflammation and 
immune activation that may favor viral replication and disease pro-
gression. 
 
PMID: 18055558 [found with GoPubMed] 
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Suppressor of cytokine signaling 3 (SOCS3) limits d amage-induced crypt 
hyper-proliferation and inflammation-associated tum origenesis in the colon. 
 
Rigby RJ, Simmons JG, Greenhalgh CJ, Alexander WS, Lund PK 
 
1Department of Cell and Molecular Physiology, Unive rsity of North Carolina, 
Chapel Hill, NC, USA. 



 
Intestinal injury or chronic inflammation induce cy tokines that promote 
crypt regeneration and mucosal repair. If excessive  or prolonged, such 
mechanisms may increase colon cancer risk. Factors that terminate or limit 
cytokine action in intestinal epithelial cells (IEC ) may protect against 
crypt hyperplasia and neoplasia. We hypothesized th at suppressor of 
cytokine signaling-3 (SOCS3) is such a factor. Mice  with Vilin-
promoter/Cre-recombinase (VC)-mediated IEC-specific  SOCS3 gene disruption 
(VC/HO), WT/HO littermates with floxed but intact S OCS3 genes and VC/WT 
mice were studied. Colon was examined after acute d extran sodium sulfate 
(DSS)-induced mucosal injury or after azoxymethane (AOM) and chronic DSS. 
Signaling pathways were examined in colon, cultured  IEC or colon cancer 
cell lines. VC/HO mice showed no basal phenotype. A fter acute DSS, VC/HO 
exhibited enhanced crypt proliferation and crypt hy perplasia and reduced 
transforming growth factor (TGF) beta expression in  colon. Inflammation and 
mucosal damage were similar across genotypes. Follo wing AOM/DSS, VC/HO mice 
had increased size, number and load of colonic tumo rs and increased STAT3 
and nuclear factor-kappa B (NF-kappaB) activation i n colon. In vitro, SOCS3 
overexpression reduced proliferation, IL-6-mediated  STAT3 activation and 
tumor necrosis factor (TNF) alpha-mediated NF-kappa B activation. We 
conclude that cytokine induction of SOCS3 normally provides an intrinsic 
mechanism to limit injury-induced crypt hyperprolif eration and 
inflammation-associated colon cancer by regulating both STAT3 and NF-kappaB 
pathways.Oncogene advance online publication, 12 Fe bruary 2007; 
doi:10.1038/sj.onc.1210286. 
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Increased adipose tissue expression of hepcidin in severe obesity is 
independent from diabetes and NASH. 
 
Bekri S, Gual P, Anty R, Luciani N, Dahman M, Rames h B, Iannelli A, 
Staccini-Myx A, Casanova D, Ben Amor I, Saint-Paul MC, Huet PM, Sadoul JL, 
Gugenheim J, Srai SK, Tran A, Le Marchand-Brustel Y  
 
Laboratoire d'Hépato-Gastroentérologie, EA1186, Fac ulté Médecine de Nice, 
Nice, France. soumeya.bekri@chu-rouen.fr 
 
BACKGROUNDS & AIMS: Hepcidin is an acute-phase resp onse peptide. We have 
investigated the possible involvement of hepcidin i n massive obesity, a 
state of chronic low-grade inflammation. Three grou ps of severely obese 
patients with or without diabetes or nonalcoholic s teatohepatitis were 
investigated. METHODS: Hepcidin expression was stud ied in liver and adipose 
tissue of these patients. Hepcidin regulation was i nvestigated in vitro by 
adipose tissue explant stimulation studies. RESULTS : Hepcidin was expressed 
not only in the liver but also at the messenger RNA  (mRNA) and the protein 
levels in adipose tissue. Moreover, mRNA expression  was increased in 
adipose tissue of obese patients. The presence of d iabetes or NASH did not 
modify the hepcidin expression levels in liver and adipose tissue. In 
adipose tissue, mRNA expression correlated with ind exes of inflammation, 
interleukin-6, and C-reactive protein. Interleukin- 6 also promoted in vitro 
hepcidin expression. A low transferrin saturation r atio was observed in 68% 
of the obese patients; moreover, 24% of these patie nts presented with 
anemia. The observed changes in iron status could b e due to the role of 
hepcidin as a negative regulator of intestinal iron  absorption and 
macrophage iron efflux. Interestingly, a feedback c ontrol mechanism on 
hepcidin expression related to low transferrin satu ration occurred in the 
liver but not in the adipose tissue. CONCLUSIONS: H epcidin is a 



proinflammatory adipokine and may play an important  role in hypoferremia of 
inflammation in obese condition. 
 
PMID: 16952548 [found with GoPubMed] 
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IL-6 induces NF-kappa B activation in the intestina l epithelia. 
 
Wang L, Walia B, Evans J, Gewirtz AT, Merlin D, Sit araman SV 
 
Department of Medicine, Division of Digestive Disea ses, Emory University, 
Atlanta, GA 30322, USA. 
 
IL-6 is a potent proinflammatory cytokine that has been shown to play an 
important role in the pathogenesis of inflammatory bowel disease (IBD). It 
is classically known to activate gene expression vi a the STAT-3 pathway. 
Given the crucial role of IL-6 in the pathogenesis of chronic intestinal 
inflammation, it is not known whether IL-6 activate s NF-kappaB, a central 
mediator of intestinal inflammation. The model inte stinal epithelial cell 
line, Caco2-BBE, was used to study IL-6 signaling a nd to analyze whether 
suppressor of cytokine signaling 3 (SOCS-3) protein s play a role in the 
negative regulation of IL-6 signaling. We show that  IL-6 receptors are 
present in intestinal epithelia in a polarized fash ion. Basolateral IL-6 
and, to a lesser extent, apical IL-6 induces the ac tivation of the NF-
kappaB pathway. Basolateral IL-6 stimulation result s in a maximal induction 
of NF-kappaB activation and NF-kappaB nuclear trans location at 2 h. IL-6 
induces polarized expression of ICAM-1, an adhesion  molecule shown to be 
important in the neutrophil-epithelial interactions  in IBD. Using various 
deletion constructs of ICAM-1 promoter, we show tha t ICAM-1 induction by 
IL-6 requires the activation of NF-kappaB. We also demonstrate that 
overexpression of SOCS-3, a protein known to inhibi t STAT activation in 
response to IL-6, down-regulates IL-6-induced NF-ka ppaB activation and 
ICAM-1 expression. In summary, we demonstrate the a ctivation of NF-kappaB 
by IL-6 in intestinal epithelia and the down-regula tion of NF-kappaB 
induction by SOCS-3. These data may have mechanisti c and therapeutic 
implications in diseases such as IBD and rheumatoid  arthritis in which IL-6 
plays an important role in the pathogenesis. 
 
PMID: 12960348 [found with GoPubMed] 
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Bacterial cell wall polymers promote intestinal fib rosis by direct 
stimulation of myofibroblasts. 
 
van Tol EA, Holt L, Li FL, Kong FM, Rippe R, Yamauc hi M, Pucilowska J, Lund 
PK, Sartor RB 
 
Center for Gastrointestinal Biology and Disease, Un iversity of North 
Carolina, Chapel Hill NC 27599-7080, USA. 
 
Normal luminal bacteria and bacterial cell wall pol ymers are implicated in 
the pathogenesis of chronic intestinal inflammation . To determine the 
direct involvement of bacteria and their products o n intestinal 
fibrogenesis, the effects of purified bacterial cel l wall polymers on 
collagen and cytokine synthesis were evaluated in i ntestinal myofibroblast 
cultures established from normal fetal and chronica lly inflamed cecal 
tissues. In this study, the intestines of Lewis rat s were intramurally 



injected with peptidoglycan-polysaccharide polymers . Collagen and 
transforming growth factor (TGF)-beta1 mRNA levels were measured and 
correlated with mesenchymal cell accumulation by im munohistochemistry. The 
direct effects of cell wall polymers on fibrogenic cytokine and collagen 
alpha1 (type I) expression were evaluated in intest inal myofibroblast 
cultures. We found that intramural injections of ba cterial cell wall 
polymers induced chronic granulomatous enterocoliti s with markedly 
increased collagen synthesis and concomitant increa sed TGF-beta1 and 
interleukin (IL)-6 expression. Intestinal myofibrob last cultures were 
established, which both phenotypically and function ally resemble the 
mesenchymal cells that are involved in fibrosis in vivo. Bacterial cell 
wall polymers directly stimulated collagen alpha1 ( I), TGF-beta1, IL-1beta, 
and IL-6 mRNA expression in the intestinal myofibro blasts derived from both 
normal and inflamed cecum. Neutralization of endoge nous TGF-beta1 inhibited 
in vitro collagen gene expression. From our results , we conclude that 
increased exposure to luminal bacterial products ca n directly activate 
intestinal mesenchymal cells, which accumulate in a reas of chronic 
intestinal inflammation, thus stimulating intestina l fibrosis in 
genetically susceptible hosts. 
 
PMID: 10409173 [found with GoPubMed] 
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Heme oxygenase-1 upregulation protects against inte stinal 
ischemia/reperfusion injury: A laboratory based stu dy. 
 
Wasserberg N, Pileggi A, Salgar SK, Ruiz P, Ricordi  C, Inverardi L, Tzakis 
AG 
 
Department of Surgery, University of Miami School o f Medicine, Miami, FL 
33136, United States. 
 
OBJECTIVES: Tissue damage caused by ischemia/reperf usion injury (IRI) of 
the intestine may lead to organ dysfunction in seve ral clinical conditions, 
and is associated with increased incidence of chron ic rejection after 
transplantation. Heme oxygenase-1 (HO-1) is a stres s-inducible protein 
capable of modulating inflammation, oxidative stres s, and cell death. The 
aim of the present study was to assess the effects of HO-1 upregulation on 
intestinal IRI. METHODS: Lewis rats (seven groups, n=6 each) underwent 
intestinal warm ischemia induced by clamping the su perior mesenteric artery 
and by ligating the inferior mesenteric artery for 60min. After 120 or 
240min of reperfusion, tissue samples were collecte d for analysis. Cobalt 
protoporphyrin (CoPP) was administered IP at 10 or 20mg/kg 24h before IRI, 
to induce HO-1 upregulation. Control animals receiv ed vehicle alone. Tissue 
injury measurements included the following: histolo gical changes, tissue 
myeloperoxidase (MPO) activity, nitrate/nitrite lev els, and IL-6 levels. 
RESULTS: A significant HO-1 upregulation was demons trated in pre-treated 
animals (p<0.05, 95% CI: -0.84 to -0.05). Intestina l IL-6 mRNA expression 
levels were significantly reduced in animals treate d with CoPP 20mg/kg 
after 240min of IRI (p<0.05, 95% CI: 0.09-2.25). Si gnificant reduction in 
MPO activity and NO products was observed in treate d animals when compared 
to controls (p<0.01, 95% CI: 0.07-0.24 and p<0.01, 95% CI: 5.58-12.75, 
respectively). CONCLUSIONS: Induction of HO-1 by Co PP administration before 
IRI was resulted in a significant reduction of inte stinal tissue injury. 
Developing strategies to induce HO-1 upregulation b efore surgery will be 
important to reduce IRI in the clinical setting. 
 
PMID: 17660127 [found with GoPubMed] 
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Repression of repulsive guidance molecule C during inflammation is 
independent of Hfe and involves tumor necrosis fact or-alpha. 
 
Constante M, Wang D, Raymond VA, Bilodeau M, Santos  MM 
 
Centre de Recherche, Centre Hospitalier de l'Univer sité de Montréal, 
Québec, Canada. 
 
Genetic iron overload, or hemochromatosis, can be c aused by mutations in 
HFE, hemojuvelin, and hepcidin genes. Hepcidin, a n egative regulator of 
intestinal iron absorption, is found to be inapprop riately low in both 
patients and in animal models, indicating that prop er control of basal 
hepcidin levels requires both hemojuvelin and HFE. In mice, repulsive 
guidance molecule c (Rgmc, the hemojuvelin mouse or tholog) and hepcidin 
levels are transcriptionally regulated during infla mmation. Here, we report 
that basal Rgmc levels in Hfe-deficient mice are no rmal and that these mice 
retain the ability to suppress Rgmc expression afte r lipopolysaccharide 
(LPS) challenge. Thus, Rgmc regulation by LPS is Hf e-independent. The 
response of Rgmc to LPS involves signaling through toll-like receptor 4 
(Tlr4), because Tlr4-deficient mice do not show alt ered Rgmc expression 
after LPS administration. We further show that tumo r necrosis factor-alpha, 
but not interleukin-6, is sufficient to cause Rgmc down-regulation by LPS. 
These results contrast with previous data demonstra ting that hepcidin 
levels are directly regulated by interleukin-6 but not by tumor necrosis 
factor-alpha. The regulation of iron-related genes by different cytokines 
may allow for time-dependent control of iron metabo lism changes during 
inflammation and may be relevant to chronic inflamm ation, infections, and 
cancer settings, leading to the development of anem ia of chronic disease. 
 
PMID: 17255318 [found with GoPubMed] 
 
 
 
15: Blood Cells Mol Dis 2005;35(1):47-56 
 
Regulation of hepcidin and ferroportin expression b y lipopolysaccharide in 
splenic macrophages. 
 
Liu XB, Nguyen NB, Marquess KD, Yang F, Haile DJ 
 
Audie Murphy Veterans Administration Hospital, Sout h Texas Veterans Health 
Care System, San Antonio, San Antonio, TX 78229, US A. 
 
Acute and chronic inflammatory states are associate d with many changes in 
intracellular iron metabolism including sequestrati on of iron in the 
mononuclear-phagocyte system (MPS) and a decline in  serum iron. Previous 
work in rodent models of acute inflammation has dem onstrated inflammation-
induced downregulation of intestinal and MPS iron e xporter, ferroportin 1, 
mRNA and protein. In addition, these models have al so demonstrated hepatic 
induction of mRNA of the small 25 amino acid peptid e hepcidin. Hepcidin has 
been hypothesized to be the mediator of iron- and i nflammation-induced 
changes in iron metabolism. The molecular details o f the connection between 
iron metabolism, hepcidin and inflammation have bec ome clearer with the 
recent finding of hepcidin-induced internalization and degradation of FPN1. 
The work presented here demonstrates that the lipop olysaccharide-induced 
splenic macrophage FPN1 mRNA downregulation is not dependent upon the 
action of a single cytokine such as IL-6, IL-1 or T NF-alpha because mice 
deficient in these pathways downregulate FPN1 norma lly. Furthermore, 
hepcidin is also synthesized in the spleen of norma l mice and induced by 
lipopolysaccharide. Additionally, in vitro, splenic  adherent cells produce 



hepcidin in response to lipopolysaccharide in an IL -6-dependent manner. 
There appear to be both probable transcriptional an d post-transcriptional 
control of FPN1 expression by lipopolysaccharide-in duced inflammation. The 
former effect is on mRNA expression and is independ ent of hepcidin, whereas 
the latter is IL-6- and hepcidin-dependent. 
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Ischemia-reperfusion of rat liver modulates hepcidi n in vivo expression. 
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The recently identified acute-phase response antimi crobial peptide hepcidin 
has been postulated to maintain iron homeostasis by  modulating iron 
absorption at both the intestinal and macrophage le vels. Hepcidin has also 
been reported to be responsible for anemia associat ed with chronic 
inflammatory diseases, and in anemia in patients wi th hepatic adenomas. 
Since Kupffer cells are known to be the primary con tributor to early-phase 
ischemia-reperfusion injury in the liver and iron i s known to modulate 
Kupffer cell production of proinflammatory cytokine  and reactive oxygen 
species, we investigated hepcidin in vivo expressio n in the well-
established rat partial-liver ischemia-reperfusion model. We found that 
both liver ischemia alone and liver ischemia-reperf usion significantly 
induced serum and liver hepcidin levels. Furthermor e, currently proposed 
mediators of in vivo hepcidin expression, such as i nterleukin-6, signal 
transducers and activators of transcription-family transducers, and 
CCAAT/enhancing binding protein-alpha do not appear  to modulate hepcidin 
expression in the liver ischemia-reperfusion acute inflammatory model. In 
this study we report the first in vivo evidence of liver ischemia and liver 
ischemia-reperfusion modulation of hepcidin express ion. In conclusion, in 
the well-characterized liver ischemia-reperfusion m odel of acute 
inflammation, mechanism(s) other than interleukin-6  signal transduction via 
signal transducers and activators of transcription- 3 may be responsible for 
hepcidin induction. 
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Activation of signal transducer and activator of tr anscription (STAT) 1 in 
human chronic inflammatory bowel disease. 
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Kühbacher T, Hämling J, Fölsch UR, Seegert D 
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BACKGROUND: Increased expression of proinflammatory  cytokines, including 
tumour necrosis factor alpha, interleukin 6, and in terferon gamma, as well 
as activation of proinflammatory signalling molecul es such as nuclear 
factor kappa B, is characteristic of inflammatory b owel disease (IBD). 
AIMS: To investigate expression and activation of s ignal transducer and 



activator of transcription (STAT) 1 in patients wit h IBD. PATIENTS: 
Patients with active IBD (n=42), disease specificit y controls (n=8), and 
normal controls (n=12) were investigated. METHODS: Expression and 
activation of STAT1 were assessed by western blotti ng and electrophoretic 
mobility shift assays in extracts of endoscopic col onic biopsies. Cellular 
localisation was determined by immunohistochemistry . RESULTS: Western blots 
and immunohistochemical staining revealed an increa se in STAT1 expression 
and activation in mucosal samples from ulcerative c olitis and to a lesser 
extend in Crohn's disease patients. High levels of suppressor of cytokine 
signalling (SOCS)-3 expression, an inhibitor of STA T activation, were 
observed in Crohn's disease patients and normal con trols in western blot 
experiments whereas no differences were observed fo r SOCS-1 expression. 
Phosphorylated (p) STAT1 was mainly detected in mon ocytic cells and 
neutrophils in the inflamed mucosa. Induction of re mission by systemic 
glucocorticoids led to a decrease in levels of pSTA T1. In vitro studies 
indicated a direct effect of steroid treatment on S TAT1 activation. 
CONCLUSIONS: Expression and activation of STAT1 are  predominantly 
heightened in ulcerative colitis and may therefore play an important role 
in the pathophysiology of colonic inflammation. 
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The transcription factor NFATc2 controls IL-6-depen dent T cell activation 
in experimental colitis. 
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The nuclear factor of activated T cells (NFAT) fami ly of transcription 
factors controls calcium signaling in T lymphocytes . In this study, we have 
identified a crucial regulatory role of the transcr iption factor NFATc2 in 
T cell-dependent experimental colitis. Similar to u lcerative colitis in 
humans, the expression of NFATc2 was up-regulated i n oxazolone-induced 
chronic intestinal inflammation. Furthermore, NFATc 2 deficiency suppressed 
colitis induced by oxazolone administration. This f inding was associated 
with enhanced T cell apoptosis in the lamina propri a and strikingly reduced 
production of IL-6, -13, and -17 by mucosal T lymph ocytes. Further studies 
using knockout mice showed that IL-6, rather than I L-23 and -17, are 
essential for oxazolone colitis induction. Administ ration of hyper-IL-6 
blocked the protective effects of NFATc2 deficiency  in experimental 
colitis, suggesting that IL-6 signal transduction p lays a major pathogenic 
role in vivo. Finally, adoptive transfer of IL-6 an d wild-type T cells 
demonstrated that oxazolone colitis is critically d ependent on IL-6 
production by T cells. Collectively, these results define a unique 
regulatory role for NFATc2 in colitis by controllin g mucosal T cell 
activation in an IL-6-dependent manner. NFATc2 in T  cells thus emerges as a 
potentially new therapeutic target for inflammatory  bowel diseases. 
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Gp130 signaling promotes development of acute exper imental colitis by 
facilitating early neutrophil/macrophage recruitmen t and activation. 
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IL-6 is known to play a crucial role in the pathoge nesis of chronic 
intestinal inflammation by modulating T cell functi ons. In this study, we 
investigated the role of gp130, the common signal t ransducer for all IL-6 
cytokines, in a murine model of acute T cell indepe ndent colitis to better 
characterize the impact of gp130 on innate immune c ells and the early 
stages of inflammation. Experimental colitis was in duced by dextran sulfate 
sodium treatment of mice with inducible systemic de letion of gp130 
(MxCre/gp130(-/-)), macrophage/neutrophil-specific gp130-deficiency 
(LysCre/gp130(-/-)), or bone marrow chimeric mice a nd compared with wild-
type controls (gp130(f/f)). Systemic deletion of gp 130 (MxCre/gp130(-/-)) 
protected mice from severe colitis and wasting and attenuated the mucosal 
inflammatory infiltrate as well as local cytokine, chemokine, and adhesion 
molecule expression. Experiments in newly generated  macrophage/neutrophil-
specific gp130-deleted animals (LysCre/gp130(-/-)) and gp130 bone marrow 
chimeric mice, revealed a dual mechanism of proinfl ammatory effects 
mediated by gp130. Leukocyte recruitment was impair ed in gp130-deleted 
animals and gp130-deleted recipients of wild-type b one marrow, 
demonstrating a central role of gp130-dependent sig nals in nonmyeloid cells 
for directing leukocytes to sites of inflammation, which was further 
confirmed in a model of sterile peritonitis. In con trast, 
macrophage/neutrophil-specific gp130 deficiency del ayed and attenuated the 
disease but only marginally affected the inflammato ry infiltrate, 
indicating a defective activation of mucosal leukoc ytes. We provide 
evidence that IL-6 cytokines acting via gp130 are r equired in the acute 
stages of intestinal inflammation by modulating the  dynamics of innate 
immune cell recruitment and activation. 
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The transcription factor IFN regulatory factor-4 co ntrols experimental 
colitis in mice via T cell-derived IL-6. 
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The proinflammatory cytokine IL-6 seems to have an important role in the 
intestinal inflammation that characterizes inflamma tory bowel diseases 
(IBDs) such as Crohn disease and ulcerative colitis . However, little is 
known about the molecular mechanisms regulating IL- 6 production in IBD. 
Here, we assessed the role of the transcriptional r egulator IFN regulatory 
factor-4 (IRF4) in this process. Patients with eith er Crohn disease or 
ulcerative colitis exhibited increased IRF4 express ion in lamina propria 
CD3(+) T cells as compared with control patients. C onsistent with IRF4 



having a regulatory function in T cells, in a mouse  model of IBD whereby 
colitis is induced in RAG-deficient mice by transpl antation with 
CD4(+)CD45RB(hi) T cells, adoptive transfer of wild -type but not IRF4-
deficient T cells resulted in severe colitis. Furth ermore, IRF4-deficient 
mice were protected from T cell-dependent chronic i ntestinal inflammation 
in trinitrobenzene sulfonic acid- and oxazolone-ind uced colitis. In 
addition, IRF4-deficient mice with induced colitis had reduced mucosal IL-6 
production, and IRF4 was required for IL-6 producti on by mucosal CD90(+) T 
cells, which it protected from apoptosis. Finally, the protective effect of 
IRF4 deficiency could be abrogated by systemic admi nistration of either 
recombinant IL-6 or a combination of soluble IL-6 r eceptor (sIL-6R) plus 
IL-6 (hyper-IL-6). Taken together, our data identif y IRF4 as a key 
regulator of mucosal IL-6 production in T cell-depe ndent experimental 
colitis and suggest that IRF4 might provide a thera peutic target for IBDs. 
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Differential regulation of gastric tumor growth by cytokines that signal 
exclusively through the coreceptor gp130. 
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Footscray, Australia. 
 
BACKGROUND & AIMS: We have shown that mice with a m utation in gp130 
(gp130(757F/F)), the signal transducing receptor fo r interleukin (IL)-6 
family cytokines, have chronic gastric inflammation  and develop distal 
stomach tumors associated with deregulated phosphor ylated STAT3 expression. 
This model recapitulates many characteristics of in testinal-type gastric 
cancer in humans. METHODS: To evaluate the role of IL-6 and IL-11 as 
ligands regulating tumor growth and submucosal inva sion, we compared tumor 
characteristics of gp130(757F/F) mice with gp130(75 7F/F) mice lacking IL-6 
or mature T and B cells. RESULTS: As a result of th e gp130(757F/F) 
mutation, expression of IL-6 and IL-11 was greatly up-regulated concomitant 
with activation of STAT3 and development of tumors.  However, the lack of 
IL-6 or T and B cells did not impact on tumor growt h. While IL-6 did not 
regulate tumor growth or tumor vascularization, gp1 30(757F/F)/IL-6(-/-) 
mice showed approximately 10-20-fold more submucosa l tumor invasion, 
reduced mononuclear inflammatory cell infiltrate, a nd greater IL-11 and 
matrix metalloproteinase (MMP)-13 and MMP-9 synthes is than gp130(757F/F) 
mice. Expression of MMP-13 was largely restricted t o tumor-associated 
stroma, but MMP-9 was also expressed in polymorphon uclear cells and a 
subset of epithelial cells. In addition, treatment with recombinant IL-11 
stimulated expression of MMP-13 and MMP-9 in stomac hs of wild-type mice. 
CONCLUSIONS: Increased submucosal invasion in gp130 (757F/F)/IL-6(-/-) mice 
could not be explained by increased vascularization  or reduced 
immunosurveillance but was most likely facilitated by augmented 
metalloproteinase activity driven by elevated IL-11  levels. 
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Involvement of IL-6 in the pathogenesis of inflamma tory bowel disease and 
colon cancer. 
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Inflammatory bowel disease (IBD), which consists of  Crohn's disease and 
ulcerative colitis, is defined as a chronic inflamm ation of the 
gastrointestinal tract. The etiopathogenetic mechan isms underlying the 
development of IBD are still not completely underst ood, and the therapeutic 
strategies used thus far have been limited to mostl y evidence-based 
principles. There is growing evidence that the pro- inflammatory cytokine 
interleukin (IL)-6 plays a crucial part in the unco ntrolled intestinal 
inflammatory process, which is a main characteristi c of IBD. There is 
elevated production of IL-6 and its soluble recepto r (sIL-6R) by intestinal 
macrophages and CD4+T-cells. The increased formatio n of IL-6-sIL-6R 
complexes that interact with gp130 on the membrane of CD4+T-cells (trans-
signaling) lead to an increased expression and nucl ear translocation of 
STAT3, which causes the induction of anti-apoptotic  genes, such as Bcl-xl. 
This leads to an augmented resistance of lamina pro pria T-cells to 
apoptosis. The ensuing T-cell expansion contributes  to the perpetuation of 
chronic intestinal inflammation. This understanding  concerning the 
predominant pathogenic role of an IL-6-dependent in flammatory cascade may 
lead to the development of new therapeutic strategi es in the treatment of 
this disease. Recent studies have also suggested a potential role of IL-6-
sIL-6R in the pathogenesis of colon cancer and, the refore, imply a possible 
novel therapeutic strategy targeting the sIL-6R and  ensuing IL-6 trans-
signaling. 
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Cytokine mediated rapid reversal of epithelial inva sion in a mouse model of 
microbially-induced colon carcinoma. 
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Chronic inflammation of mucosal surfaces renders th em increasingly 
susceptible to epithelial cancers both in humans an d mice. We have 
previously shown that anti-inflammatory CD4+CD45RBl oCD25+ regulatory (Treg 
or T(R)) lymphocytes down-regulate inflammation and  block development of 
bacteria-triggered colitis and colorectal carcinoma  (CRC) in 129/SvEv Rag2-
/- mice. Interestingly, CD4+CD25+ cells from Interl eukin (IL)-10-deficient 
cell donors not only failed to suppress carcinogene sis but instead promoted 
invasive mucinous colonic carcinoma in male mice. H ere we show that 
peritoneal invasion by mucinous carcinoma arose rap idly and consistently 
after treatment with IL10-/- T(R) cells, which were  found to express Foxp3+ 
and localize throughout tumor tissue. Carcinogenesi s was dependent on IL-6 
and rapidly reversible by transfer of wild type IL1 0-competent T(R) cells. 
Likewise, treatment with IL10-Ig fusion protein was  sufficient to revert 
the lesions histologically and restore inflammatory  cytokine and oncogene 
expression levels to base line levels. These studie s indicate an essential 
role for IL-6 in this male predominant CRC phenotyp e. Interleukin-10-
competent T(R) cells are important for constructive  remodeling of bowel 
following tumorigenic microbial insults. These data  provide insights into 
etiopathogenesis of inflammation-associated epithel ial invasion and 
maintenance of epithelial homeostasis. 
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[Molecular biology background of inflammatory bowel  disease] 
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The exact pathological background of inflammatory b owel disease has not 
been clarified yet. Many aspects of genetical and e nvironmental factors, as 
well as certain alterations of the functions of epi thelial cells and 
immunoregulation which may attenuate chronic inflam mation in the 
gastrointestinal tract are known. These three compo nents have many 
connecting points. Among the inflammatory bowel dis ease genes we know only 
the function of the NOD2/CARD gene, and we have som e idea about the OCTN 
and DRG genes. The function of the intestinal epith elial cells is changed 
in inflammatory bowel disease. The latter two genes  may have a role in the 
increased permeability, so as the tumor necrosis fa ctor alpha, interferon 
gamma may play affect it. The interleukin-10 helps the mucosal integrity. 
The interleukin-6 production is elevated in these d iseases, and the 
interleukin-8 level can be elevated in case of muta tion of toll like 
receptor 5. The tumor necrosis factor alpha, interf eron gamma and 
lymphotoxin-3-alpha increased the chemokine secreti on and adhesion molecule 
expression also. The amount of certain cytokines ar e changed in 
inflammatory bowel disease. There were no associati on between the incidence 
and phenotype of Crohn's disease and cytokine gene polymorphisms, except 
the interleukin 6 gene. It seems that these alterat ions are secondary, and 
don't play a major role in the pathogenesis of infl ammatory bowel disease. 
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Interleukin-1beta (IL-1beta) and IL-6 modulate insu lin-like growth factor-
binding protein (IGFBP) secretion in colon cancer e pithelial (Caco-2) 
cells. 
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Chronic inflammation is characterised by modificati ons in cytokine 
concentrations, whereas growth is mainly dependent on the GH-IGF axis. IGF-
I bioavailability is modulated by a family of IGF-b inding proteins 
(IGFBPs). The aim of the present study was to evalu ate the interactions 
among interleukin-1beta (IL-1beta), IL-6 and IGFBP secretion by intestinal 
cells to assess whether cytokines modulate IGFBP se cretion, and in turn 
IGF-I and IGF-II bioavailability. The human colon c arcinoma derived cell 
line Caco-2 was used as an in vitro model for its c apacity to differentiate 
spontaneously. Experiments were carried out on day 4 (undifferentiated 
state) and day 14 (differentiated state) after plat ing. Carcinoembryonic 
antigen (CEA) was used as a marker of differentiati on and increased in the 
conditioned media (CM) from days 4 to 14 (0.2+/-0.0 1 ng/ml per 10(5) cells 



vs 3.3+/-0.2 ng/ml per 10(5) cells, P<0.05). IGFBP- 2 and IGFBP-4 secretion 
decreased concomitantly. Cells were stimulated with  IL-1beta and IL-6 at 1, 
10 and 50 ng/ml, and with IL-1beta and IL-6 in comb ination at the same dose 
of 1 and 10 ng/ml. IGF-I at 50 ng/ml was used as a control. Caco-2 cells 
expressed and secreted mainly IGFBP-2 and IGFBP-4 i nto the CM. On day 4, 
IL-1beta (1 ng/ml) and IL-6 (10 and 50 ng/ml) reduc ed IGFBP-2 by 29+/-8%, 
and by 32+/-9 and 38+/-8% respectively (P<0.05). IG FBP-4 was also reduced 
by IL-1beta at 1 and 50 ng/ml (-14+/-4% and -46+/-1 1% vs serum free medium 
(SFM) respectively, P<0.05), and IL-6 at 50 ng/ml ( -46+/-15%, P<0.05). Both 
IGFBP-2 and IGFBP-4 were reduced by IL-1beta and IL -6 in combination at 1 
and 10 ng/ml (P<0.05). On day 14, IGFBP-2 band inte nsity was reduced at 10 
ng/ml of IL-1beta (-22+/-15% vs SFM, P<0.05) and at  50 ng/ml of both 
cytokines (-33%+/-8% and -13%+/-13% vs baseline res pectively, P<0.05). 
IGFBP-4 band intensity decreased with 10 and 50 ng/ ml of IL-1beta (-35+/-
11% and -46+/-15% vs SFM respectively) and IL-6 (-3 6%+/-10% and -46+/-15% 
vs SFM respectively). IL-1beta and IL-6 in combinat ion at 1 and 10 ng/ml 
reduced both IGFBP-2 and IGFBP-4.In conclusion, IGF BP-2 and IGFBP-4 
secretion in CM decreased with Caco-2 cell differen tiation. IGFBP-2 and 
IGFBP-4 were significantly decreased by IL-1beta an d IL-6 treatment in both 
the undifferentiated and differentiated state. Furt hermore, these cytokines 
increased cell proliferation whereas total protein content was 
significantly reduced only at the higher concentrat ions of IL-6 and IL-
1beta. These findings suggest that interleukins mod ulate the IGF-IGFBP 
system in Caco-2 cells in vitro. 
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Hematopoietic, immunomodulatory and epithelial effe cts of interleukin-11. 
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Interleukin 11 (IL-11) is a pleiotropic cytokine wi th biological activities 
on many different cell types. Recombinant human IL- 11 (rhIL-11) is produced 
by recombinant DNA technology in Escherichia coli. Both in vitro and in 
vivo, rhIL-11 has shown effects on multiple hematop oietic cell types. Its 
predominant in vivo hematopoietic activity is the s timulation of peripheral 
platelet counts in both normal and myelosuppressed animals. This activity 
is mediated through effects on both early and late progenitor cells to 
stimulate megakaryocyte differentiation and maturat ion. rhIL-11 has been 
approved for the treatment of chemotherapy-induced thrombocytopenia. The 
hematopoietic effects of rhIL-11 are most likely di rect effects on 
progenitor cells and megakaryocytes in combination with other cytokines or 
growth factors. rhIL-11 also induces secretion of a cute phase proteins 
(ferritin, haptoglobin, C-reactive protein, and fib rinogen) from the liver. 
The induction of heme oxidase and inhibition of sev eral P450 oxidases have 
been reported from in vitro studies. In vivo, rhIL- 11 treatment decreases 
sodium excretion by the kidney by an unknown mechan ism and induces 
hemodilution. rhIL-11 also exhibits anti-inflammato ry effects in a variety 
of animal models of acute and chronic inflammation,  including inflammatory 
bowel disease, inflammatory skin disease, autoimmun e joint disease, and 
various infection-endotoxemia syndromes. rhIL-11 ha s trophic effects on 
non-transformed intestinal epithelium under conditi ons of mucosal damage. 
The mechanism of the anti-inflammatory activity of rhIL-11 has been 
extensively studied. rhIL-11 directly affects macro phage and T cell 
effector function. rhIL-11 inhibits tumor necrosis factor-alpha (TNF 
alpha), interleukin 1beta (IL-1beta), interleukin 1 2 (IL-12), interleukin 6 
(IL-6), and nitric oxide (NO) production from activ ated macrophages in 



vitro. The inhibition of cytokine production was as sociated with inhibition 
of nuclear translocation of the transcription facto r, nuclear factor kappa 
B (NF-kappaB). The block to NF-kappaB nuclear trans location correlates with 
the ability of rhIL-11 to maintain or enhance produ ction of the inhibitors 
of NF-kappaB, IkappaB-alpha and IkappaB-beta. In ad dition to effects on 
macrophages, rhIL-11 also reduces CD4+ T cell produ ction of Th1 cytokines, 
such as IFN gamma induced by IL-12, while enhancing  Th2 cytokine 
production. rhIL-11 also blocks IFN gamma productio n in vivo. The molecular 
effects of rhIL-11 have also been studied in a clin ical trial. Molecular 
analysis of skin biopsies of patients with psoriasi s before and during 
rhIL-11 treatment demonstrates a decrease in mRNA l evels of TNF alpha, IFN 
gamma and iNOS. These activities suggest that in ad dition to its 
thrombopoietic clinical use, rhIL-11 may also be va luable in the treatment 
of inflammatory diseases. The clinical utility of t he anti-inflammatory 
properties of rhIL-11 is being investigated in pati ents with Crohn's 
disease, psoriasis and rheumatoid arthritis. These diseases are believed to 
be initiated and maintained by activated CD4+ Th1 c ells in conjunction with 
activated macrophages. 
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Nrf2-deficient mice have an increased susceptibilit y to dextran sulfate 
sodium-induced colitis. 
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Inflammatory bowel diseases, chronic inflammatory d isorders, have been 
strongly linked with an increased risk of the devel opment of colorectal 
cancer. Understanding the etiology of these disease s is pivotal for the 
improvement of currently available strategies to fi ght against inflammatory 
bowel disease, and more importantly, to prevent col orectal cancer. Nuclear 
factor-erythroid 2-related factor 2 (Nrf2) has been  known to be a 
transcriptional factor which plays a crucial role i n cytoprotection against 
inflammation, as well as oxidative and electrophili c stresses. The aim of 
this study is to investigate the role of Nrf2 in th e regulation of dextran 
sulfate sodium (DSS)-induced experimental colitis i n mice. Nrf2-deficient 
mice were found to be more susceptible to DSS-induc ed colitis as shown by 
the increased severity of colitis following 1 week of oral administration 
of 1% DSS. The increased severity of colitis in Nrf 2(-/-) mice was found to 
be associated with decreased expression of antioxid ant/phase II detoxifying 
enzymes including heme-oxygenase-1, NAD(P)H-quinone  reductase-1, UDP-
glucurosyltransferase 1A1, and glutathione S-transf erase Mu-1. In addition, 
proinflammatory mediators/cytokines such as COX-2, inducible nitric oxide, 
interleukin 1beta, interleukin 6, and tumor necrosi s factor alpha were 
significantly increased in the colonic tissues of N rf2(-/-) mice compared 
with their wild-type (Nrf2+/+) counterparts. In sum mary, we show for the 
first time that mice lacking Nrf2 are more suscepti ble to DSS-induced 
colitis. Our data suggests that Nrf2 could play an important role in 
protecting intestinal integrity, through regulation  of proinflammatory 
cytokines and induction of phase II detoxifying enz ymes. 
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Interleukin (IL)-4 and IL-17 synergistically stimul ate IL-6 secretion in 
human colonic myofibroblasts. 
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There is increasing evidence that interleukin (IL)- 4 can aid in Th1-type 
inflammatory responses in chronic colitis models. I n this study, we 
evaluated the effects of IL-4 and/or IL-17 on IL-6 secretion in human 
colonic myofibroblasts. IL-6 secretion was determin ed by ELISA and Northern 
blotting. IL-6 secretion was rapidly induced by eit her IL-4 or IL-17. IL-17 
induced IL-6 mRNA expression within 1 h after stimu lation, and reached a 
maximum at 3 h. IL-6 mRNA induction by IL-4 occurre d more rapidly. A 
maximum induction of IL-6 mRNA by IL-4 was observed  at 1 h after 
stimulation, and this was rapidly decreased. The co mbination of IL-4 plus 
IL-17 greatly enhanced IL-6 secretion and mRNA expr ession. In conclusion, 
IL-4, in particular IL-4 plus IL-17, induced IL-6 s ecretion in human 
colonic myofibroblasts. Th2 immune responses might play an important role 
in the pathogenesis of gut inflammation. 
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Vasoactive intestinal peptide (VIP) and pituitary a denylate cyclase-
activating polypeptide (PACAP) are two mediators sy nthesized by immune 
cells, specially under inflammatory and antigen sti mulation conditions. 
Reports have shown that neuropeptides attenuate the  deleterious 
consequences of septic shock both by down-regulatin g the production of 
proinflammatory mediators and by stimulating the pr oduction of anti-
inflammatory cytokines by activated macrophages. In  this study, we used a 
knockout for the PACAP receptor (PAC1(-/-)) to demo nstrate an important 
protective role for PAC1 receptor in endotoxic shoc k. Moreover, our results 
indicate that PAC1 receptor acts in vivo as an anti -inflammatory receptor, 
at least in part, by attenuating lipopolysaccharide  (LPS)-induced 
production of proinflammatory IL-6, which appears t o be the main cytokine 
regulating the expression of the majority of the ac ute phase protein genes, 
which are an important deleterious component of sep tic shock. Besides, our 
findings point to endogenously produced VIP and PAC AP as participants of 
the natural anti-inflammatory machinery. Because VI P and PACAP are two 
attractive candidates for the development of therap ies against acute and 
chronic inflammatory diseases, septic shock, and au toimmune diseases, this 
paper represents a contribution to the understandin g of the mechanism of 
action of these anti-inflammatory agents. 
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