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IL-17 stimulates MMP-1 expression in primary human cardiac fibroblasts via
p38 MAPK- and ERK1/2-dependent C/EBP-beta , NF-kappaB, and AP-1
activation.
Cortez DM, Feldman MD, Mummidi S, Valente AJ, Steffensen B, Vincenti M, Barnes JL,
Chandrasekar B.
Department of Veterans Affairs South Texas Veterans Health Care System, The University of Texas
Health Science Center, 7703 Floyd Curl Drive, San Antonio, TX 782293900, USA.
Matrix metalloproteinases (MMPs) degrade collagen and mediate tissue remodeling. The novel
cytokine IL17 is expressed during various inflammatory conditions and modulates MMP
expression. We investigated the effect of IL17 on MMP1 expression in primary human cardiac
fibroblasts (HCF) and delineated the signaling pathways involved. HCF were treated with
recombinant human IL17. MMP1 expression was analyzed by Northern blotting, RTquantitative
PCR, Western blotting, and ELISA; transcriptional induction and transcription factor binding by
EMSA, ELISA, and reporter assay; and p38 MAPK and ERK1/2 activation by protein kinase assays
and Western blotting. Signal transduction pathways were investigated using pharmacological
inhibitors, small interfering RNA (siRNA), and adenoviral dominantnegative expression vectors.
IL17 stimulated MMP1 gene transcription, net mRNA levels, protein, and promoterreporter
activity in HCF. This response was blocked by IL17 receptorFc chimera and IL17 receptor
antibodies, but not by IL6, TNFalpha, or IL1beta antibodies. IL17stimulated type I collagenase
activity was inhibited by the MMP inhibitor GM6001 and by siRNAmediated MMP1 knockdown.
IL17 stimulated activator protein1 [AP1 (cFos, cJun, and Fra1)], NFkappaB (p50 and p65),
and CCAAT enhancerbinding protein (C/EBP)beta DNA binding and reporter gene activities,
effects attenuated by antisense oligonucleotides, siRNAmediated knockdown, or expression of
dominantnegative signaling proteins. Inhibition of AP1, NFkappaB, or C/EBP activation
attenuated IL17stimulated MMP1 expression. IL17 induced p38 MAPK and ERK1/2 activation,
and inhibition by SB203580 and PD98059 blunted IL17mediated transcription factor activation
and MMP1 expression. Our data indicate that IL17 induces MMP1 in human cardiac fibroblasts
directly via p38 MAPK and ERKdependent AP1, NFkappaB, and C/EBPbeta activation and
suggest that IL17 may play a critical role in myocardial remodeling.
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Oxacyclododecindione, a novel inhibitor of IL-4 signaling from Exserohilum
rostratum.
Erkel G, Belahmer H, Serwe A, Anke T, Kunz H, Kolshorn H, Liermann J, Opatz T.
Department of Biotechnology, University of Kaiserslautern, Kaiserslautern, Germany.
erkel@ibwf.de
In a screening program for new metabolites from fungi inhibiting the IL4 mediated signal
transduction, a novel chlorinated macrocyclic lactone, designated as oxacyclododecindione, was
isolated from fermentations of the imperfect fungus Exserohilum rostratum. The structure was
determined by a combination of spectroscopic techniques. Oxacyclododecindione inhibits the IL4
induced expression of the reporter gene secreted alkaline phosphatase (SEAP) in transiently
transfected HepG2 cells with IC50 values of 2025 ng/ml (5467.5 nM). Studies on the mode of
action of the compound revealed that the inhibition of the IL4 dependent signaling pathway is
caused by blocking the binding of the activated STAT6 transcription factors to the DNA binding site
without inhibiting tyrosine phosphorylation. The compound has no antibacterial or antifungal
activity.
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ERK1 and ERK2 activate CCAAAT/enhancer-binding protein-beta-dependent
gene transcription in response to interferon-gamma.
Hu J, Roy SK, Shapiro PS, Rodig SR, Reddy SP, Platanias LC, Schreiber RD, Kalvakolanu
DV.
Greenebaum Cancer Center, Department of Microbiology and Immunology, Molecular and Cellular
Biology Program, University of Maryland School of Medicine, Baltimore, Maryland 21201, USA.
Interferons (IFNs) regulate the expression of a number of cellular genes by activating the JAK
STAT pathway. We have recently discovered that CCAAAT/enhancerbinding proteinbeta (C/EBP
beta) induces gene transcription through a novel IFN response element called the gammaIFN
activated transcriptional element (Roy, S. K., Wachira, S. J., Weihua, X., Hu, J., and Kalvakolanu,
D. V. (2000) J. Biol. Chem. 275, 1262612632. Here, we describe a new IFNgammastimulated
pathway that operates C/EBPbetaregulated gene expression independent of JAK1. We show that
ERKs are activated by IFNgamma to stimulate C/EBPbetadependent expression. Sustained ERK
activation directly correlated with C/EBPbetadependent gene expression in response to IFN
gamma. Mutant MKK1, its inhibitors, and mutant ERK suppressed IFNgammastimulated gene
induction through the gammaIFNactivated transcriptional element. Ras and Raf activation was not
required for this process. Furthermore, Raf1 phosphorylation negatively correlated with its activity.
Interestingly, C/EBPbetainduced gene expression required STAT1, but not JAK1. A C/EBPbeta
mutant lacking the ERK phosphorylation site failed to promote IFNstimulated gene expression.
Thus, our data link C/EBPbeta to IFNgamma signaling through ERKs.
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Interleukin-1beta induces MMP-9 expression via p42/p44 MAPK, p38 MAPK,
JNK, and nuclear factor-kappaB signaling pathways in human tracheal smooth
muscle cells.
Liang KC, Lee CW, Lin WN, Lin CC, Wu CB, Luo SF, Yang CM.
Department of Physiology and Pharmacology, Chang Gung University, KweiSan, TaoYuan,
Taiwan.
Matrix metalloproteinases (MMPs) are responsible for degradation of extracellular matrix and play
important roles in cell migration, proliferation, and tissue remodeling related to airway
inflammation. Interleukin1beta (IL1beta) has been shown to induce MMP9 production in many
cell types and contribute to airway inflammatory responses. However, the mechanisms underlying
MMP9 expression induced by IL1beta in human tracheal smooth muscle cells (HTSMCs) remain
unclear. Here, we investigated the roles of p42/p44 MAPK, p38 MAPK, JNK, and NFkappaB
pathways for IL1betainduced MMP9 production in HTSMCs. IL1beta induced production of
MMP9 protein and mRNA in a time and concentrationdependent manner determined by
zymographic, Western blotting, and RTPCR analyses, which was attenuated by inhibitors of
MEK1/2 (U0126), p38 MAPK (SB202190), JNK (SP600125), and NFkappaB (helenalin), and
transfection with dominant negative mutants of MEK1/2, p38 and JNK, respectively. IL1beta
stimulated phosphorylation of p42/p44 MAPK, p38 MAPK, and JNK was attenuated by
pretreatment with U0126, SB202190, SP600125, or transfection with these dominant negative
mutants of MEK, ERK, p38 and JNK, respectively. Furthermore, IL1betastimulated translocation
of NFkappaB into the nucleus and degradation of IkappaBalpha was blocked by helenalin. Finally,
the reporter gene assay revealed that MAPKs and NFkappaB are required for IL1betainduced
MMP9 luciferase activity in HTSMCs. MMP9 promoter activity was enhanced by IL1beta in
HTSMCs transfected with MMP9Luc, which was inhibited by helenalin, U0126, SB202190, and
SP600125. Taken together, the transcription factor NFkappaB, p42/p44 MAPK, p38 MAPK, and
JNK that are involved in MMP9 expression in HTSMCs exposed to IL1beta have now been
identified.
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Synthesis and evaluation of 2-{[2-(4-hydroxyphenyl)-ethyl]amino}pyrimidine-5carboxamide derivatives as novel STAT6 inhibitors.
Nagashima S, Yokota M, Nakai E, Kuromitsu S, Ohga K, Takeuchi M, Tsukamoto S, Ohta M.
Institute for Drug Discovery Research, Astellas Pharm Inc., 216, Kashima, Yodogawaku, Osaka
5328514, Japan. shinya.nagashima@jp.astellas.com
The STAT6 (signal transducers and activators of transcription 6) protein is activated by interleukin
(IL)4 and IL13, and plays an important role in Thelper cell 2 (Th2) differentiation. STAT6 might
therefore be an excellent therapeutic target for various allergic conditions, including asthma and
atopic diseases. We synthesized a series of 2{[2(4hydroxyphenyl)ethyl]amino}pyrimidine5
carboxamide derivatives and evaluated their STAT6 inhibitory activities. Among these compounds,
4(benzylamino)2{[2(3chloro4hydroxyphenyl)ethyl]amino}pyrimidine5carboxamide (2t,
AS1517499) showed potent STAT6 inhibition with an IC(50) value of 21 nM, and also inhibited
IL4induced Th2 differentiation of mouse spleen T cells with an IC(50) value of 2.3 nM and
without influencing Thelper cell 1 (Th1) differentiation induced by IL12.
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Identification of 4-benzylamino-2-[(4-morpholin-4ylphenyl)amino]pyrimidine-5-carboxamide derivatives as potent and orally
bioavailable STAT6 inhibitors.
Nagashima S, Nagata H, Iwata M, Yokota M, Moritomo H, Orita M, Kuromitsu S, Koakutsu
A, Ohga K, Takeuchi M, Ohta M, Tsukamoto S.
Drug Discovery Research, Astellas Pharma Inc., 216, Kashima, Yodogawaku, Osaka 5328514,
Japan. shinya.nagashima@jp.astellas.com
Signal transducers and activators of transcription 6 (STAT6) is a key regulator of the type 2 helper T
(Th2) cell immune response and a potential therapeutic target for allergic diseases such as asthma
and atopic diseases. To search for potent and orally bioavailable STAT6 inhibitors, we synthesized a
series of 4benzylaminopyrimidine5carboxamide derivatives and evaluated their STAT6 inhibitory
activities. Among these compounds, 2[(4morpholin4ylphenyl)amino]4[(2,3,6
trifluorobenzyl)amino]pyrimidine5carboxamide (25y, YM341619, AS1617612) showed potent
STAT6 inhibition with an IC(50) of 0.70nM, and also inhibited Th2 differentiation in mouse spleen
T cells induced by interleukin (IL)4 with an IC(50) of 0.28 nM without affecting type 1 helper T
(Th1) cell differentiation induced by IL12. In addition, compound 25y showed an oral
bioavailability of 25% in mouse.
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Structure of the AML1-ETO eTAFH domain-HEB peptide complex and its
contribution to AML1-ETO activity.
Park S, Chen W, Cierpicki T, Tonelli M, Cai X, Speck NA, Bushweller JH.
Department of Molecular Physiology and Biological Physics, University of Virginia, Charlottesville,
VA 22908, USA.
AML1ETO is the chimeric protein product of the t(8;21) in acute myeloid leukemia. The ETO
portion of the fusion protein includes the eTAFH domain, which is homologous to several TATA
binding proteinassociated factors (TAFs) and interacts with E proteins (E2A and HEB). It has been
proposed that AML1ETOmediated silencing of E protein function might be important for t(8;21)
leukemogenesis. Here, we determined the solution structure of a complex between the AML1ETO
eTAFH domain and an interacting peptide from HEB. On the basis of the structure, key residues in
AML1ETO for HEB association were mutated. These mutations do not impair the ability of
AML1ETO to enhance the clonogenic capacity of primary mouse bone marrow cells and do not
eliminate its ability to repress proliferation or granulocyte differentiation. Therefore, the eTAFHE
protein interaction appears to contribute relatively little to the activity of AML1ETO.
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Interleukin-4-induced transcriptional activation by stat6 involves multiple
serine/threonine kinase pathways and serine phosphorylation of stat6.
Pesu M, Takaluoma K, Aittomäki S, Lagerstedt A, Saksela K, Kovanen PE, Silvennoinen O.
Laboratory of Molecular Immunology, Department of Pathology, Laboratory of Molecular
Medicine, Institute of Medical Technology, University of Tampere, and the Department of Clinical
Microbiology, Tampere University Hospital, Finland.
Stat6 transcription factor is a critical mediator of IL4specific gene responses. Tyrosine
phosphorylation is required for nuclear localization and DNA binding of Stat6. The authors
investigated whether Stat6dependent transcriptional responses are regulated through IL4induced
serine/threonine phosphorylation. In Ramos B cells, the serine/threonine kinase inhibitor H7
inhibited IL4induced expression of CD23. Treatment with H7 did not affect IL4Rmediated
immediate signaling events such as tyrosine phosphorylation of Jak1, Jak3, insulin receptor
substrate (IRS)1 and IRS2, or tyrosine phosphorylation and DNA binding of Stat6. To analyze
whether the H7sensitive pathway was regulating Stat6activated transcription, we used reporter
constructs containing different IL4 responsive elements. H7 abrogated Stat6, as well as Stat5,
mediated reporter gene activation and partially reduced C/EBPdependent reporter activity. By
contrast, IL4induced transcription was not affected by wortmannin, an inhibitor of the
phosphatidylinositol 3'kinase pathway. Phosphoamino acid analysis and tryptic phosphopeptide
maps revealed that IL4 induced phosphorylation of Stat6 on serine and tyrosine residues in Ramos
cells and in 32D cells lacking endogenous IRS proteins. However, H7 treatment did not inhibit the
phosphorylation of Stat6. Instead, H7 inhibited the IL4induced phosphorylation of RNA
polymerase II. These results indicate that Stat6induced transcription is dependent on
phosphorylation events mediated by H7sensitive kinase(s) but that it also involves serine
phosphorylation of Stat6 by an H7insensitive kinase independent of the IRS pathway.
(Blood. 2000;95:494502)
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p38 Mitogen-activated protein kinase regulates interleukin-4-induced gene
expression by stimulating STAT6-mediated transcription.
Pesu M, Aittomäki S, Takaluoma K, Lagerstedt A, Silvennoinen O.
Institute of Medical Technology, University of Tampere, FIN33014 Tampere, Finland.
STAT6 functions as a critical mediator of IL4stimulated gene activation, and the function of
STAT6 is regulated by both tyrosine and serine kinase activities. Here we analyzed the role of serine
phosphorylation in regulation of STAT6mediated transcription. Optimal transcriptional response of
IL4inducible promoters requires costimulatory signals through CD40stimulated intracellular
kinases such as p38 MAPK. We found that the p38 MAPK inhibitor SB202190 as well as the
dominant negative p38 MAPK inhibited interleukin (IL)4 regulated expression of CD23 in Ramos
B cells. IL4 stimulation did not stimulate p38 MAPK activity, but inhibition of p38 MAPK activity
directly correlated with inhibition of IL4induced gene activation. Dissection of individual
response elements on IL4regulated promoter showed that C/EBP betamediated transcription was
insensitive to SB202190 treatment in B cells whereas STAT6mediated transcription was regulated
by p38 MAPK. The IL4induced immediate activation events of STAT6 were not affected by p38
MAPK activity. Furthermore, phosphoamino acid analysis and phosphopeptide mapping indicated
that STAT6 is not a direct substrate for p38 MAPK. Instead, p38 MAPK was found to directly
regulate the activity of the transactivation domain of STAT6. These results show that, in addition to
the well established proinflammatory effects, p38 MAPK also provides a costimulatory signal for
IL4induced gene responses by directly stimulating the transcriptional activation of STAT6.
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IL-4-induced Stat6 activities affect apoptosis and gene expression in breast
cancer cells.
Zhang WJ, Li BH, Yang XZ, Li PD, Yuan Q, Liu XH, Xu SB, Zhang Y, Yuan J, Gerhard GS,
Masker KK, Dong C, Koltun WA, Chorney MJ.
Department of Immunology, Tongji Medical College, Huazhong University of Science and
Technology, 13 Hangkong Road, Wuhan, Hubei 430030, China. zhangwj82@yahoo.com
IL4induced Stat6 signaling is active in a variety of cell types, including immune cells and cancer
cells, and plays an important role in the regulation of gene expression. Using EMSA gel shift assay
and an antibody to Stat6, we phenotyped two breast cancer cell lines, ZR751 being active
Stat6(high) phenotype and BT20 being defective Stat6(null) phenotype, respectively. Breast cancer
cells carrying Stat6(null) phenotype exhibited increased spontaneous apoptosis compared with those
carrying Stat6(high) phenotype. Expression microarray analyses demonstrated that IL4 upregulated
CCL26, SOCS1, CISH, EGLN3, and SIDT1, and downregulated DUSP1, FOS, and FOSB,
respectively, in these breast cancer cells. Among those genes, CCL26 and SOCS1 were known
genes regulated by IL4/Stat6 pathway, but CISH, EGLN3, SIDT1, DUSP1, FOS, and FOSB were
novel genes demonstrated to be IL4 responsive for the first time. IL4 also upregulated 38 genes
unique to Stat6(null) BT20 cells and 23 genes unique to Stat6(high) ZR751 cells, respectively.
Furthermore, Stat6(high) and Stat6(null) cells showed very different profiles of constitutively
expressed genes relevant to apoptosis and metastasis among others, which serve as a valuable
expression database and warrant for detailed studies of IL4/Stat6 pathway in breast cancer.
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[Impact of STAT6 signaling pathway blockade on apoptosis of human colon
cancer cells]
[Article in Chinese]
Zhang MS, Zhou YF, Xie CH, Zhang WJ, Zhou FX, Qu XJ.
Depmartment of Cancer RadioChemotherapy, Zhongnan Hospital of Wuhan University, Wuhan
430071, China.
OBJECTIVE: To investigate the relationship between the signal transducer and activator of
transcription 6 (STAT6) and human colon cancer.
METHODS: Four STAT6specific recombinant plasmid vectors, pshRNASTAT61, 2, 3, and 4
were constructed and transfected into the cultured human colon cancer cells of the line HT29.
Seventytwo hours later RTPCR was used to detect the mRNA expression of STAT6 and the
apoptosisrelated genes Bcl2 and Bax, flow cytometry (FCM) was used to detect the protein
expression of phophoSTAT6 (pSTAT6). HT29 cells were inoculated into a plate and transfected
with pshRNASTAT61 or pshRNASTAT64, and HT29 cells without transfection were used as
controls. Seventytwo hours later FCM was used to observe the cell apoptosis. Another HT29 cells
were inoculated into a plate and transfected with pshRNASTAT61 or pshRNASTAT64, or blank
liposome as controls. Seventytwo hours later. Western blotting was used to detect the protein
expression of Bcl2 and Bax genes.
RESULTS: The pSTAT6 protein expression rate was 3.2% +/ 0.6% in the pshRNASTAT61
group, significantly lower than that of the blank control group (18.2% +/ 0.9%, P < 0.01) with an
inhibition rate of 82.4%, and was 7.9% +/ 0.4% in the pshRNASTAT64 group, significantly lower
than that in the blank control group too (P < 0.01) with an inhibition rate of 56.6%. And the p
STAT6 protein expression rates of the pshRNASTAT62 and pshRNASTAT63 groups were
16.6% +/ 0.5% and 17.1% +/ 0.7% respectively, both not significant different from that of the
blank control group (both P > 0.05). The early cell apoptosis rates of the pshRNASTAT61 and
pshRNASTAT64 groups were 13.0% and 8.8% respectively, both significantly higher than that of
the blank control group (0.4%, both P < 0.05). The mRNA expression of Bcl2 was significantly
lower and the mRNA expression of Bax was significantly higher in the pshRNASTAT61 and
pshRNASTAT64 groups than in the blank control and blank liposome groups (all P < 0.01). The
protein expression patterns of Bcl2 and Bax was consistent with that of their protein expression.
CONCLUSION: STAT6 signaling pathway inhibits the apoptosis of colon cancer cells by regulation
of the Bcl2 and Bax genes.

http://www.ncbi.nlm.nih.gov/pubmed/16732981

Chin Med J (Engl). 2006 May 20;119(10):8018.

Apoptosis induced by short hairpin RNA-mediated STAT6 gene silencing in
human colon cancer cells.
Zhang MS, Zhou YF, Zhang WJ, Zhang XL, Pan Q, Ji XM, Luo ZG, Wu JP.
Department of Cancer RadioChemotherapy, Zhongnan Hospital, Wuhan University, Wuhan
430071, China. zms75@163.com
BACKGROUND: The relationship between signal transduction and tumors has become one of the
foci in cancer research. Signal transducer and activator of the transcription 6 (STAT6) signaling
pathway is found to be activated in some cancer cells. But the function of the pathway in cancer
cells is unknown. This study was undertaken to investigate the effect of the Stat6 signaling pathway
on apoptosis in human colon cancer cells (HT29 cells) and the possible mechanism of Stat6 by
RNA interference techniques.
METHODS: Four eukaryotic expression plasmid vectors of short hairpin RNA (shRNA) specific for
the STAT6 gene were designed and generated by molecular biological technology. The plasmid
vectors were transfected into HT29 cells by cation liposomes to block the Stat6 signaling pathway.
The expressions of STAT6 mRNA and phosphStat6 protein were detected by the reverse
transcriptase polymerase chain reaction (RTPCR) method and flow cytometry respectively to
screen the most effective shRNA at 72 hours after transfection. The apoptosis condition of the cells
in which the expression of the STAT6 gene had been interfered was analyzed by flow cytometry and
confocal microscopy. Both mRNA and protein expression of B cell lymphoma2 (Bcl2) and Bax
were detected by RTPCR and western blotting.
RESULTS: Two effective eukaryotic expression plasmid vectors of shRNA specific for the STAT6
gene were generated successfully. One can reduce the expression of the STAT6 gene by 82.4% and
the other by 56.8% (P < 0.01). The apoptotic rate of colon cancer cells in which STAT6 gene
expression had been interfered was significantly higher than that in controlled colon cancer cells (P
< 0.01). In the cells in which the Stat6 signaling pathway was blocked, the levels of mRNA and
protein Bcl2 were significantly decreased, whereas those of Bax were significantly increased (P <
0.01).
CONCLUSIONS: The Stat6 signaling pathway can inhibit apoptosis in human colon cancer cells.
The subsequent disorder of Bcl2/Bax expression may play an important part in that process. The
STAT6 gene may serve as a potential target in cancer therapy.
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Dependence of IL-4, IL-13, and nematode-induced alterations in murine small
intestinal smooth muscle contractility on Stat6 and enteric nerves.
Zhao A, McDermott J, Urban JF Jr, Gause W, Madden KB, Yeung KA, Morris SC,
Finkelman FD, SheaDonohue T.
Nutritional Requirements and Functions Laboratory, Beltsville Human Nutrition Research Center,
Agricultural Research Service, U.S. Department of Agriculture, Beltsville, MD 20705, USA.
IL4 and IL13 promote gastrointestinal worm expulsion in part through effects on nonlymphoid
cells, such as intestinal smooth muscle cells. The roles of Stat6 in IL4, IL13, and parasitic
nematodeinduced effects on small intestinal smooth muscle contractility were investigated in
BALB/c wildtype and Stat6deficient mice treated with a longlasting formulation of recombinant
mouse IL4 (IL4C) or IL13 for 7 days. Separate groups of BALB/c mice were infected with
Nippostrongylus brasiliensis or were drugcured of an initial Heligmosomoides polygyrus infection
and later reinfected. Infected mice were studied 9 and 12 days after inoculation, respectively.
Segments of jejunum were suspended in an organ bath, and responses to nerve stimulation and to
acetylcholine and substance P in the presence and absence of tetradotoxin, a neurotoxin, were
determined. Both IL4 and IL13 increased smooth muscle responses to nerve stimulation in wild
type mice, but the effects were greater in IL13treated mice and were absent in IL13treated Stat6
deficient mice. Similarly, hypercontractile responses to nerve stimulation in H. polygyrus and N.
brasiliensisinfected mice were dependent in part on Stat6. IL13, H. polygyrus, and N. brasiliensis,
but not IL4, also increased contractility to acetylcholine by mechanisms that involved Stat6 and
enteric nerves. These studies demonstrate that both IL4 and IL13 promote intestinal smooth
muscle contractility, but by different mechanisms. Differences in these effects correlate with
differences in the relative importance of these cytokines in the expulsion of enteric nematode
parasites.

Full free study available
Ph. Hug remark :
Look this interesting full study about responses to nerve stimulation.
EFS (1–20 Hz, 80 V, 1 ms) evoked a frequencydependent contraction of longitudinal smooth
muscle from small intestine (Fig. 1). The frequency and voltage of EFS were based on the results of
preliminary experiments that established the optimum frequencies and voltage necessary to induce
contractions that were mediated entirely by nerves rather than through a direct effect on smooth
muscle .

