


phosphatase activity also suggests that the dual-specificity tyrosine phosphatases are
unlikely to be the target of SRIF control in the RA synoviocytes, since the activity of the
dual specificity phosphatases appears to be largely restricted to the cytosolic and nuclear
compartments (Farooq and Zhou, 2004).

Utilizing tissue procured from the National Disease Research Interchange
(NDRI), we investigated activated ERK1/2 levels in synoviocytes (RA3) cultured from
an RA patient tissue sample. We found that this tissue responded to SRIF treatment
comparatively to the commercial RA tissue in our initial studies. In fact, SRIF reduced
levels of phosphorylated ERK1/2 by 284+9% in these cells from basal levels as
determined by western blotting (Figure 6). Our data also support findings that TNF-a
activates ERK1/2 in the RA synovium (Figure 6; Lacey, et al., 2002). In intestinal
epithelial cells, SRIF reduced both basal and TNF-a-induced secretion of IL-8 and IL-1j,
demonstrating its anti-inflammatory effect in this in vitro model (Chowers, et al., 2000,

reviewed in Paran and Paran, 2003). We reveal that SRIF inhibits TNF-a-stimulated

upregulation of ERK1/2 in RA synoviocytes, S\Egesting SRIF’s potential modulation of
cytokine and pro-inflammatory mediator release via TNF-a attenuation.

To further investigate and verify the previous immunoblotting experiments, we
used fluorescence confocal scanning microscopy to visualize ERK1/2 localization within
the RA3 synovial fibroblasts. Our results reveal that TNF-a activates ERK1/2 in a
sample of the synovial population (Figure 7B). It appears that SRIF also activates a
minute subset of the population, however these cells have different morphological

features as compared to synovial fibroblasts (Figure 7C). Co-treatment of SRIF and
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TNF-a had no effect on the nuclear localization of ERK1/2, confirming SRIF’s ability to
inhibit TNFa-stimulated ERK1/2 activation (Figure 7D). Interestingly, the entire cell
population does not respond to TNFa stimulation, suggesting that this tissue is in fact a
heterogeneous population of cells perhaps composed of diseased and non-diseased
synoviocytes. We suggest that these tissues are not advanced or refractory RA tissues;
our skepticism lies in the medical history of the patients. Since the early 90s, the gold-
standard for RA treatment has been methotrexate, which was not used to treat any of our
four RA tissue donors (Table 1). Although some patients are not responsive to
methotrexate, it is has been the dominant choice of DM ARDs because of its low-cost,

effectiveness in retarding the disease, and tolerability (Choi, et al., 2000).

30



CONCLUSIONS

In this study, we reveal a regulatory role of SRIF in a RA synoviocyte in vitro
model, identif ying a target, the sst; receptor for SRIF intervention in the human synovial
fibroblast. We have demonstrated that SRIF decreases ERK1/2 levels in RA
synoviocytes, suggesting that basal ERK1/2 is upregulated in this tissue. Additionally,
we have shown that the inhibition of ERK1/2 in RA synoviocytes may be associated with
SRIF-mediated up-regulation of protein tyrosine phosphatases. In tissue cultured from
RA patients, we found that SRIF suppressed both basal and TNF-a-stimulated ERK1/2
levels, indicating SRIF’s ability to attenuate TNF-a effects on RA synoviocytes. Further
studies delineating the protein-protein interactions, under SRIF control, of the ERK1/2

MAPK pathway could provide new targets for RA therapy

Future studies utilizing synovial tissue from true refractory RA patients could
provide a more homogeneous cell population to study SRIF’s effects on ERK1/2
activation. Additionally, treating normal and non-refractory RA synoviocytes with a
cocktail of cytokines and chemokines in attempt to transform these cells, could provide
insight into the differentiation process of an RA synoviocyte. This information could aid

in developing novel therapies that target cytokine-mediated events in RA synoviocytes.

31



LITERATURE CITED

Badway, A.C., West, F.M., Tente, S.M. and Blake, A.D. Somatostatin controls carotid
endothelial intracellular signaling pathways. Biophysical and Biochemical Research
Communications. 319:1222-1227 (2004).

Badway, A.C. and Blake, A.D. Somatostatin: A hormone for the heart? Current
Vascular Pharmacology 3:125-131. (2005).

Blake, A.D., Badway, A.C. and Strowski, M.Z. Delineating neuronal somatostatin

receptor signaling. Current Drug Targets: CNS and Neurological Disorders 3: 153-160.
(2004).

Brazeau, P., Vale, W., Burgus, R, Ling, N., Butcher, M., Rivier, J. and Guillemin, R.
Hypothalamic polypeptide that inhibits the secretion of immunoreactive pituitary growth
hormone. Science 179:77-79 (1973).

Chang, L. and Karin, M. Mammalian MAP kinase signaling cascades: Nature 410:37-40
(2001).

Choi, H.K,, Seeger, J.D. and Kuntz, K.M. A cost-effectiveness analysis of treatment———
options for patients with methotrexate-resistant rheumatoid arthritis. Arthritis &
Rheumatism. 43(10):2316-2327. (2000).

Chowers, Y., Cahalon, L., Lahav.,, M., Schor, H., Tal, R., Bar-Meir, S. and Levite, M.
Somatostatin through its specific receptor inhibits spontaneous and TNFa- and bacteria-
induced IL-8 and IL-1P secretion from intestinal epithelial cells. Journal of Immunology.
165(6):2955-2961. (2000).

Choy, E.H.S and Panayi, G.S. Cytokine pathways and joint inflammation in rheumatoid
arthritis. New England Journal of Medicine. 344(12):907-916 (2001).

Coari, G, D1 Franco, M, lagnocco, A, Di Novi, M.R., Mauceri, M.T. and Ciocci, A. Intra-
articular somatostatin-14 reduces synovial thickness in rheumatoid arthritis: an

ultrasonographic study. International Journal of Clinical Pharmacology Research
15(1):27-32 (1995).

32



Crofford, L.J., McDonagh, K.T., Guo, S., Mehta, H., Bian, H., Petruzelli, L.M., Roessler,
B.J. Adenovirus binding to cultured synoviocytes triggers signaling through MAPK

pathways and induces expression of cyclooxygenase-2.The Journal of Gene Medicine.
7(3):288-296. (2005).

Dalm V.A,, van Hagen, P.M., van Koetsveld, P.M., Langerak, A.W., van der Lely, A-J,,
Lamberts, S.W. and Hofland, L.J. Cortistatin rather than somatostatin as a potential
endogenous ligand for somatostatin receptors in the human immune system. The Journal
of Clinical Endocrinology & Metabolism 88(1):270-276. (2003).

Dasgupta, P. Somatostatin analogues: Multiple roles in cellular proliferation, neoplasia,
and angiogenesis. Pharmacology & Therapeutics 102:61-85. (2004).

Davis, L.S. A question of transformation: The synovial fibroblast in rheumatoid
arthritis. American Journal of Pathology 162(5):1399-1402 (2003).

De Lecea, L. Cortistatin: a natural somatostatin analog. Journal of Endocrinological
Investigation. 28(11 Suppl):10-14. (2005).

Farooq, A and Zhou, M.M. Structure and regulation of MAPK phosphatases. Cell
Signaling 16:769-779 (2004).

Feldmann, M., Brennan, F.M., Foxwell, B.M., Taylor, P.C., Williams, R.O. and Maini,
R.N. Anti-TNF therapy: where have we got to in 2005? Journal of Autoimmunity.
25(Suppl. 1):26-28. (2005).

Firestein, G.S. Arthritis Reasearch & Therapy 6(Suppl 3):22. (2004).

Fioravanti, A., Govoni, M., La Montagna, G., Perpignano, G., Tirri, G., Trotta, F.,
Bogliolo, A., Ciocci, A., Mauceri, M.T. and Marcolongo, R. Somatostatin 14 and joint
inflammation: evidence for intraarticular efficacy of prolonged administration in
rheumatoid arthritis. Drugs Exp. Clin. Res. 21:97-103 (1995).

Florio, T., Yao, H., Carey, K.D., Dillon, T.J. and Stork, P.J.S. Somatostatin activation of
mitogen-activated protein kinase via somatostatin receptor 1 (SSTR1). Molecular
Endocrinology. 13:24-37. (1999).

Fukusumi, S., Kitada, C., Takekawa, S., Kizawa, H., Sakamoto, J., Miyamoto, M.,
Hinuma, S., Kitano, K., Fujino, M. Identification and characterization of a novel human

cortistatin-like peptide. Biochemical and Biophysical Research Communications.
232:157-163. (1997).

33



Gee, KE., Sun, W.C., Balghat, M.K., Upson, R.H., Klaubert, D.H., Latham, K.A. and
Haugland. Fluorogenic substrates based on fluorinated umbelliferones for continuous
assays ofphosphatases and beta-galactosidases. Analytical Biochemistry. 273:41-48
(1999).

Genta, M.S,, Kardes, H. and Gabay, C. Clinical evaluation of a cohort of patients with
rheumatoid arthritis treated with anti-TNF-alpha in the community. Joint Bone Spine
73(1):51-56 (2006).

Guillermet-Guibert, J., Lahlou, H., Cordelier, P., Bousquet, C., Pyronnet, S. and Susini,
C. Physiology of somatostatin receptors. Journal of endocrinological investigation. 28(11
Suppl):5-9. (2005).

Hoyer, D., Bell, G. L., Berelowitz, M., Epelbaum, J., Feniuk, W., Humphrey, P. P.A.,
O’Carroll, A-M,, Patel Y. C., Schronbrunn, A., Taylor, J. E., and Reisine, T.

Classification and nomenclature of somatostatin receptors. Neuroscience Trends. 16:86-
90. (1995).

Krantic, S. Peptides as regulators of the immune system: emphasis on somatostatin.
Peptides 21:1941-1964 (2001).

Lacey, D., Sampey, A., Mitchell, R., Bucala, R., Santos, L., Leech, M. and Morand, E.
Control of fibroblast-like synoviocyte proliferation by macrophage migration inhibitory
factor. Arthitis & Rheumatism. 48(1):103-109. (2003).

Lahlou, H., Guillermet, J., Hortala, M., Vernejoul, F., Pyronnet, S., Bousquet, C. and
Susini, C. Molecular signaling of somatostatin receptors. Annals New York Academy of
Sciences. 1014:121-131 (2004). -

Lu, H-T., Salamon, H., and Horuk, R. The biology and physiology of somatostatin
receptors. Expert Opinion in Therapeutic Targets. 5(5):613-623. (2001).

Matucci-Cerinic, M., Pignone, A, Lotti, T., Partsch, G., Livi, R. and Cagnoni, M. Gold
salts and somatostatin: a new combined analgesic treatment for psoriatic arthritis. Drugs
Under Experimental and Clinical Research 18:53-61. (1992).

Melmed, S., Casanueva, F., Cavagnini, F., Chanson, P., Frohman, L.A., Gaillard, R.,
Ghigo, E., Ho, K., Jaquet, P., Kleinberg, D., Lamberts, S., Laws, E., Lombardi, G.,
Sheppard, M.C., Thorner, M., Vance, M.L., Wass, J.A., and Giustina, A. Consensus
statement: medical management of acromegaly. European Journal of Endocrinology.
153(6):737-740. (2005).

34



Murga, C., Fukuhara, S. and Gutkind, J.S. Novel molecular mediators in the pathway
connecting G-protein-coupled receptors to MAP kinase cascades. Trends in
Endocrinology and Metabolism 10(4)122-127. (1999).

Neff, L., Zeisel, M., Druet, V., Takeda, K., Klein, J-P., Sibilia, J., Wachsmann, D. ERK
V- and JNKs-dependent synthesis of interleukins 6 and 8 by fibroblast-like synoviocytes
stimulated by proteinl/Il, a modulin from oral streptococci, requires focal adhesion
kinase. The Journal of Biological Chemistry. 278(30):27721-27728. (2003).

O’Dell, JR. Therapeutic strategies for rheumatoid arthritis. New England Journal of
Medicine 350:2591-2602 (2004).

Paran, D., Elkayam, O., Mayo, A., Paran, H., Amit, M., Yaron, M. and Caspi, D. A pilot
study of a long acting somatostatin analogue for the treatment of refractory rheumatoid
arthritis. Annals of Rheumatic Diseases 60:888-891 (2001).

Paran, D. and Paran, H. Somatostatin analogs in rheumatoid arthritis and other
inflammatory and immune-mediated conditions. Current Opinion in Investigational
Drugs. 4(5):578-582. (2003).

Pate], Y.C. Somatostatin and its receptor family. Frontiers in Neuroendocrinology
20:157-98 (1999).

Patel, Y.C. and Reichlin, S. Somatostatin. Methods of Hormone Radioimmunoassay.
2:77-99. (1979).

Peifer, C., Wagner, G. and Laufer, S. New approaches to the treatment of inflammatory
disorders small molecule inhibitors of p38 MAP kinase. Current topics in medicina}—————
chemistry. 6(2):113-1149. (2006).

Pillinger, M.H., Rosenthal, P.B., Tolani, S.N., Apsel, B, Dinsell, V., Greenberg, J., Chan,
E.S,, Gomez, P.F., Abramson, S.B. Cyclooxygenase-2-derived E prostaglandins down-
regulate matrix metalloproteinase-1 expression in fibroblast-like synoviocytes via

inhibition of extracellular signal-regulated kinase activation. Journal of Immunology.
171(11):6080-6089. (2003).

Pozo, D. and Delgado, M. The many faces of VIP in neuroimmunology: a cytokine rather
a neuropeptide? The Federation of American Societies for Experimental Biology Journal.
18:1325-1334. (2004).

Reichlin, S. Somatostatin. New England Journal of Medicine. 309:1556-1563 (1983).

Reimold, A.M. TNFa as therapeutic target: New drugs, more applications. Current
Drug Targets-Allergy and Inflammation 1:377-392 (2002.)

35



Reinke, E. and Fabry, Z. Breaking or making immunological privilege in the central
nervous system: the regulation of immunity by neuropeptides. Immunology Letters.
104(1-2):102-109. (2006).

Reisine, T. and Bell G.I. Molecular biology of somatostatin receptors. Endocrine
Reviews 16:427-442 (1995a).

Reisine, T. and Bell, G.I. Molecular properties of somatostatin receptors. Neuroscience
67:777-790 (1995b).

Rosskopf, D., Schurks, M., Manthey L, et al. Signal transduction of somatostatin in
human B lymphoblasts. American Journal of Physiology and Cellular Physiology.
284:C179-190. (2003).

Schett, G., Tohidast-Akrad, M., Smolen, J.S., Schmid, B.J., Steiner, C.W., Bitzan, P.,
Zenz, P., Redlich, K., Xu, Q. and Steiner, G. Activation, differential localization, and
regulation of the stress-activated protein kinases, extracellular signal-regulated kinase, c-
JUN N-terminal kinase, and—38 mitogen-activated protein kinase, in synovial tissue and
cells in rheumatoid arthritis. Arthritis & Rheumatism 43:2501-2512 (2000).

Sweeney, S.E. and Firestein, G.S. Signal transduction in rheumatoid arthritis. Current
Opinion in Rheumatology. 16:231-237. (2004).

Takeba Y, Noburu S, Mitsuhiro T, Asai T, Tsuboi S, Hoshino T, Sakane T. Modulation

of synovial cell function by somatostatin in patients with rheumatoid arthritis. Arthritis
& Rheumatism 40(12):2128-2138 (1997).

Tallent, M., Liapakis, G., O’Carroll, A.M,, Lolait, S.J., Dichter, M. and Reisine, T..——
Somatostatin receptor subtypes SSTR2 and SSTRS couple negatively to an L-type Ca2+
current in the pituitary cell line AtT-20. Neuroscience 71:1073-1081 (1996).

ten Bokum, A.M.C,, Hofland, L.J. and van Hagen, P.M. Somatostatin and somatostatin
receptors in the immune system: a review. European Cytokine Network 11(2):161-176
(2000).

ten Bokum, A.M.C., Melief, M.J., Schonbrun, A., van der Ham, F., Lindeman, J.,
Hofland, L.J., Lamberts, S.W. and van Hagen, P.M. Immunohistochemical localization
of somatostatin receptor sst2A in human rheumatoid synovium. Journal of
Rheumatology. 26:532-5 (1999).

Tran, C.N., Lundy, S.K., and Fox, D.A. Synovial biology and T cells in rheumatoid
arthritis. Pathophysiology. 12(3):183-189. (2005).

36



Vaysse, N., Lahlou, H.,, Ferjoux, G. and Susini, C. Novel therapeutic targets for
somatostatin in chronic inflammatory diseases. Current Medicinal Chemistry-Anti-
inflammatory and Anti-allergy Agents 4:91-104 (2005).

Zaifler, N.J and Firestein, G.S. Pannus and pannocytes: alternative models of joint
destruction in rheumatoid arthritis. Arthritis and Rheumatism 37:783-789. (1994).

37



