





MCCABE, R. D. & DHARMSATHAPHORN, K. 1988. Mechanism of VIP-
stimulated chloride secretion by intestinal epithelial cells. Ann NY
Acad Sci, 527, 326-45.

MCCOLE, D. F., KEELY, S. J., COFFEY, R. J. & BARRETT, K. E. 2002.
Transactivation of the epidermal growth factor receptor in colonic
epithelial cells by carbachol requires extracellular release of
transforming growth factor-a.. J Biol Chem, 277, 42603-12.

MCCOLE, D. F., ROGLER, G., VARKI, N. & BARRETT, K. E. 2005.
Epidermal growth factor partially restores colonic ion transport
responses in mouse models of chronic colitis. Gastroenterology,
129, 591-608.

MCEWAN, G. T., HIRST, B. H. & SIMMONS, N. L. 1994. Carbachol
stimulates Cl- secretion via activation of two distinct apical CI
pathways in cultured human Tes intestinal epithelial monolayers.
Biochim Biophys Acta, 1220, 241-7.

MERLIN, D., JJANG, L., STROHMEIER, G. R,, NUSRAT, A., ALPER, S.
L., LENCER, W. I. & MADARA, J. L. 1998. Distinct Ca**- and
cAMP-dependent anion conductances in the apical membrane of
polarized Tgq4 cells. Am J Physiol, 275, C484-95.

MEYER, K. D., ZHANG, H. & ZHANG, L. 2009. Prenatal cocaine
exposure abolished ischemic preconditioning-induced protection in
adult male rat hearts: role of PKCe. Am J Physiol Heart Circ
Physiol, 296, H1566-76.

MILANO, A., DE ROSA, V., IAFFAIOLI, R. V. & CAPONIGRO, F. 2007.
Downstream intracellular effectors of epidermal growth factor
receptor as targets for anticancer therapy. Expert Opin Ther
Targets, 11, 771-82.

245



MORETO, M., CRISTIA, E, PEREZ-BOSQUE, A., AFZAL-AHMED, |,
AMAT, C. & NAFTALIN, R. J. 2005. Aldosterone reduces crypt
colon permeability during low-sodium adaptation. J Membr Biol,
206, 43-51.

MORITA, M., MATSUZAKI, H., YAMAMOTO, T., FUKAMI, Y. &
KIKKAWA, U. 2008. Epidermal growth factor receptor
phosphorylates protein kinase C& at Tyr332 to form a trimeric
complex with p66Shc in the H,O,-stimulated cells. J Biochem, 143,
31-8.

MORRIS, A. P., SCOTT, J. K., BALL, J. M., ZENG, C. Q., O'NEAL, W. K.
& ESTES, M. K. 1999. NSP4 elicits age-dependent diarrhea and
Ca?*-mediated I influx into intestinal crypts of CF mice. Am J
Physiol, 277, G431-44.

MOSKAL, T. L., HUANG, S., ELLIS, L. M,, FRITSCHE, H. A, JR. &
CHAKRABARTY, S. 1995. Serum levels of transforming growth
factor o in gastrointestinal cancer patients. Cancer Epidemiol
Biomarkers Prev, 4, 127-31.

MURPHY, K. T., SNOW, R. J,, PETERSEN, A. C., MURPHY, R. M,
MOLLICA, J., LEE, J. S., GARNHAM, A. P., AUGHEY, R. J,
LEPPIK, J. A., MEDVED, 1., CAMERON-SMITH, D. & MCKENNA,
M. J. 2004. Intense exercise up-regulates Na* K*-ATPase isoform
mRNA, but not protein expression in human skeletal muscle. J
Physiol, 556, 507-19.

MUSCELLA, A., MARSIGLIANTE, S., VERRI, T,, URSO, L., DIMITRI, C.,
BOTTA, G., PAULMICHL, M., BECK-PECCOZ, P., FUGAZZOLA,
L. & STORELLI, C. 2008. PKC-e-dependent cytosol-to-membrane
translocation of pendrin in rat thyroid PC CI3 cells. J Cell Physiol,
217, 103-12.

246



MYHRE, G. M., TORUNER, M., ABRAHAM, S. & EGAN, L. J. 2004.
Metalloprotease disintegrin-mediated ectodomain shedding of
EGFR ligands promotes intestinal epithelial restitution. Am J
Physiol Gastrointest Liver Physiol, 287, G1213-9.

NAKAMURA, M. & NISHIDA, T. 2003. Potentiation by cyclic AMP of the
stimulatory effect of epidermal growth factor on corneal epithelial

migration. Cornea, 22, 355-8.

NAMKUNG, W., FINKBEINER, W. E. & VERKMAN, A. S. 2010a. CFTR-
adenylyl cyclase | association responsible for UTP -activation of
CFTR in well-differentiated primary human bronchial cell cultures.
Mol Biol Cell, 21, 2639-48.

NAMKUNG, W., PHUAN, P. W. & VERKMAN, A. S. 2010b. TMEM16A
inhibitors reveal TMEM16A as a minor component of CaCC
conductance in airway and intestinal epithelial cells. J Biol Chem,
286, 2365-74.

NAMKUNG, W., THIAGARAJAH, J. R., PHUAN, P. W. & VERKMAN, A.
S. 2010c. Inhibition of Ca®*-activated CI' channels by gallotannins
as a possible molecular basis for health benefits of red wine and
green tea. FASEB J, 24, 4178-86.

NELSON, R. L. & HOLIAN, O. 1988. Adenylate cyclase activity and cyclic
adenosine monophosphate levels in colon cancer lines and dermal
fibroblasts and the effects of cholera toxin and epidermal growth
factor. J Surg Oncol, 38, 108-12.

NIELSEN, C. U., AMSTRUP, J., STEFFANSEN, B., FROKJAER, S. &
BRODIN, B. 2001. Epidermal growth factor inhibits glycylsarcosine
transport and hPepT1 expression in a human intestinal cell line.
Am J Physiol Gastrointest Liver Physiol, 281, G191-9.

247



NOVAK, C. & TREVINO, J. G. 2010. Gastrointestinal stromal tumors: a
paradigm for therapeutic options in solid organ tumors. Mini Rev
Med Chem, 10, 624-34.

O'LOUGHLIN, E. V., HUNT, D. M, GASKIN, K. J, STIEL, D.,
BRUZUSZCAK, I. M., MARTIN, H. C., BAMBACH, C. & SMITH, R.
1991. Abnormal epithelial transport in cystic fibrosis jejunum. AmJ
Physiol, 260, G758-63.

O'LOUGHLIN, E. V., PANG, G. P., NOLTORP, R, KOINA, C., BATEY, R.
& CLANCY, R. 2001. Interleukin 2 modulates ion secretion and
cell proliferation in cultured human small intestinal enterocytes.
Gut, 49, 636-43.

O'MAHONY, F., ALZAMORA, R., BETTS, V., LAPAIX, F., CARTER, D.,
IRNATEN, M. & HARVEY, B. J. 2007. Female gender-specific
inhibition of KCNQ1 channels and chloride secretion by 17beta-
estradiol in rat distal colonic crypts. J Biol Chem, 282, 24563-73.

O'MAHONY, F., TOUMI, F., MROZ, M. S., FERGUSON, G. & KEELY, S.
J. 2008. Induction of Na/K*/2CI" cotransporter expression
mediates chronic potentiation of intestinal epithelial Cl" secretion
by EGF. Am J Physiol Cell Physiol, 294, C1362-70.

OCHOA, T. J., BARLETTA, F., CONTRERAS, C. & MERCADO, E. 2008.
New insights into the epidemiology of enteropathogenic
Escherichia coli infection. Trans R Soc Trop Med Hyg, 102, 852-6.

OSHEROV, N. & LEVITZKI, A. 1994. Epidermal-growth-factor-dependent
activation of the src-family kinases. Eur J Biochem, 225, 1047-53.

OUSINGSAWAT, J., MARTINS, J. R., SCHREIBER, R., ROCK, J. R,
HARFE, B. D. & KUNZELMANN, K. 2009. Loss of TMEM16A

248



causes a defect in epithelial Ca?* dependent chloride transport. J
Biol Chem, 284, 28698-703.

OUSINGSAWAT, J., SPITZNER, M, PUNTHEERANURAK, S,
TERRACCIANO, L., TORNILLO, L, BUBENDORF, L.,
KUNZELMANN, K. & SCHREIBER, R. 2007. Expression of
voltage-gated potassium channels in human and mouse colonic

carcinoma. Clin Cancer Res, 13, 824-31.

PADDOCK, S. W. 2000. Principles and practices of laser scanning
confocal microscopy. Mol Biotechnol, 16, 127-49.

PARK, J. H. & SAIER, M. H,, JR. 1996. Phylogenetic, structural and
functional characteristics of the Na-K-Cl cotransporter family. J
Membr Biol, 149, 161-8.

PARK, S. K., HWANG, Y. S, PARK, K. K, PARK, H. J., SEO, J. Y. &
CHUNG, W. Y. 2009. Kalopanaxsaponin A inhibits PMA-induced
invasion by reducing matrix metalloproteinase-9 via PI3K/Akt- and
PKCs-mediated signaling in MCF-7 human breast cancer cells.

Carcinogenesis, 30, 1225-33.

PAWLOWSKI, S. W., WARREN, C. A. & GUERRANT, R. 2009.
Diagnosis and treatment of acute or persistent diarrhea.
Gastroenterology, 136, 1874-86.

PAYNE, J. A. & FORBUSH, B, 3RD 1995. Molecular characterization of
the epithelial Na-K-Cl cotransporter isoforms. Curr Opin Cell Biol,
7, 493-503.

PEERS, C. & KEMP, P. J. 2004. lon channel regulation by chronic
hypoxia in models of acute oxygen sensing. Cell Calcium, 36, 341-
8.

249



PESONEN, K. VIINIKKA, L., KOSKIMIES, A., BANKS, A. R,
NICOLSON, M. & PERHEENTUPA, J. 1987. Size heterogeneity of
epidermal growth factor in human body fluids. Life Sci, 40, 2489-
94.

PINHO, J., MEDEIROS, M., CAPETTINI, L., REZENDE, B., CAMPOS,
P., ANDRADE, S., CORTES, S, CRUZ, J. & LEMOS, V. 2010.
Phosphatidylinositol 3-kinase-delta up-regulates L-type ca*
currents and increases vascular contractility in a mouse model of
type 1 diabetes. BrJ Pharmacol, 161, 1458-71.

PLAYFORD, R. J. 1995. Peptides and gastrointestinal mucosal integrity.
Gut, 37, 595-7.

PLAYFORD, R. J. & WRIGHT, N. A. 1996. Why is epidermal growth
factor present in the gut lumen? Gut, 38, 303-5.

POULSEN, J. H., FISCHER, H., ILLEK, B. & MACHEN, T. E. 1994.
Bicarbonate conductance and pH regulatory capability of cystic
fibrosis transmembrane conductance regulator. Proc Natl Acad Sci
USA, 91, 5340-4.

PRASAD, R., VENKATASUBRAMANIAN, J., AMDE, M. & RAO, M. C.
2004. Phospholipase C and src tyrosine kinases mediate
neurotensin-stimulated CI" secretion in rabbit proximal colon. Dig
Dis Sci, 49, 1318-26.

PRESTON, P., WARTOSCH, L, GUNZEL, D., FROMM, M,
KONGSUPHOL, P., OUSINGSAWAT, J., KUNZELMANN, K,
BARHANIN, J., WARTH, R. & JENTSCH, T. J. 2010. Disruption of
the K* channel beta-subunit KCNE3 reveals an important role in
intestinal and tracheal CI” transport. J Biol Chem, 285, 7165-75.

250



RAHIMI, M., GEORGE, J. & TANG, C. 2010. EGFR variant-mediated
invasion by enhanced CXCR4 expression through transcriptional
and post-translational mechanisms. Int J Cancer, 126, 1850-60.

RAJAN, S., PLANT, L. D, RABIN, M. L., BUTLER, M. H. & GOLDSTEIN,
S. A. 2005. Sumoylation silences the plasma membrane leak K"
channel K2P1. Cell, 121, 37-47.

RAO, J. N., PLATOSHYN, O,, LI, L., GUO, X., GOLOVINA, V. A,, YUAN,
J. X_ & WANG, J. Y. 2002. Activation of K* channels and increased
migration of differentiated intestinal epithelial cells after wounding.
Am J Physiol Cell Physiol, 282, C885-98.

RECHKEMMER, G. & HALM, D. R. 1989. Aldosterone stimulates K
secretion across mammalian colon independent of Na absorption.
Proc Nat! Acad Sci U S A, 86, 397-401.

REED, K. K. & WICKHAM, R. 2009. Review of the gastrointestinal tract:

from macro to micro. Semin Oncol Nurs, 25, 3-14.

REYA, T. & CLEVERS, H. 2005. Wnt signalling in stem cells and cancer.
Nature, 434, 843-50.

REYNOLDS, A., PARRIS, A., EVANS, L. A, LINDQVIST, S., SHARP, P,
LEWIS, M., TIGHE, R. & WILLIAMS, M. R. 2007. Dynamic and
differential regulation of NKCC1 by calcium and cAMP in the
native human colonic epithelium. J Physiol, 582, 507-24.

RIEGLER, M., CASTAGLIUOLO, 1., WLK, M. & POTHOULAKIS, C. 1999.
Substance P causes a chloride-dependent short-circuit current
response in rabbit colonic mucosa in vitro. Scand J Gastroenterol,
34, 1203-11.

251



RIGBY, A. C., GRANT, C. W. & SHAW, G. S. 1998. Solution and solid
state conformation of the human EGF receptor transmembrane
region. Biochim Biophys Acta, 1371, 241-53.

RIORDAN, J. R, ROMMENS, J. M., KEREM, B., ALON, N., ROZMAHEL,
R., GRZELCZAK, Z., ZIELENSKI, J., LOK, S., PLAVSIC, N,
CHOU, J. L. & ET AL. 1989. Identification of the cystic fibrosis
gene: cloning and characterization of complementary DNA.
Science, 245, 1066-73.

ROBINS-BROWNE, R. M. & HARTLAND, E. L. 2002. Escherichia coli as
a cause of diarrhea. J Gastroenterol Hepatol, 17, 467-75.

ROCK, J. R., O'NEAL, W. K., GABRIEL, S. E,, RANDELL, S. H., HARFE,
B. D., BOUCHER, R. C. & GRUBB, B. R. 2009. Transmembrane
protein 16A (TMEM16A) is a Ca’*-regulated CI" secretory channel
in mouse airways. J Biol Chem, 284, 14875-80.

ROMIO, L., MUSANTE, L., CINTI, R, SERI, M,, MORAN, O., ZEGARRA-
MORAN, O. & GALIETTA, L. J. 1999. Characterization of a murine
gene homologous to the bovine CaCC chloride channel. Gene,
228, 181-8.

RONDA, A. C., BUITRAGO, C. & BOLAND, R. 2010. Role of estrogen
receptors, PKC and Src in ERK2 and p38 MAPK signaling
triggered by 17beta-estradiol in skeletal muscle cells. J Steroid
Biochem Mol Biol, 122, 287-94.

RONGIONE, A. J., KUSSKE, A. M., NEWTON, T. R,, ASHLEY, S. W.,
ZINNER, M. J. & MCFADDEN, D. W. 2001. EGF and TGF
stimulate proabsorption of glucose and electrolytes by Na*/glucose
cotransporter in awake canine model. Dig Dis Sci, 46, 1740-7.

252



ROSSIER, B. C. 2004. The epithelial sodium channel: activation by
membrane-bound serine proteases. Proc Am Thorac Soc, 1, 4-9.

ROXAS, J. L., KOUTSOURIS, A. & VISWANATHAN, V. K. 2007.
Enteropathogenic Escherichia coli-induced epidermal growth
factor receptor activation contributes to physiological alterations in
intestinal epithelial cells. Infect Immun, 75, 2316-24.

ROZMAHEL, R., WILSCHANSKI, M., MATIN, A., PLYTE, S., OLIVER,
M., AUERBACH, W., MOORE, A., FORSTNER, J., DURIE, P.,
NADEAU, J., BEAR, C. & TSUI, L. C. 1996. Modulation of disease
severity in cystic fibrosis transmembrane conductance regulator
deficient mice by a secondary genetic factor. Nat Genet, 12, 280-
7.

RUSSELL, J. M. 1983. Cation-coupled chloride influx in squid axon. Role
of potassium and stoichiometry of the transport process. J Gen
Physiol, 81, 909-25.

RUSSELL, J. M. 2000. Sodium-potassium-chloride cotransport. Physiol
Rev, 80, 211-76.

SAND, P., ANGER, A. & RYDQVIST, B. 2004. Hypotonic stress activates
an intermediate conductance K" channel in human colonic crypt
cells. Acta Physiol Scand, 182, 361-8.

SANDERS, K. M. 1998. G protein-coupled receptors in gastrointestinal
physiology. IV. Neural regulation of gastrointestinal smooth
muscle. Am J Physiol, 275, G1-7.

SAUSBIER, M., MATOS, J. E., SAUSBIER, U, BERANEK, G., ARNTZ,
C., NEUHUBER, W., RUTH, P. & LEIPZIGER, J. 2006. Distal
colonic K* secretion occurs via BK channels. J Am Soc Nephrol,
17, 1275-82.

253



SCHAUF, C. L., MOFFETT, D. & MOFFETT, S. 1993. Human Physiology

Foundations and Frontiers. Mosby.

SCHILLER, K. R, MANIAK, P. J. & O'GRADY, S. M. 2010. Cystic
Fibrosis Transmembrane Conductance Regulator is involved in
airway epithelial wound repair. Am J Physiol Cell Physiol. 299,
C912-21.

SCHNEIDER, M. R. & WOLF, E. 2009. The epidermal growth factor
receptor ligands at a glance. J Cell Physiol, 218, 460-6.

SCHREIBER, R., ULIYAKINA, I, KONGSUPHOL, P., WARTH, R,
MIRZA, M., MARTINS, J. R & KUNZELMANN, K. 2010.
Expression and function of epithelial anoctamins. J Biol Chem,
285, 7838-45.

SCHROEDER, B. C., CHENG, T., JAN, Y. N. & JAN, L. Y. 2008.
Expression cloning of TMEM16A as a calcium-activated chloride
channel subunit. Cell, 134, 1019-29.

SCHROEDER, B. C., WALDEGGER, S, FEHR, S., BLEICH, M.,
WARTH, R., GREGER, R. & JENTSCH, T. J. 2000. A
constitutively open potassium channel formed by KCNQ1 and
KCNE3. Nature, 403, 196-9.

SCHULTHEISS, G. & DIENER, M. 2005. The epidermal growth factor-
pathway is not involved in down-regulation of Ca®*-induced CI
secretion in rat distal colon. Eur J Pharmacol, 512, 67-71.

SCHULTHEISS, G., SIEFJEDIERS, A. & DIENER, M. 2005. Muscarinic
receptor stimulation activates a Ca?'-dependent CI" conductance
in rat distal colon. J Membr Biol, 204, 117-27.

SCHULZKE, J. D., SCHULZKE, |., FROMM, M. & RIECKEN, E. O. 1995.

Epithelial barrier and ion transport in coeliac sprue: electrical
254



measurements on intestinal aspiration biopsy specimens. Gut, 37,
777-82.

SCHWAB, A., WOJNOWSKI, L., GABRIEL, K. & OBERLEITHNER, H.
1994. Oscillating activity of a Ca**-sensitive K" channel. A
prerequisite for migration of transformed Madin-Darby canine
kidney focus cells. J Clin Invest, 93, 1631-6.

SEAVILLEKLEIN, G., AMER, N., EVAGELIDIS, A, CHAPPE, F., IRVINE,
T.. HANRAHAN, J. W. & CHAPPE, V. 2008. PKC phosphorylation
modulates PKA-dependent binding of the R domain to other
domains of CFTR. Am J Physiol Cell Physiol, 295, C1366-75.

SENO, H., MIYOSHI, H., BROWN, S. L., GESKE, M. J., COLONNA, M. &
STAPPENBECK, T. S. 2009. Efficient colonic mucosal wound
repair requires Trem2 signaling. Proc Natl Acad Sci U S A, 106,
256-61.

SHANBAKY, N. M. & PRESSLEY, T. A. 1995. Transfection of Na,K-
ATPase o-subunit: regulation of enzyme abundance. Biochem Cell
Biol, 73, 261-8.

SHAO, M. X., UEKI, . F. & NADEL, J. A. 2003. Tumor necrosis factor a-
converting enzyme mediates MUCS5AC mucin expression in
cultured human airway epithelial cells. Proc Natl Acad Sci U S A,
100, 11618-23.

SHEN, J. P. & COTTON, C. U. 2003. Epidermal growth factor inhibits
amiloride-sensitive sodium absorption in renal collecting duct cells.
Am J Physiol Renal Physiol, 284, F57-64.

SHEPPARD, D. N. & WELSH, M. J. 1999. Structure and function of the
CFTR chloride channel. Physiol Rev, 79, S23-45.

255



SHERIDAN, J. T., WORTHINGTON, E. N., YU, K., GABRIEL, S. E.,
HARTZELL, H. C. & TARRAN, R. 2010. Characterization of the
oligomeric structure of the Ca’*-activated CI' channel
Ano1/TMEM16A. J Biol Chem, 286, 1381-8.

SHETH, P., SETH, A., ATKINSON, K. J., GHEYI, T, KALE, G,
GIORGIANNI, F., DESIDERIO, D. M., LI, C., NAREN, A. & RAO,
R. 2007. Acetaldehyde dissociates the PTP1B-E-cadherin-beta-
catenin complex in Caco-2 cell monolayers by a phosphorylation-
dependent mechanism. Biochem J, 402, 291-300.

SHIRAKATA, Y., KIMURA, R., NANBA, D., IWAMOTO, R., TOKUMARU,
S., MORIMOTO, C., YOKOTA, K., NAKAMURA, M., SAYAMA, K.,
MEKADA, E., HIGASHIYAMA, S. & HASHIMOTO, K. 2005.
Heparin-binding EGF-like growth factor accelerates keratinocyte
migration and skin wound healing. J Cell Sci, 118, 2363-70.

SHUKLA, A., BARRETT, T. F., NAKAYAMA, K. 1., NAKAYAMA, K.,
MOSSMAN, B. T. & LOUNSBURY, K. M. 2006. Transcriptional up-
regulation of MMP12 and MMP13 by asbestos occurs via a
PKCdelta-dependent pathway in murine lung. FASEB J, 20, 997-9.

SILVA, C. M. 2004. Role of STATs as downstream signal transducers in
Src family kinase-mediated tumorigenesis. Oncogene, 23, 8017-
23.

SILVERTHORN, D. U, OBER, W, GARRISON, C. W. &
SILVERTHORN, A. C. 2001. Human Physiology: An Integrated
Approach, Prentice Hall

SIMARD, C. F., DAIGLE, N. D., BERGERON, M. J., BRUNET, G. M,
CARON, L., NOEL, M., MONTMINY, V. & ISENRING, P. 2004.

Characterization of a novel interaction between the secretory Na'-

256



K*-CI" cotransporter and the chaperone hsp90. J Biol Chem, 279,
48449-56.

SINGH, R. & ANDREADIS, S. T. 2007. EGF receptor activation
decreases retroviral gene transfer through protein kinase C5. Mol
Ther, 15, 369-77.

SINHA, A., NIGHTINGALE, J., WEST, K. P., BERLANGA-ACOSTA, J. &
PLAYFORD, R. J. 2003. Epidermal growth factor enemas with oral
mesalamine for mild-to-moderate left-sided ulcerative colitis or
proctitis. N Engl J Med, 349, 350-7.

SIPOS, F., MOLNAR, B., ZAGONI, T, BERCZI, L. & TULASSAY, Z.
2005. Growth in epithelial cell proliferation and apoptosis
correlates specifically to the inflammation activity of inflammatory
bowel diseases: ulcerative colitis shows specific p53- and EGFR

expression alterations. Dis Colon Rectum, 48, 775-86.

SIRIWARDENA, A. & KELLUM, J. M., JR. 1993. A 5-HT2 receptor
mediates serotonin-induced electrolyte transport in rat left colon. J
Surg Res, 55, 323-9.

SIRIWARDENA, A. K., BUDHOO, M. R., SMITH, E. P. & KELLUM, J. M.
1993. A 5-HT3 receptor agonist induces neurally mediated
chloride transport in rat distal colon. J Surg Res, 55, 55-9.

SMITH, C. L. 2008. Basic confocal microscopy. Curr Protoc Mol Biol,
Chapter 14, Unit 14 11.

SMITH, L., SMALLWOOD, N., ALTMAN, A. & LIEDTKE, C. M. 2008.
PKCdelta acts upstream of SPAK in the activation of NKCC1 by
hyperosmotic stress in human airway epithelial cells. J Bio Chem,
283, 22147-56.

257



SNYDER, P. M. 2005. Minireview: regulation of epithelial Na* channel
trafficking. Endocrinology, 146, 5079-85.

SORENSEN, M. V., MATOS, J. E,, PRAETORIUS, H. A. & LEIPZIGER,
J. 2010. Colonic potassium handling. Pflugers Arch, 459, 645-56.

SOUNDARARAJAN, R., MELTERS, D., SHIH, L C., WANG, J. &
PEARCE, D. 2009. Epithelial sodium channel regulated by
differential composition of a signaling complex. Proc Natl Acad Sci
U S A, 106, 7804-9.

STEINBERG, S. F. 2008. Structural basis of protein kinase C isoform
function. Physiol Rev, 88, 1341-78.

STOCKAND, J. D., STARUSCHENKO, A, POCHYNYUK, O., BOOTH,
R. E. & SILVERTHORN, D. U. 2008. Insight toward epithelial Na*
channel mechanism revealed by the acid-sensing jon channel 1
structure. /UBMB Life, 60, 620-8.

STRABEL, D. & DIENER, M. 1995. Evidence against direct activation of
chloride secretion by carbachol in the rat distal colon. Eur J
Pharmacol, 274, 181-91.

STUREK, M. 2010. Tuning in to the "right" calcium channel regulation in
experimental models of diabetes. Br J Pharmacol, 161, 1455-7..

SUN, H., TSUNENARI, T., YAU, K. W. & NATHANS, J. 2002. The
vitelliform macular dystrophy protein defines a new family of
chloride channels. Proc Natl Acad Sci U S A, 99, 4008-13.

SURAWICZ, C. M. 2010. Mechanisms of diarrhea. Curr Gastroenterol
Rep, 12, 236-41.

258



SUZUKI, M. 2006. The Drosophila tweety family: molecular candidates
for large-conductance Ca%*-activated CI" channels. Exp Physiol,
91, 141-7.

SUZUKI, M. & MIZUNO, A. 2004. A novel human CI' channel family
related to Drosophila flightless locus. J Biol Chem, 279, 22461-8.

SVRCEK, M., COSNES, J., TIRET, E., BENNIS, M., PARC, Y. &
FLEJOU, J. F. 2007. Expression of epidermal growth factor
receptor (EGFR) is frequent in inflammatory bowel disease (IBD)-
associated intestinal cancer. Virchows Arch, 450, 243-4.

TAKAHASHI, A., SATO, Y., SHIOMI, Y., CANTARELLI, V.V, IIDA, T,,
LEE, M. & HONDA, T. 2000. Mechanisms of chloride secretion
induced by thermostable direct haemolysin of Vibrio
parahaemolyticus in human colonic tissue and a human intestinal
epithelial cell line. J Med Microbiol, 49, 801-10.

TAKEUCHI, K. & ITO, F. 2010. EGF receptor in relation to tumor
development: molecular basis of responsiveness of cancer cells to
EGFR-targeting tyrosine kinase inhibitors. FEBS J, 277, 316-26.

TANG, J., BOUYER, P., MYKONIATIS, A, BUSCHMANN, M., MATLIN,
K S. & MATTHEWS, J. B. 2010. Activated PKC& and PKCe inhibit
epithelial chloride secretion response to cAMP via inducing
internalization of the Na*-K'-2CI cotransporter NKCC1. J Biol
Chem, 285, 34072-85.

TAORMINO, J. P. & FAMBROUGH, D. M. 1990. Pre-translational
regulation of the Na'-K'-ATPase in response to demand for ion
transport in cultured chicken skeletal muscle. J Biol Chem, 265,
4116-23.

259



THAMILSELVAN, V., CRAIG, D. H. & BASSON, M. D. 2007. FAK
association with multiple signal proteins mediates pressure-
induced colon cancer cell adhesion via a Src-dependent PI3K/Akt
pathway. FASEB J, 21, 1730-41.

THOMPSON, J. F. 1988. Specific receptors for epidermal growth factor in
rat intestinal microvillus membranes. Am J Physiol, 254, G429-35.

TIAN, Y., KONGSUPHOL, P., HUG, M., OUSINGSAWAT, J., WITZGALL,
R., SCHREIBER, R. & KUNZELMANN, K. 2010. Calmodulin-
dependent activation of the epithelial calcium-dependent chloride
channel TMEM16A. FASEB J. 25, 1058-68.

TITI, M. A, ANABTAWI, A. & NEWLAND, A. D. 2010. Isolated
gastrointestinal metastasis of breast carcinoma: a case report.
Case Report Med, 2010, 61 5923.

TOIYAMA, Y., MIZOGUCHI, A., KIMURA, K., HIRO, J., INOUE, Y.,
TUTUMI, T., MIKI, C. & KUSUNOKI, M. 2007. TTYH2, a human
homologue of the Drosophila melanogaster gene tweety, is up-
regulated in colon carcinoma and involved in cell proliferation and
cell aggregation. World J Gastroenterol, 13, 2717-21.

TONB, D., MEHTA, R., WANG, H., TUNG, J. & MEHTA, D. |. 2003.
Short-term effect of epidermal growth factor on glucose uptake in
endoscopic biopsies. Dig Dis Sci, 48, 1614-8.

TRINH, N. T., PRIVE, A, KHEIR, L., BOURRET, J. C., HUUAZI, T,
AMRAEI, M. G., NOEL, J. & BROCHIERO, E. 2007. Involvement
of KATP and KvLQT1 K' channels in EGF-stimulated alveolar
epithelial cell repair processes. Am J Physiol Lung Cell Mol
Physiol, 293, L870-82.

260



TRINH, N. T., PRIVE, A, MAILLE, E. NOEL, J. & BROCHIERO, E.
2008. EGF and K" channel activity control normal and cystic
fibrosis bronchial epithelia repair. Am J Physiol Lung Cell Mol
Physiol, 295, L866-80.

TSIEN, R. Y., RINK, T. J. & POENIE, M. 1985. Measurement of cytosolic
free Ca2" in individual small cells using fluorescence microscopy
with dual excitation wavelengths. Cell Calcium, 6, 145-57.

TSUKITA, S., FURUSE, M. & ITOH, M. 2001. Multifunctional strands in
tight junctions. Nat Rev Mol Cell Biol, 2, 285-93.

TUO, B., WEN, G.,, ZHANG, Y., LIU, X, WANG, X. & DONG, H. 2009.
Involvement of phosphatidylinositol 3-kinase in cAMP- and cGMP-
induced duodenal epithelial CFTR activation in mice. Am J Physiol
Cell Physiol, 297, C503-15.

UENO, S., TAKEDA, K, NOGUCHI, S. & KAWAMURA, M. 1997.
Significance of the B-subunit in the biogenesis of Na'/K"-ATPase.
Biosci Rep, 17, 173-88.

ULRICH, C. D., 2ND, HOLTMANN, M. & MILLER, L. J. 1998. Secretin
and vasoactive intestinal peptide receptors: members of a unique
family of G protein-coupled receptors. Gastroenterology, 114, 382-
97.

URIBE, J. M., GELBMANN, C. M, TRAYNOR-KAPLAN, A. E. &
BARRETT, K. E. 1996a. Epidermal growth factor inhibits Ca®*-
dependent CI transport in Tas human colonic epithelial cells. Am J
Physiol, 271, C914-22.

URIBE, J. M., KEELY, S. J., TRAYNOR-KAPLAN, A. E. & BARRETT, K.
E. 1996b. Phosphatidylinositol 3-kinase mediates the inhibitory

261



effect of epidermal growth factor on calcium-dependent chloride
secretion. J Biol Chem, 271, 26588-95.

URIBE, J. M., MCCOLE, D. F. & BARRETT, K. E. 2002. Interferon-
gamma activates EGF receptor and increases TGF-a in Ta4 cells:
implications for chloride secretion. Am J Physiol Gastrointest Liver
Physiol, 283, G923-31.

VAANDRAGER, A. B., BAJNATH, R., GROOT, J. A,, BOT, A. G. & DE
JONGE, H. R. 1991. Ca?* and cAMP activate different chloride
efflux pathways in HT-29.cl19A colonic epithelial cell line. Am J
Physiol, 261, G958-65.

VALLET, V., CHRAIBI, A., GAEGGELER, H. P., HORISBERGER, J. D. &
ROSSIER, B. C. 1997. An epithelial serine protease activates the

amiloride-sensitive sodium channel. Nature, 389, 607-10.

VALVERDE, M. A., MINTENIG, G. M. & SEPULVEDA, F. V. 1993.
Differential effects of tamoxifen and I- on three distinguishable
chloride currents activated in Tg4 intestinal cells. Pflugers Arch,
425, 552-4.

VAN DER MERWE, J. Q., HOLLENBERG, M. D. & MACNAUGHTON, W.
K. 2008. EGF receptor transactivation and MAP kinase mediate
proteinase-activated receptor-2-induced chloride secretion in
intestinal epithelial cells. Am J Physiol Gastrointest Liver Physiol,
294, G441-51.

VAN DER MERWE, J. Q., MOREAU, F. & MACNAUGHTON, W. K. 2009.
Protease-activated receptor-2 stimulates intestinal epithelial
chloride transport through activation of PLC and selective PKC
isoforms. Am J Physiol Gastrointest Liver Physiol, 296, G1258-66.

262



VANGUILDER, H. D., VRANA, K. E. & FREEMAN, W. M. 2008. Twenty-
five years of quantitatve PCR for gene expression analysis.
Biotechniques, 44, 619-26.

VERGNOLLE, N., MACNAUGHTON, W. K., AL-AN|, B., SAIFEDDINE,
M., WALLACE, J. L. & HOLLENBERG, M. D. 1998. Proteinase-
activated receptor 2 (PAR2)-activating peptides: identification of a
receptor distinct from PAR2 that regulates intestinal transport.
Proc Nat! Acad Sci U S A, 95, 7766-71.

VERREY, F. 1999. Early aldosterone action: toward filling the gap
between transcription and transport. Am J Physiol, 277, F319-27.

VISONE, R., PETROCCA, F. & CROCE, C. M. 2008. Micro-RNAs in
gastrointestinal and liver disease. Gastroenterology, 135, 1866-9.

VUAGNIAUX, G., VALLET, V., JAEGER, N. F., PFISTER, C., BENS, M,
FARMAN, N., COURTOIS-COUTRY, N, VANDEWALLE, A,
ROSSIER, B. C. & HUMMLER, E. 2000. Activation of the
amiloride-sensitive epithelial sodium channel by the serine
protease mCAP1 expressed in a mouse cortical collecting duct celi
line. J Am Soc Nephrol, 11, 828-34.

WAGNER, J. A., MCDONALD, T. V., NGHIEM, P. T, LOWE, A. W,
SCHULMAN, H., GRUENERT, D. C., STRYER, L. & GARDNER,
P. 1992. Antisense oligodeoxynucleotides to the cystic fibrosis
transmembrane conductance regulator inhibit cAMP-activated but
not calcium-activated chloride currents. Proc Nat/ Acad Sci U S A,
89, 6785-9.

WARHURST, G., TURNBERG, L. A, HIGGS, N. B, TONGE, A,
GRUNDY, J. & FOGG, K. E. 1993. Multiple G-protein-dependent

pathways mediate the antisecretory effects of somatostatin and

263



clonidine in the HT29-19A colonic cell line. J Clin Invest, 92, 603-
11.

WEBB, J. G., TAN, Y., JAFFA, M. A. & JAFFA, A. A. 2010. Evidence for
prostacyclin and cAMP upregulation by bradykinin and insulin-like
growth factor 1 in vascular smooth muscle cells. J Recept Signal
Transduct Res, 30, 61-71.

WEYAND, B., WARTH, R., BLEICH, M., KERSTAN, D., NITSCHKE, R. &
GREGER, R. 1998. Hypertonic cell shrinkage reduces the K’
conductance of rat colonic crypts. Pflugers Arch, 436, 227-32.

WHEELER, S. E., SUZUKI, S., THOMAS, S. M., SEN, M., LEEMAN-
NEILL, R. J., CHIOSEA, S. I, KUAN, C. T, BIGNER, D. D.,
GOODING, W. E., LAI, S. Y. & GRANDIS, J. R. 2010. Epidermal
growth factor receptor variant Il mediates head and neck cancer
cell invasion via STAT3 activation. Oncogene, 29, 5135-45.

WINPENNY, J. P., MARSEY, L. L. & SEXTON, D. W. 2009. The CLCA
gene family: putative therapeutic target for respiratory diseases.

Inflamm Allergy Drug Targets, 8, 146-60.

WONG, S. M., TESFAYE, A., DEBELL, M. C. & CHASE, H. S., JR. 1990.
Carbachol increases basolateral K* conductance in Tgs cells.
Simultaneous measurements of cell [Ca] and gK explore calcium's
role. J Gen Physiol, 96, 1271-85.

WRIGHT, N. A., PIKE, C. M. & ELIA, G. 1990. Ulceration induces a novel
epidermal growth factor-secreting cell lineage in human
gastrointestinal mucosa. Digestion, 46 Suppl 2, 125-33.

WU, J., WRATHALL, J. R & SCHACHNER, M. 2010.

Phosphatidylinositol 3-kinase/protein kinase C3 activation induces

264



close homolog of adhesion molecule L1 (CHL1) expression in
cultured astrocytes. Glia, 58, 315-28.

XU, H., COLLINS, J. F., BAIl, L., KIELA, P. R, LYNCH, R. M. &
GHISHAN, F. K. 2001. Epidermal growth factor regulation of rat
NHE2 gene expression. Am J Physiol Cell Physiol, 281, C504-13.

XU, H., ZHANG, B., LI, J., CHEN, H, TOOLEY, J. & GHISHAN, F. K.
2010. Epidermal growth factor inhibits intestinal NHE8 expression
via reducing its basal transcription. Am J Physiol Cell Physiol, 299,
C51-7.

XU, J. C., LYTLE, C., ZHU, T. T., PAYNE, J. A, BENZ, E., JR. &
FORBUSH, B., 3RD 1994. Molecular cloning and functional
expression of the bumetanide-sensitive Na-K-Cl cotransporter.
Proc Natl Acad Sci U S A, 91, 2201-5.

XU, K., CHANG, C. M., GAO, H. & SHU, H. K. 2009. Epidermal growth
factor-dependent cyclooxygenase-2 induction in gliomas requires

protein kinase C3. Oncogene, 28, 1410-20.

YAMAMOTO, T., MATSUZAKI, H., KAMADA, S., ONO, Y. & KIKKAWA,
U. 2006. Biochemical assays for multiple activation states of
protein kinase C. Nat Protoc, 1, 2791-5.

YANG, C. C., OGAWA, H., DWINELL, M. B., MCCOLE, D. F,
ECKMANN, L. & KAGNOFF, M. F. 2005. Chemokine receptor
CCR6 transduces signals that activate p130Cas and alter cAMP-
stimulated ion transport in human intestinal epithelial cells. Am J
Physiol Cell Physiol, 288, C321-8.

YANG, Y. & SIGWORTH, F. J. 1998. Single-channel properties of 1Ks
potassium channels. J Gen Physiol, 112, 665-78.

265



YANG, Y. D., CHO, H., KOO, J. Y., TAK, M. H., CHO, Y., SHIM, W. S,
PARK, S. P., LEE, J., LEE, B., KIM, B. M., RAOUF, R., SHIN, Y.
K. & OH, U. 2008. TMEM16A confers receptor-activated calcium-
dependent chloride conductance, Nature, 455, 1210-5.

YEAMAN, C., GRINDSTAFF, K. K. & NELSON, W. J. 1999. New
perspectives on mechanisms involved in generating epithelial cell
polarity. Physiol Rev, 79, 73-98.

ZACHOS, N. C., TSE, M. & DONOWITZ, M. 2005. Molecular physiology
of intestinal Na*/H* exchange. Annu Rev Physiol, 67, 411-43.

ZUND, G., MADARA, J. L., DZUS, A. L., AWTREY, C. S. & COLGAN, S.
P. 1996. Interleukin-4 and interleukin-13 differentially regulate
epithelial chloride secretion. J Biol Chem, 271, 7460-4.

266



List of abbreviations

5-HT 5-hydroxytryptamine
ABST bile salt transporters
ACh acetylcholine
ADAM A Disintegrin and Metalloproteinase
ADP adenosine diphosphate
AE2 CI/HCOs. exchanger
amph B amphotericin B
ANOVA analysis of variance
AQP aquaporins
ATP adenosine triphosphate
Best1 bestrophin 1
CaCC Ca?*-activated chloride channels
CAMK Ca?'/calmodulin-dependent protein kinase
cAMP cyclic adenosine-monophosphate
CAP channel activating protease
CCh carbachol
CD Crohn'’s disease
c¢cDNA complementary DNA
CF cystic fibrosis
the cystic fibrosis transmembrane conductance
CFTR
regulator
c¢GMP cyclic guanosine monophosphate
CLCA chloride channels calcium activated
COX cyclooxygenase
ctrl control
DAG diacyl glycerol
DAP! 4'-6-Diamidino-2-phenylindole
DCA deoxycholic acid
DIDS 4,4'-Diisothiocyano-2,2'-stilbenedisulfonic acid
DMSO dimethyl-sulphoxide
DTT dithiothreitol

267



ECM extracellular matrix
EGF epidermal growth factor
EGFR epidermal growth factor receptor
ELISA enzyme linked immunosorbent assay
Epac exchange protein directly activated by cAMP
EPEC Enteropathogenic E.coli
ERK extracellular-regulated kinase
FAK focal adhesion kinase
FRET Forster resonance energy transfer
FSK forskolin
GAPDH glyceraldehyde 3-phosphate dehydrogenase
GF GF109203X
Gl gastrointestinal
GPCR G protein coupled receptors
G4PCRs G protein-coupled receptors
GsPCR G; protein-coupled receptors
IBD inflammatory bowel disease
lcacc CaCC currents
Ik K’ currents
IL interleukin
IP; inositol-1,4,5-trisphosphate
IP, inositol 3,4,5,6-tetrakisphophate
lsc short circuit current
JNK c-Jun NH2 terminal kinase
intermediate-current calcium-activated potassium
KCNN4
channel 4
KCNQ1 Voltage-dependent potassium channel
LPS lipopolysaccharjde
LY LY294002
MAPK mitogen-activated protein kinase
MEK mitogen extracellular kinase
MHC major histocompatibility complex
miRNA micro RNA

268



mRNA
MSD
NBD
NEC
NHE
NKCC1
PAR
PBS
PD

PD
PGE
PI3K
PIP;
PKA
PKC
PKG
PLC
PMSF
PPS

R

RTK
RT-PCR
SB
SCFAs

SDS-PAGE

SFK
SGLT1
SH
siRNA
SPAK
STa
STAT

messenger RNA

membrane spanning domain
nucleotide binding domain
necrotising enterocolitis

Na*/H" exchanger

Na*-K*-2CI" cotransporter
proteinase activated G-coupled receptor
phosphate buffered saline

PD98059

potential difference

prostaglandin

phosphoinositide-3 kinase
phosphatidylinositol-4,5-bisphophate
protein kinase A

protein kinase C

protein kinase G

phospholipase C
phenylmethylsulfonide

physiological perfusion solution
regulatory domain

receptor tyrosine kinase

reverse transcriptase polymerase chain reaction

SB203580
short chain fatty acids

sodium dodecyl sulphate polyacrylamide gel

electrophoresis

src family kinase

Na'*/glucose cotransporter

src homology domain

small interfering RNA

Ste20p-related proline alanine-rich kinase
heat-stable enterotoxin from E.coli

signal transducers and activators of transcription

269



SUMO
TCTP
TDC
TER
TFBS
TG
TGF-a
Tl
TMEM16A
uc
UDCA
Vie
WNK

Small Ubiquitin-like Modifier protein
translationally controlled tumour protein
taurodeoxycholate

transepithelial resistance
transcription factor binding sites
thapsigargin

Transforming growth factor-o
PKCe translocation inhibitor
transmembrane protein 16A
ulcerative colitis

ursodeoxycholic acid
transepithelial voltage

with No lysine kinase

270



Acknowledgements

| would like firstly to express my thankfulness to my supervisor Dr
Stephen Keely for introducing me into world of electrolyte transport and
for sharing with me with his expertise in the adventure of discovering new
routes in colonic epithelial physiology. | would like to thank him for all the
help and advices | get during last three years and for great help during

writing this thesis.

| would like to thank Prof Dr Brian Harvey for help in developing

scientific investigations skills.

| would like to say ‘thank you’ to all the members of ‘team colon’
who always were there with advice as well as for their support. | would
like to thank Ferial, Joe, Niamh, Orlaith and Fiona for being great

colleagues!

| would like to thank to all current and former members of
Molecular Medicine especially Olive for making the work in MolMed
easier, Lorraine, Warren, Ruth, Yamil, Nina, Raphael, Vinciane, Fiona

O’Mahony, Francesco and Mazen,.
| would like to thank my parents Elzbieta and Wladyslaw for their
support. (Chciatlabym podzigkowa¢ moim rodzicom Elzbiecie i
Wiadystawowi za wsparcie).
Finally | would like to acknowledge Science Foundation Ireland for
funding.
Thank You!

Dziekuje !

271



. |

r



