SEPTEMBER 1994 |

Volume 267 /Number 3

Part 1 of Two Parts
ISSN 0002-9513

~ American
~ Journal of
Physiology

PUBLISHED BY
THE AMERICAN PHYSIOLOGICAL SOCIETY




N

American Journal
of Physiology

SEPTEMBER 1994 /Volume 267, Number 3

American Journal of Physiology:
Cell Physiology

INVITED REVIEW

Signal transduction in vascular smooth muscle: diacylglycerol second messengers and
PKC action
M. W. Lee and D. L. Severson

C659

Shear stress inhibits adhesion of cultured mouse endothelial cells to lymphocytes by
downregulating VCAM-1 expression
J. Ando, H. Tsuboi, R. Korenaga, Y. Takada, N. Toyama-Sorimachi,
M. Miyasaka, and A. Kamiya
ATP is not required for anion current activated by cell swelling in multidrug-resistant
lung cancer cells
J. D. dJirsch, D. W. Loe, S. P. C. Cole, R. G. Deeley, and D. Fedida
Differential expression of I mRNAs in mouse tissue during development and pregnancy
A. Felipe, T. J. Knittle, K. L. Doyle, D. J. Snyders, and M. M. Tamkun
Polyamines influence transglutaminase activity and cell migration in two cell lines
S. A. McCormack, J.-Y. Wang, M. J. Viar, L. Tague, P. J. A. Davies,
and L. R. Johnson
Polyamine deficiency causes reorganization of F-actin and tropomyosin in IEC-6 cells
S. A. McCormack, J.-Y. Wang, and L. R. Johnson
Regulation of parathyroid hormone-related peptide production in normal human
mammary epithelial cells in vitro
M. Sebag, J. Henderson, D. Goltzman, and R. Kremer
Identification of A, adenosine receptors in rat cochlea coupled to inhibition of
adenylyl cyclase
V. Ramkumar, R. Ravi, M. C. Wilson, T. W. Gettys, C. Whitworth,
and L. P. Rybak
Participation of Na* channels in the response of carotid body chemoreceptor cells
to hypoxia
A. Rocher, A. Obeso, M. T. G. Cachero, B. Herreros, and C. Gonzdlez
Activity and density of the Na*/H* antiporter in normal and transformed human
lymphocytes and fibroblasts
M. Siczkowski, J. E. Davies, and L. L. Ng
Role of G proteins in shear stress-mediated nitric oxide production by endothelial cells
M. J. Kuchan, H. Jo, and J. A. Frangos
Effect of isosmotic removal of extracellular Na* on cell volume and membrane potential
in muscle cells
C. Peria-Rasgado, J. C. Summers, K. D. McGruder, J. DeSantiago,
and H. Rasgado-Flores
Effect of isosmotic removal of extracellular Ca?* and of membrane potential on cell
volume in muscle cells
C. Peria-Rasgado, K. D. McGruder, J. C. Summers, and H. Rasgado-Flores

Cover: scanning electron micrograph of endocardial endothelial cells lining left ventricle of perfusion-fixed rat
heart. From D. L. Brutsaert and L. J. Andries. The endocardial endothelium. Am. J. Physiol. 263 (Heart Circ.
Physiol. 32): H985-H1002, 1992.

C679

C688
C700

C706

C715

C723

C731

C738

C745

C753

C759

C768




cAMP and inositol 1,4,5-trisphosphate increase Ca?* in HT-29 cells by activating
different Ca?* influx pathways

G. M. Denning, R. A. Clark, and M. J. Welsh C776
Cytoskeletal dissociation of ezrin during renal anoxia: role in microvillar injury
J. Chen, R. B. Doctor, and L. J. Mandel C784

Glucocorticoids regulate Na*/H~* exchange expression and activity in region- and

tissue-specific manner
J. H. Cho, M. W. Musch, A. M. DePaoli, C. M. Bookstein, Y. Xie, C. F. Burant,

M. C. Rao, and E. B. Chang C796
Ontogeny of cationic amino acid transport systems in rat placenta
M. S. Malandro, M. J. Beveridge, M. S. Kilberg, and D. A. Novak C804

A basolateral CHIP28/MIP26-related protein (BLIP) in kidney principal cells and
gastric parietal cells
G. Valenti, J.-M. Verbavatz, I. Sabolié, D. A. Ausiello, A. S. Verkman,

and D. Brown C812
Anti-idiotypic antibodies to delineate epitope specificity of anti-amiloride antibodies
C. Lin, M. Musch, P. Meo, J. Zebrowitz, E. Chang, and T. R. Kleyman C821

Development of soleus muscles in SHR: relationship of muscle deficits to rise in
blood pressure

A. Atrakchi, S. D. Gray, and R. C. Carlsen C827
Increased Na+t-K* pump number and decreased pump activity in soleus muscles in SHR
dJ. G. Pickar, R. C. Carlsen, A. Atrakchi, and S. D. Gray C836

pH; and serum regulate AE2-mediated C1-/HCOj; exchange in CHOP cells of defined
transient transfection status
L. Jiang, A. Stuart-Tilley, J. Parkash, and S. L. Alper C845

SPECIAL COMMUNICATION

Slowly activating voltage-dependent K+ conductance is apical pathway for K+ secretion

in vestibular dark cells
D. C. Marcus and Z. Shen C857

RAPID COMMUNICATION

Clenbuterol, a Bo-agonist, retards wasting and loss of contractility in irradiated

dystrophic mdx muscle
R.J. Zeman, Y. Zhang, and J. D. Etlinger C865

American Journal of Physiology:
Endocrinology and Metabolism

INVITED REVIEW

Regulation of cell function by the cellular hydration state
D. Hiussinger, F. Lang, and W. Gerok E343

Immunohistochemical localization of the 1,25(OH),Dj3 receptor and calbindin Dyg in
human and rat pancreas

J. A. Johnson, J. P. Grande, P. C. Roche, and R. Kumar E356
Time-dependent regulation by insulin of leucine metabolism in young healthy adults
A. S. Petrides, L. Luzi, and R. A. DeFronzo E361

Insulin’s effect on protein kinase C and diacylglycerol induced by diabetes and glucose in
vascular tissues

T. Inoguchi, P. Xia, M. Kunisaki, S. Higashi, E. P. Feener, and G. L. King E369
Simplified measurement of norepinephrine kinetics: application to studies of aging and
exercise training

J. C. Marker, P. E. Cryer, and W. E. Clutter E380
Enzymatic and genetic adaptation of soleus muscle mitochondria to physical training
in rats

T. Murakami, Y. Shimomura, N. Fujitsuka, N. Nakai, S. Sugiyama, T. Ozawa,

M. Sokabe, S. Horai, K. Tokuyama, and M. Suzuki E388
IGF-I and IGF-binding protein gene expressions in spontaneous dwarf rat

H. Nogami, T. Watanabe, and S. Kobayashi E396
Effects of physiological hyperinsulinemia on counterregulatory response to prolonged
hypoglycemia in normal humans

S. N. Davis, C. Shavers, L. Collins, A. D. Cherrington, L. Price,

and C. Hedstrom E402



Sensitivity of exercise-induced increase in hepatic glucose production to glucose supply
and demand
C. M. Berger, P. J. Sharis, D. P. Bracy, D. B. Lacy, and D. H. Wasserman E411
Increased leucine flux and leucine oxidation during the luteal phase of the menstrual
cycle in women

F. Lariviere, R. Moussalli, and D. R. Garrel E422
Stimulus-secretion coupling in parathyroid cells deficient in protein kinase C activity
F. K. Racke and E. F. Nemeth E429

Evidence for a sustained genetic effect on fat storage capacity in cultured adipose cells
from Zucker rats
V. Briquet-Laugter, 1. Dugail, B. Ardouin, X. Le Liepvre, M. Lavau,

and A. Quignard-Boulangé E439
Effects of substance P on adrenal responses to acetylcholine in conscious calves
A.V. Edwards and C. T. Jones E447

Effect of growth hormone on hepatic glucose and insulin metabolism after oral glucose in
conscious dogs

Y. Okuda, J. Peria, J. Chou, and J. B. Field E454
Comparative effects of IGF-I and insulin on the glucose transporter system in rat muscle

S. Lund, A. Flyvbjerg, G. D. Holman, F. S. Larsen, O. Pedersen,

and O. Schmitz E461
Protein synthesis and breakdown in skin and muscle: a leg model of amino acid kinetics

G. Biolo, A. Gastaldelli, X.-J. Zhang, and R. R. Wolfe E467
Anabolic effects of the B,-adrenoceptor agonist salmeterol are dependent on route
of administration

N. G. Moore, G. G. Pegg, and M. N. Sillence E475

American Journal of Physiology:
Gastrointestinal and Liver Physiology

Intestinal myoelectric response in two different models of acute enteric inflammation

R. W. Sjogren, C. Colleton, and T. Shea-Donohue G329
Multistep mechanism of polarized Ca?* wave patterns in hepatocytes
M. H. Nathanson, A. D. Burgstahler, and M. B. Fallon G338

Effect of a Rab3A effector domain-related peptide, CCK, and EGF in permeabilized
pancreatic acini

S. Zeuzem, D. Stryjek-Kaminska, W. F. Caspary, J. Stein, and A. Piiper G350
Serotonin induces Cl~ secretion in human jejunal mucosa in vitro via a nonneural
pathway at a 5-HT, receptor

J. M. Kellum, M. R. Budhoo, A. K. Siriwardena, E. P. Smith, and S. A. Jebraili G357
Different modulation of hepatocellular Na*/H* exchange activity by insulin and EGF

J. Haimovici, J. S. Beck, C. Molla-Hosseini, D. Vallerand, and P. Haddad G364
Palmitate uptake by hepatocyte suspensions: effect of albumin

F. J. Burczynski and Z.-S. Cai G371
Uptake of taurocholic acid and cholic acid in isolated hepatocytes from rainbow trout

C. M. I. RGbergh, K. Ziegler, B. Isomaa, M. M. Lipsky, and J. E. Eriksson G380
Isotonic volume reduction associated with cAMP stimulation of 36Cl efAux from jejunal
crypt epithelial cells

R. J. MacLeod, P. Lembessis, and J. R. Hamilton G387

Fibronectin in human gallbladder bile: cholesterol pronucleating and/or mucin
“link” protein?
J. F. Miquel, C. Von Ritter, R. Del Pozo, V. Lange, D. Jiingst,

and G. Paumgartner G393
Cholecystokinin rapidly activates mitogen-activated protein kinase in rat pancreatic acini

R.-D. Duan and J. A. Williams G401
Regulation of intracellular pH in crypt cells from rabbit distal colon

S. L. Abrahamse, A. Vis, R. J. M. Bindels, and C. H. Van Os G409
Nitric oxide modulates hepatic vascular tone in normal rat liver

M. K. Mittal, T. K. Gupta, F.-Y. Lee, C. C. Sieber, and R. J. Groszmann G416
Rat parietal cell receptors for GLP-1-(7—36) amide: Northern blot, cross-linking, and
radioligand binding

J. Schmidtler, K. Dehne, H.-D. Allescher, V. Schusdziarra, M. Classen,

J. dJ. Holst, A. Polack, and W. Schepp G423

Role of 100-kDa cytosolic PLA, in ACh-induced contraction of cat esophageal
circular muscle

U. D. Sohn, D. K. Kim, J. V. Bonventre, J. Behar, and P. Biancani G433
Direct measurement of free Ca in organelles of gastric epithelial cells

A. M. Hofer and T. E. Machen G442



Can the liver account for first-pass metabolism of ethanol in the rat?

M. D. Levitt, D. G. Levitt, J. Furne, and E. G. DeMaster G452
Inhibition of rat hepatocyte organic anion transport by bile acids
K. Ishii and A. W. Wolkoff G458

1,25(0OH), vitamin D; activates PKC-a in Caco-2 cells: a mechanism to limit
secosteroid-induced rise in [Ca2*];

M. Bissonnette, X.-Y. Tien, S. M. Niedziela, S. C. Hartmann, B. P. Frawley, Jr.,

H. K. Roy, M. D. Sitrin, R. L. Perlman, and T. A. Brasitus G465
Inhibition of carbon tetrachloride-induced liver injury by liposomes containing vitamin E

T. Yao, S. D. Esposti, L. Huang, R. Arnon, A. Spangenberger, and M. A. Zern G476
Comparison of aldosterone- and RU-28362-induced apical Na* and K* conductances in
rat distal colon

R. B. Lomax and G. I. Sandle G485

RAPID COMMUNICATION

Protein kinase A mediates activation of ATP-sensitive K* currents by CGRP in

gallbladder smooth muscle
L. Zhang, A. D. Bonev, G. M. Mawe, and M. T. Nelson G494

ANNOUNCEMENTS G500

American Journal of Physiology:
Lung Cellular and Molecular Physiology

INVITED REVIEW

Regulation of vascular endothelial barrier function
H. Lum and A. B. Malik L223

Concurrent generation of nitric oxide and superoxide damages surfactant protein A

1. Y. Haddad, J. P. Crow, P. Hu, Y. Ye, J. Beckman, and S. Matalon L242
Leumedin NPC 15669 inhibits antigen-induced recruitment of inflammatory cells into
the canine airways

T. Kaneko, P. G. Jorens, J. B. Y. Richman-Eisenstat, P. F. Dazin,

and J. A. Nadel L250
Characterization of vasoactive intestinal peptide receptors on rat alveolar macrophages

H. Sakakibara, K. Shima, and S. I. Said L256
Expression of the tyrosine phosphatase LAR-PTP2 is developmentally regulated in
lung epithelia

D. Rotin, B. J. Goldstein, and C. A. Fladd L263

Hypoxia induces the synthesis of tropomyosin in cultured porcine pulmonary artery
endothelial cells

U.J. S. P. Rao, N. D. Denslow, and E. R. Block L271
Activation of protein kinase C mediates altered pulmonary vasoreactivity induced by
tumor necrosis factor-a

G. Serfilippi, T. J. Ferro, and A. Johnson L1282
Adrenergic receptor-mediated regulation of cultured rabbit airway smooth muscle
cell proliferation

J. P. Noveral and M. M. Grunstein L291
Cadmium selectively inhibits fibroblast procollagen production and proliferation

R. C. Chambers, R. J. McAnulty, A. Shock, J. S. Campa, A. J. N. Taylor,

and G. J. Laurent L300
Immortalization of subpopulations of respiratory epithelial cells from transgenic mice
bearing SV40 large T antigen

K. Ikeda, dJ. C. Clark, C. J. Bachurski, K. A. Wikenheiser, J. Cuppoletti,

S. Mohanti, R. E. Morris, and J. A. Whitsett L309
Tumor necrosis factor-a decreases pulmonary artery endothelial nitrovasodilator via
protein kinase C

A. Johnson, D. T. Phelps, and T. J. Ferro L318
Contraction of human bronchial smooth muscle caused by activated human eosinophils

K. F. Rabe, N. M. Murioz, A. J. Vita, B. E. Morton, H. Magnussen,

and A. R. Leff 1L.326
Inhibition of lung calcium-independent phospholipase A, by surfactant protein A

A. B. Fisher, C. Dodia, and A. Chander L335



Structure and function of human histamine N-methyltransferase: critical enzyme in
histamine metabolism in airway
K. Yamauchi, K. Sekizawa, H. Suzuki, H. Nakazawa, Y. Ohkawara,
D. Katayose, H. Ohtsu, G. Tamura, S. Shibahara, M. Takemura, K. Maeyama,
T. Watanabe, H. Sasaki, K. Shirato, and T. Takishima

L342

RAPID COMMUNICATION

Effect of chronic respiratory loading on the subunit composition of cytochrome ¢ oxidase
in the diaphragm
Y. Akiyama, R. E. Garcia, L. J. Prochaska, and A. R. Bazzy

American Journal of Physiology:
Heart and Circulatory Physiology

CARDIAC PHYSIOLOGY

Ca?* handling and myofibrillar Ca2* sensitivity in ferret cardiac myocytes with
pressure-overload hypertrophy

J. Wang, K. Flemal, Z. Qiu, L. Ablin, W. Grossman, and J. P. Morgan
Cooling and pH jump-induced calcium release from isolated cardiac
sarcoplasmic reticulum

J. dJ. Feher and I. M. Rebeyka
Characterization of stimulation of phosphoinositide hydrolysis by a,-adrenergic agonists
in adult rat hearts

A. Lazou, S. J. Fuller, M. A. Bogoyevitch, K. A. Orfali, and P. H. Sugden
Ca-dependent facilitation of cardiac Ca current is due to Ca-calmodulin-dependent
protein kinase

W. Yuan and D. M. Bers
Modification of the gating of the cardiac sarcoplasmic reticulum Ca2*-release channel
by H,0; and dithiothreitol

A. Boraso and A. J. Williams
Ryanodine and dihydropyridine binding patterns and ryanodine receptor mRNA levels
in myopathic hamster heart

W. G. Lachnit, M. Phillips, K. J. Gayman, and I. N. Pessah
Thyroid hormone effects on intracellular calcium and inotropic responses of rat
ventricular myocardium

O.H. L. Bing, N. L. Hague, C. L. Perreault, C. H. Conrad, W. W. Brooks,

S. Sen, and J. P. Morgan
Time course of postnatal changes in rat heart action potential and in transient outward
current is different

G. M. Wahler, S. J. Dollinger, J. M. Smith, and K. L. Flemal
Chronic administration of nifedipine induces upregulation of dihydropyridine receptors
in rabbit heart (Rapid Communication)

G. E. Chiappe de Cingolani, S. M. Mosca, M. V. Petroff, and H. E. Cingolani
Hyperperfusion and cardioplegia effects on myocardial high-energy phosphate
distribution and energy expenditure

J. Zhang, L. Shorr, M. Yoshiyama, H. Merkle, M. Garwood, D. C. Homans,

R. J. Bache, K. Ugurbil, and A. H. L. From
Influence of acute alterations in cycle length on ventricular function in chick embryos

C. B. Casillas, J. P. Tinney, and B. B. Keller
Effect of acute edema on left ventricular function and coronary vascular resistance in
the isolated rat heart

A. Rubboli, P. A. Sobotka, and D. E. Euler
Bioenergetics and control of oxygen consumption in the in situ rat heart

J. P. Headrick, G. P. Dobson, J. P. Williams, J. C. McKirdy, L. Jordan,

and R. J. Willis
Left ventricular size, mass, and function in relation to angiotensin-converting enzyme
gene polymorphism in humans

M. Kupari, M. Perola, P. Koskinen, J. Virolainen, and P. J. Karhunen
Cardiac adaptations to chronic exercise in mice

M. L. Kaplan, Y. Cheslow, K. Vikstrom, A. Malhotra, D. L. Geenen,

A. Nakouzi, L. A. Leinwand, and P. M. Buttrick

VASCULAR PHYSIOLOGY

Effect of hypoxia on adherence of granulocytes to endothelial cells in vitro
A. Pietersma, N. de Jong, J. F. Koster, and W. Sluiter

L350

H918

H962

H970

H982

H1010

H1205

H1112

H1157

H1222

H894

H905

H1054

H1074

H1107

H1167

H874



Pertussis toxin-sensitive G proteins in regenerated endothelial cells of porcine
coronary artery

T. Shibano, J. Codina, L. Birnbaumer, and P. M. Vanhoutte H979
Regulation of Ca2*-dependent ATPase activity in detergent-skinned vascular
smooth muscle

Y. Zhang and R. S. Moreland H1032
Nitric oxide selectively amplifies FGF-2-induced mitogenesis in primary rat aortic
smooth muscle cells

A. Hassid, H. Arabshahi, T. Bourcier, G. S. Dhaunsi, and C. Matthews H1040
Effects of ATP on ligand recognition of platelet fibrinogen receptor on GPIIb-IIIa
M. P. Gawaz, P. Mayinger, and F.-J. Neumann H1098

Testosterone increases thromboxane A, receptor density and responsiveness in rat
aortas and platelets

K. Matsuda, A. Ruff, T. A. Morinelli, R. S. Mathur, and P. V. Halushka H887
Pressure-flow relationships in isolated sheep prenodal lymphatic vessels
dJ. Eisenhoffer, S. Lee, and M. G. Johnston H938

Modulation of uterine resistance artery lumen diameter by calcium and G protein
activation during pregnancy

G. D’Angelo and G. Osol H952
Calcium entry and myogenic phenomena in skeletal muscle arterioles
M. A. Hill and G. A. Meininger H1085

TEA inhibits ACh-induced EDRF release: endothelial Ca?*-dependent K* channels
contribute to vascular tone

E. Demirel, J. Rusko, R. E. Laskey, D. J. Adams, and C. van Breemen H1135
Cardiopulmonary bypass impairs vascular endothelial relaxation: effects of gaseous
microemboli in dogs

A. E. Feerick, W. E. Johnston, O. Steinsland, C. Lin, Y. Wang, T. Uchida,

and D. S. Prough H1174
Compliance of isolated porcine coronary small arteries and coronary
pressure-flow relations

M. J. M. M. Giezeman, E. VanBavel, C. A. Grimbergen, and J. A. E. Spaan H1190
Human basilar and middle cerebral arteries exhibit endethelium-dependent responses
to peptides

H. Onoue, N. Kaito, M. Tomii, S. Tokudome, M. Nakajima, and T. Abe H880

Heparin-released superoxide dismutase inhibits postischemic leukocyte adhesion to
venular endothelium
M. Becker, M. D. Menger, and H.-A. Lehr H925
NO donors prevent integrin-induced leukocyte adhesion but not P-selectin-dependent
rolling in postischemic venules

P. Kubes, I. Kurose, and D. N. Granger H931
Assessment of rate of O, release from single hepatic sinusoids of rats

A. Seiyama, S.-S. Chen, T. Imai, H. Kosaka, and T. Shiga H944
Histamine can induce leukocyte rolling in rat mesenteric venules

K. Ley H1017
Geometry of coronary capillaries in hyperthyroid and hypothyroid rat heart

M. I. Heron and K. Rakusan H1024

Thrombin receptor peptide-mediated leukocyte rolling in rat mesenteric venules:
roles of P-selectin and sialyl Lewis X

B.J. Zimmerman, J. C. Paulson, T. S. Arrhenius, F. C. A. Gaeta,

and D. N. Granger H1049
Effects of aging on quantitative structural properties of coronary vasculature and
microvasculature in rats

P. Anversa, P. Li, E. H. Sonnenblick, and G. Olivetti H1062
Leukocyte sequestration in the microvasculature in normal and low flow states

M. J. Eppihimer and H. H. Lipowsky H1122
Microvascular volume changes induced by exercise, heat exposure, or endotoxin injection

J. S. Lee H1142

Spontaneous leukocyte rolling in venules in untraumatized skin of conscious and
anesthetized animals

G. H. G. W. Janssen, G. J. Tangelder, M. G. A. oude Egbrink,

and R. S. Reneman H1199
Simulation of O, transport in skeletal muscle: diffusive exchange between arterioles and
capillaries (Modeling in Physiology)

T. W. Secomb and R. Hsu Hi1214
Role of venular endothelium in control of arteriolar diameter during functional
hyperemia (Rapid Communication)

Y. Saito, A. Eraslan, V. Lockard, and R. L. Hester H1227
Effects of venous pressure on coronary circulation and intramyocardial fluid mechanics

I Izrailtyan, H. F. Frasch, and J. Y. Kresh H1002



Reduced collateral perfusion is a direct consequence of elevated right atrial pressure
D. Manor, S. Williams, R. Ator, K. Bryant, and K. W. Scheel H1151

INTEGRATIVE CARDIOVASCULAR PHYSIOLOGY

Spinal cord excitatory amino acids and cardiovascular autonomic responses

M. West and W. Huang H865
Electrophysiological-anatomic correlates of ATP-triggered vagal reflex in dogs.
II. Vagal afferent traffic

C.M. Hurt, L. Wang, J. Xu, W. Sterious, and A. Pelleg H1093
Baroreflexes influence autoregulation of cerebral blood flow during hypertension
W. T. Talman, D. N. Dragon, and H. Ohta H1183

Comparison of cardiovascular effects of .- and 3-opioid receptor antagonists in dogs
with congestive heart failure
N. Imai, M. Kashiki, P. D. Woolf, and C.-s. Liang H912
Evaluation of spontaneous baroreflex modulation of sinus node during isometric exercise
in healthy humans
F. Iellamo, R. L. Hughson, F. Castrucci, J. M. Legramante, G. Raimondi,
G. Peruzzi, and G. Tallarida H994

American Journal of Physiology:
Regulatory, Integrative and Comparative Physiology

Cardiovascular responses to hemorrhage during acute and chronic hypoxia

T. C. Resta, R. D. Russ, M. P. Doyle, J. M. Martinez, and B. R. Walker R619
Dopamine DA, receptors on vascular smooth muscle cells are regulated by glucocorticoid
and sodium chloride

K. Yasunari, M. Kohno, K. Yokokawa, T. Horio, and T. Takeda R628
Phosphoinositide turnover signaling stimulated by ET-3 in endothelial cells from
spontaneously hypertensive rats

K. Yokokawa, J. Johnson, M. Kohno, A. K. Mandal, M. Yanagisawa,

T. Horio, K. Yasunari, and T. Takeda R635
Opioid growth factor inhibits DNA synthesis in mouse tongue epithelium in a circadian
rhythm-dependent manner

1. S. Zagon, Y. Wu, and P. J. McLaughlin R645
The effect of intracarotid vasopressin infusion on ACTH release in
neurohypophysectomized, conscious dogs

H. Raff, P. E. Papanek, J.-F. Liard, and A. W. Cowley, Jr. R653
Time course of adaptation to a high-fat diet in obesity-resistant and obesity-prone rats

M. J. Pagliassotti, S. M. Knobel, K. A. Shahrokhi, A. M. Manzo, and J. O. Hill R659
Central and systemic k-opioid agonists exacerbate neurobehavioral response to brain
injury in rats

T. K. Mclntosh, S. Fernyak, I. Yamakami, and A. I. Faden R665
Effects of estrogen on thermoregulatory evaporation in rats exposed to heat
M. A. Baker, D. D. Dawson, C. E. Peters, and A. M. Walker R673

Nonuniform enhancement of baroreflex sensitivity by atrial natriuretic peptide in
conscious rats and dogs

R. L. Woods, C.-A. Courneya, and G. A. Head R678
Effect of chronic ANG I-converting enzyme inhibition on aging processes. IV. Cerebral
blood flow regulation

I. Lartaud, T. Makki, L. Bray-des-Boscs, N. Niederhoffer, J. Atkinson,

B. Corman, and C. Capdeville-Atkinson R687
Nocodazole inhibition of organic anion secretion in teleost renal proximal tubules

D. S. Miller and J. B. Pritchard R695
Central effects of glucocorticoid receptor antagonist RU-38486 on lipopolysaccharide and
stress-induced fever

J. L. McClellan, J. J. Klir, L. E. Morrow, and M. J. Kluger R705
Serotonergic activity is depressed in the ventromedial hypothalamic nucleus of
12-day-old obese Zucker rats

V. H. Routh, J. S. Stern, and B. A. Horwitz R712
Calf muscle cross-sectional area and peak oxygen uptake and work rate in children
and adults

S. Zanconato, G. Riedy, and D. M. Cooper R720

Skeletal development in newborn and weanling northern elephant seals

P. Patterson-Buckendahl, S. H. Adams, R. Morales, W. S. S. Jee, C. E. Cann,

and C. L. Ortiz R726
Soleus muscle contractile properties in hypertensive rats

S. D. Gray, R. C. Carlsen, and J. Deng R735



Effect of chronic blood pressure reduction on soleus muscle contractile properties in
spontaneously hypertensive rats

S. D. Gray, R. C. Carlsen, and R. Atherley R740
Parasympathetic-mediated reflex salivation and vasodilatation in the cat
submandibular gland

H. Izumi and K. Karita R747

Plasma potassium may protect sodium pumps of toad hearts from an
endogenous inhibitor

P. L. Else R754
Effect of median eminence lesion on the hypertensive response due to acute
aortic coarctation

J. B. Fregoneze, M. C. O. Salgado, and H. C. Salgado R762
N-acetyl-L-cysteine potentiates depressor response to captopril and enalaprilat in SHRs

F.J. Ruiz, M. G. Salom, A. C. Inglés, T. Quesada, E. Vicente,

and L. F. Carbonell R767
Two pathways for choline transport in eel erythrocytes: a saturable carrier and a
volume-activated channel

S. E. Joyner and K. Kirk R773
Effect of pregnancy on pressure-volume relationships in circulation of rabbits
P. W. Humphreys and N. Joels R780

Differential regulation of central vasopressin in transgenic rats harboring the
mouse Ren-2 gene

A. Moriguchi, C. M. Ferrario, K. B. Brosnihan, D. Ganten, and M. Morris R786
Comparison of Fos-like immunoreactivity induced in rat brain by central injection of
angiotensin II and carbachol

N. E. Rowland, B.-H. Li, A. K. Rozelle, and G. C. Smith R792
Corticosterone-responsive and -unresponsive metabolic characteristics of
adrenalectomized rats

C. R. Hamelink, P. J. Currie, J. W. Chambers, T. W. Castonguay,

and D. V. Coscina R799
Arterial mechanics in the fin whale suggest a unique hemodynamic design
R. E. Shadwick and J. M. Gosline R805

Circadian rhythm of heat production, heart rate, and skin and core temperature under
unmasking conditions in men

K. Krduchi and A. Wirz-Justice R819
Frequency characteristics of sympathetic nerve discharge in anesthetized rats

M. J. Kenney R830
CCK/gastrin-like immunoreactivity in brain and gut, and CCK suppression of feeding
in goldfish

B. A. Himick and R. E. Peter R841

RAPID COMMUNICATIONS

Rapid effect on suckling of an oxytocin antisense oligonucleotide administered into rat
supraoptic nucleus

I. Neumann, D. W. F. Porter, R. Landgraf, and Q. J. Pittman R852
Cardiovascular activation by serotonergic stimulation: role of corticotropin-releasing
factor

A. Dedeoglu and L. A. Fisher R859

American Journal of Physiology:
Renal, Fluid and Electrolyte Physiology

EDITORIAL REVIEW

Role of arginine in health and in renal disease
A. A. Reyes, 1. E. Karl, and S. Klahr F331

Apical membrane and intracellular distribution of endogenous ays-adrenergic receptors

in MDCK cells

M. D. Okusa, K. R. Lynch, D. L. Rosin, L. Huang, and Y. Y. Wei F347
cAMP-dependent effects of vasopressin and calcitonin on cytosolic calcium in rat CCD

E. Siga, A. Champigneulle, and M. Imbert-Teboul F354

Hormonal regulation of MAP kinase in cultured rat inner medullary collecting

tubule cells
L. E. Heasley, S. I. Senkfor, S. Winitz, A. Strasheim, I. Teitelbaum, and T. Berl F366



Role of nitric oxide (EDRF') in radiocontrast acute renal failure in rats
D. Schwartz, M. Blum, G. Peer, Y. Wollman, A. Maree, 1. Serban, I. Grosskopf,

S. Cabili, Y. Levo, and A. Iaina F374
Characterization of the Bs-microglobulin endocytic pathway in rat proximal tubule cells

D. P. Sundin, M. Cohen, R. Dahl, S. Falk, and B. A. Molitoris F380
Effect of respiratory acidosis and respiratory alkalosis on renal transport enzymes

S. Eiam-ong, M. E. Laski, N. A. Kurtzman, and S. Sabatini F390
Changes in mRNAs for enzymes of glutamine metabolism in kidney and liver during
ammonium chloride acidosis

A. C. Schoolwerth, P. A. J. deBoer, A. F. M. Moorman, and W. H. Lamers F400
Dissociation of ammoniagenic enzyme adaptation in rat S1 proximal tubules and
ammonium excretion response

S. R. DiGiovanni, K. M. Madsen, A. D. Luther, and M. A. Knepper F407
Tyrosine protein phosphorylation in plasma membranes of rat kidney cortex

L. Tremblay and R. Béliveau F415
Glomerular hemodynamics in cell-free and erythrocyte-perfused isolated rat kidney

F. B. Gabbai, O. W. Peterson, S. Khang, C. B. Wilson, and R. C. Blantz F423
Epidermal growth factor receptor activation in developing rat kidney

A. V. Cybulsky, P. R. Goodyer, and A. J. McTavish F428
Effect of glucocorticoids on renal cortical NHE-3 and NHE-1 mRNA

M. Baum, O. W. Moe, D. L. Gentry, and R. J. Alpern F437
Effects of ANG II, ET,, and TxA, receptor antagonists on cyclosporin A
renal vasoconstriction

J. D. Conger, G. E. Kim, and J. B. Robinette F443
Luminal acidification in K-replete OMCD;: contributions of H-K-ATPase and bafilomycin-
A,-sensitive H-ATPase

F.E. Armitage and C. S. Wingo F450
Cellular mechanisms of glucose-induced myo-inositol transport upregulation in rat
mesangial cells

A. A. Chatzilias and C. I. Whiteside F459
Modulation of thromboxane receptor activation in rat glomerular mesangial cells

R. F. Spurney, J. P. Middleton, J. R. Raymond, and T. M. Coffman F467
Adaptive responses to Na*-coupled solute transport and osmotic cell swelling in
salamander proximal tubule

S. W. Weinstein and C. Clausen F479
ATP-sensitive K+-selective channels of inner medullary collecting duct cells

S. C. Sansom, T. Mougouris, S. Ono, and T. D. DuBose, Jr. F489
SPECIAL COMMUNICATION
A method for isolation of rat renal microvessels and mRNA localization

dJ. C. Pelayo, M. A. Mobilia, S. Tjio, R. Singh, J. M. Nakamoto, and C. Van Dop F497
RAPID COMMUNICATION
IL-1B stabilizes COX II mRNA in renal mesangial cells: role of 3'-untranslated region

S. K. Srivastava, T. Tetsuka, D. Daphna-Iken, and A. R. Morrison F504



Fibronectin in human gallbladder bile: cholesterol
pronucleating and/or mucin ‘“link’ protein?
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Miquel, Juan Francisco, Christoph Von Ritter, Regi-
nald Del Pozo, Volker Lange, Dieter Jiingst, and Gus-
tav Paumgartner. Fibronectin in human gallbladder bile:
cholesterol pronucleating and/or mucin “link” protein? Am.
oJ. Physiol. 267 (Gastrointest. Liver Physiol. 30): G393-G400,
1994.—Some biliary proteins (pronucleators) seem to be essen-
tial factors for cholesterol crystal formation and crystal growth
in bile. A recent study suggests that fibronectin is such a
pronucleator in bile. Fibronectin also seems to closely interact
with intestinal mucin. Since biliary mucin plays an important
role in gallstone formation, such an interaction in bile may be
of relevance in cholesterol gallstone formation. To more
clearly elucidate the role of fibronectin in cholesterol gallstone
disease, we measured the concentration of fibronectin in
native bile of cholesterol gallstone patients and checked its
influence on the cholesterol nucleation time of model bile. We
further looked for a molecular interaction between biliary
fibronectin and gallbladder mucin. We found that fibronectin
is present in gallbladder bile of gallstone patients in low
concentrations (2.6 += 1.2 pg/ml). Bile fibronectin did not
interact with gallbladder mucin. Moreover, in a wide range of
concentrations fibronectin had no influence on the nucleation
time of model bile. We conclude that fibronectin does not seem
to play a major role in cholesterol gallstone disease.

biliary proteins; cholesterol gallstone disease

———

IT IS NOW WELL ACCEPTED that multiple factors are
involved in the development of cholesterol gallstones in
the human gallbladder (28). Cholesterol supersatura-
tion alone does not explain the formation of stones.
Measurement of ‘‘crystal detection time”’ or ‘‘nucleation
time”” (NT) allows a clear separation of bile samples
from patients with and without cholesterol gallstones,
and it, therefore, appears that cholesterol nucleation is a
critical step in the formation of cholesterol gallstones
(16, 28). Biliary proteins seem to play an important role
in the regulation of the nucleation process (10, 36). In
recent years, major efforts have been undertaken by
different research groups to characterize biliary proteins
that favor precipitation of cholesterol in model bile
solutions (3, 5, 14, 25), to understand the molecular
mechanism of interaction between these proteins and
biliary lipids (12, 22, 25), and to define the relative
importance of different known pronucleating proteins
(26).

In a recent study (7), it has been suggested that
fibronectin, a well-characterized multifunctional extra-
cellular matrix and plasma glycoprotein (33), is a choles-
terol pronucleating protein. The pronucleating effect of
fibronectin on model bile was dose dependent in a range
of concentrations found by the authors in native bile
samples. It was also found that the concentrations of
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biliary fibronectin were significantly higher in patients
with cholesterol gallstones compared with stone-free
patients. However, no correlation between fibronectin
concentrations and NT was found in the native bile
samples.

It is now well accepted that mucin is an important
contributor to cholesterol gallstone formation (21, 36).
In addition to its cholesterol pronucleating effect, the
viscoelastic features of mucin seem to be relevant for its
role in lithogenesis. The high viscosity of mucin may
increase the residence time of lithogenic bile in the
gallbladder lumen (21, 36). The integrity of the macro-
molecular structure of mucin is essential for its rheologi-
cal features. There have been major methodological
difficulties in characterizing the macromolecular struc-
ture of this complex, large, and densely glycosylated
glycoprotein (38). One view holds that an integral low-
molecular-mass protein links mucin subunits to form a
large polymer (‘“‘windmill”’ model). A ““link protein’’ was
isolated from purified human gallbladder mucin (29) but
not from bovine gallbladder mucin (37). Slomiany et al.
(35) have recently postulated that fibronectin closely
interacts with intestinal mucin. It was shown that a
concanavalin A (ConA)-binding fragment of fibronectin
(118 kDa) is immunologically and chemically identical to
the integral ‘“118-kDa link protein’’ component found in
purified mucin in previous studies (8, 24, 29).

The present study was designed to more clearly
elucidate the role of fibronectin in cholesterol gallstone
disease. We 1) measured the concentrations of fibronec-
tin in native bile of cholesterol gallstone patients, 2)
defined the molecular mass and immunological status of
fibronectin in bile, 3) investigated the influence of
fibronectin on the nucleation time of a supersaturated
model bile, and 4) looked for a possible molecular
interaction between biliary fibronectin and gallbladder
mucin.

MATERIALS AND METHODS

Chemicals and reagents. Rabbit polyclonal anti-human
fibronectin was obtained fron Calbiochem (San Diego, CA).
The monoclonal anti-human fibronectin antibody was pur-
chased from Boehringer Mannheim (Mannheim, Germany).
This antibody belongs to the immunoglobulin (Ig) G1 subclass
and reacts with human fibronectin and with proteolytic frag-
ments that bind to heparin (17, 30). Monoclonal anti-human
gallbladder mucin antibodies (GBM 59) were generated in the
laboratories of Dr. A. K. Groen (Amsterdam, Netherlands).
This mouse monoclonal antibody belongs to the IgM class. It
specifically reacts with human gallbladder mucin with no
cross-reactivity to pig gastric mucin, bovine submaxillar mu-
cin, or ConA-binding biliary glycoproteins. The epitope recog-
nized is probably the core sequence of the mucin carbohydrate
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chain. Sepharose 4B-Cl and Sepharose 2B were obtained from
Pharmacia (Uppsala, Sweden). CsCl was purchased from
Beckman Instruments (Palo Alto, CA). All other chemicals
were of analytical grade and were obtained from either Sigma
Chemical (St. Louis, MO) or Merck (Darmstadt, Germany).

Bile collection. Gallbladder bile samples obtained from 10
cholesterol gallstone patients undergoing elective laparoscopic
cholecystectomy were included in the study. At the beginning
of the operation, before any surgical manipulation of the
gallbladder and under visual control, gallbladder bile was
completely aspirated into a sterile syringe by transcutaneous
puncture with a 14-gauge needle. The samples were mixed
with proteinase inhibitors phenylmethylsulfonyl fluoride,
EDTA, N-ethylmaleimide, and NaNj at final concentrations of
1 mM, 5 mM, 10 mM, and 0.02%, respectively. The bile was
immediately transported to the laboratory for further process-
ing. Absence of blood contamination in the samples was
checked by microscopic inspection of bile sediment obtained by
centrifugation of 2 ml bile at 18,000 g for 10 min. Blood-
contaminated bile samples (n = 2) were excluded from the
study. Aliquots for biochemical determinations and fibronec-
tin quantification were flushed with N, and stored at —30°C
and —80°C, respectively. All patients except one had functional
gallbladders as defined by a total lipid concentration >5 g/dl
(9). Cholesterol stones were defined as stones with >50%
cholesterol by weight and presence of multiple cholesterol
monohydrate crystals at direct microscopic inspection of bile
(18). After centrifugation of native bile at 18,000 g for 10 min
at 37°C and subsequent microfiltration over 0.2 pm sterile
Minisart filter (Sartorius, Géttingen, Germany), the NT of bile
was measured as described by Holan et al. (16).

Gallbladder mucosal scrapings. In some of these patients
(n = 7), the fresh closed gallbladder was also obtained. Within
30 min, the gallbladder was opened and gently washed with
0.9% NaCl (4°C). The epithelial surface was scraped with a
glass slide to remove both epithelial cells and adherent mucus
gel (37). The scraping was homogenized on ice in a Potter/
Elvehjem tube for 3 min in 10 mM phosphate buffer and 0.2 M
NaCl, pH 7.4 [phosphate-buffered saline (PBS)] with protein-
ase inhibitors in concentrations as above. The homogenate
was centrifuged at 30,000 g for 30 min at 4°C (70.1 Ti rotor,
Beckman Instruments). The supernatant was stored at —30°C
for later mucin extraction and purification as described below.

Gel permeation chromatography of bile and purification of
mucin. All bile samples were processed immediately after
collection. Fractionation of biliary proteins and mucin extrac-
tion was performed according to the method of Pearson et al.
(29), modified by Harvey et al. (13). All steps described below
were performed under 4°C. Briefly, to remove bile acids, bile
samples (5.0—7.0 ml) were dialyzed for 72 h against distilled
water. containing 0.02% NaNj. The dialyzed bile was centri-
fuged at 30,000 g for 30 min, and the lipid pellet was discarded.
The supernatant was chromatographed on a Sepharose 4B-Cl
column (80 x 2.6 cm) with PBS containing 0.02% NaNj as
eluant, at a flow rate of 10 ml/h. Fractions of 5 ml were
collected. The column was calibrated with standard molecular
mass markers (range from 17 to 670 kDa; Sigma). The
excluded fractions (F-I) containing the mucin-type glycopro-
teins were pooled and concentrated by reverse dialysis with
60% solution of polyethylene glycol to ~ 5 ml. Further purifica-
tion of gallbladder mucin was performed by sequential (2x)
CsCl-density gradient centrifugation (dgc; starting density =
1.42 g/ml). Centrifugation was carried out in 6-ml polyallomer
tubes at 4°C at 300,000 g for 6 h in a TV-865 Sorvall vertical
rotor (Du Pont Instruments, Bad Homburg, Germany). Six
fractions (0.8—1 ml) were collected by tube puncturing from
the bottom (Gradient fractionator; Hoefer Scientific Instru-
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ments, San Francisco, CA). Analysis of proteins and glycopro-
teins was performed as described below. Densities were deter-
mined by weighing the samples. No qualitative or quantitative
differences were observed comparing this mode of CsCl-dgc
with CsCl-dgc at 300,000 g for 24 h in a 70.1 Ti fixed angle
rotor (Beckman Instruments) as described by Smith and
LaMont (37) (data not shown). After dgc, the fractions contain-
ing mucin were pooled, extensively dialyzed against distilled
water, lyophilized, and stored at —30°C for further analysis.

The included fractions from gel chromatography were pooled
in two separate fractions according to the apparent molecular
mass [F-II < void volume (V,) > 200 kDa; F-III < 200 kDal],
dialyzed for 48 h against distilled water, concentrated, lyophi-
lized, and stored as described above.

Electrophoresis and protein blotting. Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) was carried
out in 7% or 5—12% gradient separating gels with 3% stacking
gel according to the method of Laemmli (20). Samples were
run at a constant voltage of 50 mA in a Mighty Small II7CM
vertical slab unit (Hoefer Scientific Instruments). Lyophilized
pure gallbladder mucin was resuspended in 0.1 M tris(hydroxy-
methyl)aminomethane (Tris) buffer, pH 7.5-2% SDS with or
without 0.7 M 2-B-mercaptoethanol (Laemmli’s sample buffer
for reduced and nonreduced conditions, respectively) and
heated at 100°C for 5 min. Some mucin samples were reduced
under more stringent conditions, i.e., by incubation with
Laemmli’s sample buffer for 40 h at 60°C as described by
Pearson et al. (29). Aliquots of lyophilized samples from FII
and FIII and native bile samples were resuspended in 1 ml
distilled water. Proteins were precipitated with 7% (vol/vol)
trichloroacetic acid (TCA) and delipidated with cooled diethyl
ether/ethanol 3:1 (vol/vol) (18). For analytical SDS-PAGE,
the gels were stained for proteins with silver (15) and for
glycoproteins with the periodic acid-Schiff (PAS) method (23).
Electrophoretic transfer of the proteins to nitrocellulose sheets
was carried out in a semidry-blotting system at 170 mA for 90
min. To optimize the protein transfer, methanol content in all
buffers was reduced to 10% and 0.05% SDS (wt/vol) included
in the cathodic buffer. Satisfactory transfer was confirmed by
silver and PAS staining of the blotted gels. The sheets were
blocked by incubation for 2 h at 37°C with 50 mM Tris- HCI at
pH 7.5 containing 0.1% Tween 20 and 0.2 M NaCl (TBS-
Tween 0.1%) (1). For fibronectin detection, the membranes
were incubated for 2 h with rabbit polyclonal anti-human
fibronectin (Calbiochem) or monoclonal anti-human heparin
binding fibronectin fragment (clone 3E1; Boehringer Mann-
heim) antibodies in TBS-Tween 0.05% at a dilution of 1:750.
To detect gallbladder mucin, monoclonal anti-human gallblad-
der mucin antibodies were used (GBM 59) at a dilution of
1:3,000. The antibodies attached to the sheet were detected by
incubation with alkaline phosphatase conjugated sheep anti-
rabbit (Calbiochem) or anti-mouse (Boehringer Mannheim)
immunoglobulins, respectively, and the chromogenic sub-
strates for alkaline phosphatase (5-bromo-4 chloro-3-indolyl
phosphate and nitroblue tetrazolium).

Fibronectin quantification. The concentrations of fibronec-
tin in native bile samples were measured in the laboratory of
Drs. Gressner and Kropf (Marburg, Germany) using a recently
described highly sensitive and specific immunofluorometric
assay (19). Briefly, aliquots of native bile stored at —80°C (for
1-4 mo) were quickly thawed by gentle shaking at 37°C and
diluted 1:10 and 1:100 (vol/vol) in assay buffer (50 mM
Tris-HC], pH 7.5, 0.3 M KCl, 1 g/dl bovine serum albumin,
and 0.05% NaNj). Fibronectin quantification was carried out
with the double antibody-based assay exactly as described
before (19). Monoclonal anti-human fibronectin and polyclonal
rabbit anti-human fibronectin were used as the coated and
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detecting antibodies, respectively. Human-plasma fibronectin
(Boehringer Mannheim, Germany) was used for standard
curves.

Determination of nucleation-influencing activity. Model bile
was prepared according to Groen et al. (11). The final lipid
concentrations were (in mM) 130 taurocholate, 13 cholesterol,
and 30 phosphatidylcholine. The cholesterol saturation index
was 1.2, and total lipid concentration (TLC) was 9 g/dl. The
NT of the control varied from 6 to 9 days with different batches
of model bile. Within one batch of model bile, the SD of NT was
1 day (n = 40). A nucleation-influencing effect was considered
significant when the difference in the nucleation time of the
sample (NTs) with respect to the control (NTc) was two times
the SD (2 days) (11). Human-plasma fibronectin (Calbiochem)
checked for purity with gradient SDS-PAGE (5-12%) under
reducing conditions was used for the additional experiments.
Aliquots of fibronectin diluted in prefiltered PBS (0.2-pm
sterile Minisart filters) were added in duplicate to 500-ul
prefiltered (0.2-pm filters) model bile in 1.5-ml screw cup
sterile Eppendorf tubes to yield final concentrations of 0.5, 1.2,
10, 20. and 40 pug/ml (n = 4 for each concentration). These
concentrations cover the range of fibronectin concentrations
found by us and others (7, 41) in gallbladder bile. Equal
aliquots of PBS but without fibronectin were added to model
bile as controls. NT was determined as described by Holan et
al. (16). To validate the model bile for the nucleation-
influencing activity assay, the effect of well characterized
nucleation-promoting proteins was tested. Biliary pronucleat-
ing proteins were isolated from 500 pl lithogenic gallbladder
bile by ConA Sepharose chromatography exactly as described
before (11). The ConA-binding glycoprotein fraction dissolved
in PBS and free of lipids was added to 500 w1 of model bile to
yield a final protein concentration of 200 wg/ml (n = 2). Equals
volumes of PBS without protein were added to model bile as
control.

Chemical analysis. Biliary lipids in native and model bile
were determined by standard techniques as previously de-
scribed (18). The cholesterol saturation index was determined
using Carey’s critical tables (6). Biliary proteins were mea-
sured after TCA precipitation and delipidation by the Lowry
method modified by Jingst et al. (18), using human serum
albumin as standard. Protein in the eluted chromatographic
and dgc fractions was estimated by the Bradford assay (2).
Glycoprotein was estimated by the modified PAS method (23)
with pig gastric mucin as standard (Sigma).

Statistical analysis. Data are given as means = SE. Associa-
tions between variables were searched with scatter plots and
confirmed by linear regression analysis.

RESULTS

Fibronectin levels in bile. Gallbladder bile was ob-
tained from 10 cholesterol gallstone patients as de-
scribed in MATERIALS AND METHODS. Table 1 shows the bile
composition and cholesterol N'T for the samples studied.
With the use of the double antibody immunofluoromet-
ric assay with a detection limit <5 ng/ml (19), fibronec-
tin was detected in bile of all the study patients.
Concentrations were found to be 2.57 * 1.16 pg/ml
(mean *= SE; range 0.01-11 pg/ml). No significant
correlation was observed between the levels of fibronec-
tin in gallbladder bile and the NT of the samples (r =
—-0.29, P = 0.4) or any other bile component (TLC r =
—0.18; mucin r = —0.25; total protein r = 0.22).

Nucleation influencing activity. Since gallbladder fibro-
nectin was found to be intact antigenically and similar to
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Table 1. Characteristics of gallbladder bile samples

Patient Prgim. ?ﬁ;‘ﬂ;’l FN, pg/ml TLC,g/dl CSI, % é‘g's

1 13.4 0.29 6.03 10.2 149 2

2 31.3 0.14 1.55 20.4 95 11

3 5.4 0.17 0.01 3.7 201 3

4 19.7 0.14 11.0 10.9 110 2

5 8.8 2.20 0.10 17.6 71 >14

6 12.0 0.15 0.28 8.9 85 5

7 33.6 0.92 5.31 12.1 92 ND

8 26.0 0.41 0.62 21.4 101 1

9 9.6 0.25 0.39 12.8 102 2

10 28.3 0.40 0.47 14.2 125 1
Means + SE 18.7 0.52 2.57 13.2 113 4.6
+9.7 063 3.5 +5.1 +36 +4.7

Concentrations of total protein, mucin, fibronectin (FN), total lipids
(TLC), cholesterol saturation index (CSI), and nucleation time (NT) of
gallbladder samples collected from 10 patients with cholesterol gall-
stones.

plasma fibronectin (see Fig. 2), we decided to use plasma
fibronectin to study the effect of fibronectin on the
nucleation time of supersaturated model bile. All the
previous studies on the pronucleating activity of fibronec-
tin have also been performed with plasma fibronectin (4,
7). Fibronectin used showed a single protein band with a
molecular mass of 440 kDa on a gradient SDS-PAGE
(5-12%) under nonreducing conditions. As shown in
Table 2, fibronectin had no effect on the nucleation time
of supersaturated model bile in the range of concentra-
tions found in gallbladder bile from gallstone patients
(Table 1). In contrast, ConA-binding glycoprotein frac-
tion (200 pg/ml) isolated from lithogenic bile showed a
significant nucleation-promoting activity with an NTs/
NTec ratio of 0.47 = 0.02 at a concentration found in
native bile.

Evaluation of structure and potential mucin associa-
tion of biliary fibronectin. Bile obtained from the gallblad-
ders of 10 patients with cholesterol gallstones was
fractionated on a Sepharose 4B-Cl column. Figure 1A
shows a representative chromatographic elution profile
of a bile sample. A strongly PAS-positive glycoprotein
fraction was excluded from the Sepharose 4B column
together with lipids in vesicular form (as assessed by the
cloudy appearance of the tubes). This excluded fraction
was termed FI. The included fractions were pooled in
FII (< V, > 200 kDa) and FIII ( <200 kDa).

Table 2. Effect of FN on NT of model bile

FN, pg/ml NTs/NTe
0.5 09=+0.1
1.2 1.1+0.3

10.0 1.2+0.2
20.0 1.1+0.1
40.0 1.1+x0.1

Nucleation time (NT)-influencing activity of fibronectin (FN). Nucle-
ation-influencing activity is expressed as the ratio of NT of model bile
with FN (NTs) over the NT of model bile with phosphate-buffered
saline, i.e., control (NTe) (11). NT of the controls ranged from 6 to 9
days with a SD of 1 day. Pronucleating activity was defined as a ratio
<0.73 and antinucleating activity as a ratio >1.3 (11). Values are
means *+ SE ol 4 experiments.
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Fig.1. A:Sepharose 4B-Cl chromatography of predialyzed bile sample.
Bile (4—7 m]) was applied to the column (80 x 2.6 cm) and eluted at a
constant flow rate of 0.3 ml/min at 4°C with PBS (10 mM phosphate
buffer, 0.2 M NaCl, 0.02% NaN3j, pH 7.4) as eluant. Fractions of 5 ml of
the eluate were collected and screened for glycoprotein (@) by the
method of Mantle and Allen (23) and for protein (a) by the method of
Bradford (2). Excluded fractions rich in mucin type-glycoprotein were
pooled in FI; the included fractions were separately pooled according
to their molecular mass in FII | < void volume (V,) > 200 kDa| and
FIIT (<200 kDa). Arrows indicate elution of molecular mass stan-
dards. B: 5-12% gradient sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) of biliary proteins. Proteins from native
bile (BG) and from the pooled eluted fractions after Sepharose 4B-Cl
chromatography (A; FI,II and III) were precipitated with 7% trichloro-
acetic acid followed by ether/ethanol (3:1) delipidation. Samples were
resuspended in Laemmli’s sample buffer under reducing conditions. A
constant mass of 50 p.g protein or glycoprotein (FI) was applied to each
line. The gel was first stained for protein with silver (a) and counter-
stained thereafter with periodic acid-Schiff reagent (b). Migration of
molecular mass markers as indicated (kDa).

Gradient SDS-PAGE with silver stain and counter-
staining with PAS (Fig. 1B) showed that high molecular
mass glycoproteins (mucin) were the main constituents
of FI. A high molecular mass polypeptide band is
visualized at the top of the gel in native bile and FI; this
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band stained intensely with PAS. However, other weakly
stained low molecular mass proteins coeluted together
with mucin in FI. Several polypeptide bands visualized
with silver and/or PAS stain were found in FII and FIII.
As expected, the most predominant protein in FIII had a
molecular mass of 62 kDa and likely corresponded to
albumin.

Immunoblotting of native biliary proteins and eluted
protein fractions (FI-III) separated on SDS-PAGE un-
der reducing and nonreducing conditions was carried
out with polyclonal and monoclonal anti-human fibronec-
tin antibodies. Under nonreducing conditions anti-
human fibronectin antibodies detected a weak single
polypeptide band with an apparent molecular mass of
440 kDa in native bile and in FII. This protein was
identical to standard plasma fibronectin (data not
shown). As expected, under reducing conditions the
protein ran as an equimolar doublet with a relative
molecular mass of 220 kDa that comigrates with the
bands of plasma fibronectin (Fig. 2). Reactivity with
anti-human fibronectin antibody was not observed in
the mucin-rich excluded fractions (FI) of any of the 10
bile samples.

The excluded fractions (FI) from the Sepharose 4B-Cl
chromatography were further purified by CsCl-dge (2 ).

FN B FI FIl Fll

205 —

Fig. 2. Detection of fibronectin (FN) in native bile and in biliary
protein fractions after Sepharose 4B-Cl chromatography (Fig. 1) using
monoclonal anti-human FN antibody. SDS-PAGE was carried out on a
7% gel under reducing conditions. Western blots of standard plasma
FN (lane FN, 0.1 pg), native biliary proteins (lane B, 300 wg), or
proteins from the pooled eluted fractions after Sepharose 4B-Cl
chromatography (lanes FI, FII, FIII, 300 pg protein for each lane)
were probed with monoclonal anti-human FN antibody. As shown,
standard FN is recognize as a doublet band with a molecular mass of
220 kDa. An identical doublet was shown in native gallbladder bile
(lane B) and only in FII after gel chromatography. None of the low-
molecular-mass proteins that comigrate with mucin in FI (see Fig. 1B)
react with anti-human FN antibody (lane FI).
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Because of the particular buoyant properties of mucin,
this procedure separates highly glycosylated proteins
(high-density fraction 1) from noncovalently bound
proteins and lipids (lower density fractions 5-6; Fig. 3).
Mucin recovered after dgc was free of low molecular
mass proteins as assessed by gradient SDS-PAGE under
nonreducing condition and silver stain. Integrity of the
purified mucin was assessed by rechromatography on
Sepharose 2B column. One milligram of purified gallblad-
der mucin was resuspended in PBS and loaded on the
column. One-hundred percent of the PAS-positive puri-
fied glvcoprotein remained in the excluded fractions. No
low molecular mass break-down products were found
(Fig. 4). Purified gallbladder mucin was then reduced by
incubation with 0.7 M mercaptoethanol Laemmli sample
buffer for 40 h at 60°C and dialyzed for 24 h against
PBS. To assess the degree of reduction achieved, re-
duced mucin was also fractionated on Sepharose 2B
(Fig. 4). Over 85% of the total glycoprotein recovered
was included and eluted with a K, of ~0.36, indicating
a satisfactory reduction of disulfide bridges (29, 37).
SDS-PAGE of pure biliary mucin under reducing condi-
tions (either boiled for 5 min or incubated at 60°C for
40 h as described above) failed to show any mucin-
associated low molecular mass protein with silver stain.
All the low molecular mass proteins that coeluted with
mucin in FI of the Sepharose 4B-Cl chromatography
were recovered together with lipids in the low-density
fractions (fractions 5—6) after CsCl-dgc (Fig. 5). Further-
more, dot blots of purified soluble biliary mucin, mucin
extracted from gallbladder epithelial scraping, and pro-
teins recovered from the low-density fractions showed
no immunoreactivity with anti-human fibronectin anti-
bodies. In contrast, a strongly positive immunoreactiv-
ity of both types of samples was observed with specific
anti-human gallbladder mucin antibody (Fig. 6).
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Fig. 3. Sequential CsCl-density gradient centrifugation of mucin-rich
void volume fractions. FI of Sepharose 4B chromatography (Fig. 1A)
was centrifuged in a vertical rotor at 300,000 g for 6 h. Starting
density was 1.42 g/ml (dotted line). After centrifugation, the tubes
were fractionated into 6 equal fractions (0.8—1 ml) by puncturing the
bottom and were analyzed for glycoprotein (®) by the method of
Mantle and Allen (23) and protein (a) by the method of Bradford (2).
Inset, initial CsCl-density gradient centrifugation (dge) step. Duplicate
samples of fractions 1 and 2 from the initial dgc were diluted, brought
to a density of 1.42 g/ml, and centrifuged once more under identical
conditions (main graph).
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Fig. 4. Sepharose 2B chromatography of 1 mg of purified human
gallbladder mucin before (®) and after reduction by incubation at 60°C
for 40 h with 0.7 M mercaptoethanol (0). The column (85 x 2.6 cm)
was eluted at a constant flow rate of 10 ml/h, and fractions of 5 ml
were collected. The eluant was 0.2 M NaCl, 0.02% NaNj, pH 7.4.
Glycoprotein was estimated by the method of Mantle and Allen (23).
Arrows indicate elution of molecular mass standards.

DISCUSSION

Fibronectin, a well-characterized multifunctional ex-
tracellular matrix and plasma protein (33), has been
implicated to be a pronucleating agent of cholesterol in
bile (7). In addition, it has recently been postulated that
fibronectin closely interacts with mucin (35). In this
context, the aim of the present study was to further
define the possible role of fibronectin in the pathogen-
esis of cholesterol gallstone disease.

The concentrations of fibronectin in human gallblad-
der bile from cholesterol gallstone patients measured
with an immunofluorometric assay (19) were in the
same range as the concentrations previously described
for gallstone patients using other methods (7, 41). In
addition, we have found with immunoblot analysis using
specific polyclonal and monoclonal antibodies against
plasma fibronectin that bile fibronectin was antigeni-
cally intact and showed a similar molecular mass to
plasma fibronectin (i.e., a doublet with 220 kDa under
reducing conditions). No lower molecular mass proteo-
lytic fragments of fibronectin were found.

The source of fibronectin in bile is unknown. Since
hepatocytes appear to synthesize and secrete plasma-
type fibronectin (39), it has been postulated that biliary
fibronectin is of hepatic origin (7). However, in hepato-
cytes sorting and secretion of fibronectin into bile have
not been demonstrated. Fibronectin is one of many
plasma glycoproteins present in bile (27). Its concentra-
tion in bile is <1% of the normal plasma concentration
(300 pg/ml) (40). This is in the range of bile/plasma
ratio measured for other plasma proteins (albumin,
ag-macroglobulin, and IgG) that use a hepatic paracellu-
lar pathway to reach the bile (27). Therefore, in addition
to active secretion plasma fibronectin may passively
diffuse through hepatic paracellular shunts into bile.
However, fibronectin may also reach gallbladder bile by
diffusion across the gallbladder epithelium. Fibronectin
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Fig. 5. Fiveto 12% gradient SDS-PAGE of purified gallbladder mucin.
Biliary mucin was isolated by Sepharose 4B-Cl chromatography and
purified by sequential CsCl-dgc (Figs. 1A and 3). The high-density
fractions 1 and 2 from the 2nd run were pooled, dialyzed, and
lyophilized. Mucin was resuspended in Laemmli’s sample buffer.
Reduction was carried out by incubation with 0.7 M mercaptoethanol
at 60°C for 40 h. Lane I, 100 pg nonreduced mucin; lane 2, 100 g
reduced mucin; lane 3, low-density fractions 5-6 from the 1st run of
the CsCl-dgc. The gel was stained with silver (a) and counterstained
with periodic acid-Schiff reagent (b). After reduction, both the polypep-
tide band at the top of the gel (a) and the single periodic acid-Schiff
band (b) became broader. Reduction did not release any mucin ‘“‘link
protein.” The position of the molecular mass standards is shown at
right (kDa).

Fig. 6. Dot blot analysis of purified biliary mucin 1
and mucin extracted from gallbladder epithelial
scraping. Soluble biliary mucin and mucin from
gallbladder epithelial scraping were extracted and
purified as described in MATERIAL AND METHODS.
Standard plasma fibronectin (lane 1), purified
soluble biliary mucin (lane 2), and mucin from
epithelial scrapings (lane 3) were probed with
either monoclonal anti-human fibronectin (A) or
monoclonal anti-human gallbladder mucin (B) an-
tibodies. Lane 4, low-density fraction from the 1st
run of the CsCl-dge step. Amount of protein (pg)
applied to each row of dots is show at right for
mucin and low-density fractions proteins and at
left for fibronectin.
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can be produced by macrophages, fibroblasts, polymor-
phonuclear leukocytes, and epithelial cells. Gallbladder
inflammation is a frequent finding in gallstone patients.
Biliary fibronectin appears to be higher in acute cholecys-
titis than in chronic cholecystitis and stone-free patients
(7, 41). Increased levels of fibronectin have been mea-
sured in body fluids other than plasma as a consequence
of epithelial damage and/or inflammation (19, 31, 34).
We have observed that biliary concentrations of fibronec-
tin did not correlate to the total lipid or bile salts
content, i.e., biliary concentrations were independent of
the degree of concentration of hepatic bile by the
gallbladder. The absence of such a correlation points
toward the gallbladder as the source of fibronectin in
gallbladder bile. Conceivably therefore, fibronectin may
leak through a damaged gallbladder epithelium into bile.
Further studies are needed to better define the origin of
fibronectin in bile.

Fibronectin failed to accelerate cholesterol nucleation
in model bile in the range of concentrations measured in
gallbladder bile of cholesterol gallstone patients (Table
2). This finding is supported by a recent study of Bruijn
et al. (4) in which plasma fibronectin used in concentra-
tions similar to in our experiments had no effect on
cholesterol crystal growth in model bile. There are,
however, major differences between both the latter
study and our data and the study of Chijiiwa et al. (7) in
which a marked pronucleating activity of plasma fibro-
nectin was found. The reasons for this discrepancy are
unclear. Methological differences in the preparation of
the model bile may at least in part explain the different
findings. We used a well-defined supersaturated model
bile that has previously been shown to be a good in vitro
model for cholesterol nucleation assays (11, 14, 25).
Positive control assays using ConA-binding biliary pro-
teins exerted the expected pronucleating effect in this
model bile. Chijiiwa et al. (7) used a relatively fast
nucleating bile (4 days) with a comparatively low sensi-
tivity for pronucleating activity.

Studies on the cholesterol pronucleating activity of
fibronectin in bile have all been performed using plasma
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2 3 4 1 2 3

-25

-50



BILIARY FIBRONECTIN AND GALLSTONE DISEASE

fibronectin. Chijiiwa et al. (7), Bruijn et al. (4), and we
have used plasma fibronectin because it appears that
fibronectin in bile is identical to plasma fibronectin. To
test this view, we have performed gel chromatography,
SDS-PAGE, and Western blots on native bile. These
experiments show identical immunoreactivity and iden-
tical molecular mass of bile and plasma fibronectin (Fig. 2).

A tight association between the ‘“‘sticky’’ fibronectin
and phospholipid vesicles has been reported (32). This
observation appeared to support the view that fibronec-
tin may exert pronucleating activity and may be the
mechanism of its pronucleating effect in bile (7). How-
ever, as we have recently shown (25), a tight interaction
of proteins with biliary vesicles does not necessarily
implicate pronucleating activity of proteins. Indeed, in
this previous study only three of the six proteins bound
to vesicles isolated from hepatic bile of cholesterol
gallstone patients exerted pronucleating activity. For
the present study, it is of interest that fibronectin was
not found to be bound to purified native biliary vesicles.

Gallbladder mucin is known to be a pronucleator in
model bile. In addition, since it is the major determinant
of bile viscosity it may profoundly influence gallbladder
emptying and cholesterol crystal growth (21). The integ-
rity of the macromolecular structure of mucin is essen-
tial for these mucus functions. For years, it has been
postulated that mucin contains so-called integral link
proteins that hold monomeric basic units together by
covalent bonds to form the macrostructure of the large
functionally active mucin (windmill model) (38). In
intestinal mucin, the antigenically and chemical proper-
ties of a 118-kDa link protein appeared to be identical to
a fibronectin fragment (35). A similar mucin-link pro-
tein has been previously postulated for gallbladder
mucin (29). However, our gel chromatographic fraction-
ation studies in combination with SDS-PAGE (Fig. 1B)
and immunoblotting analysis (Figs. 2, 5, and 6) clearly
show that fibronectin does not interact with soluble
biliary mucin or muecin purified from gallbladder epithe-
lial scrapings. Furthermore, under effective reducing
conditions, purified gallbladder mucin did not release
any other low molecular mass link proteins as assessed
by gradient SDS-PAGE with silver stain. This observa-
tion is supported by elaborate studies of Smith and
LaMont (37), which also failed to detect a mucin-link
protein in bovine gallbladder mucin. Low-molecular-
mass proteins (120—-30 kDa) that coeluted with mucin in
the V, fraction of gel chromatography (Fig. 1) were
completely separated from mucin-type glycoproteins
after a first or second run of CsCl-dge (Figs. 3 and 5),
showing that these proteins were not covalently bound
to mucin. It is therefore, quite conceivable that most of
these low- molecular-mass proteins coelute in the V,
fraction because of a close binding to biliary vesicles and
not to mucin (25).

In conclusion, fibronectin is present in gallbladder bile
of cholesterol gallstone patients in concentrations simi-
lar to body fluids other than plasma. Bile fibronectin is
antigenically intact and has a molecular mass similar to
plasma fibronectin. In a wide range of concentrations,
fibronectin has no effect on the nucleation time of
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supersaturated model bile. Purified human gallbladder
mucin does not interact with biliary fibronectin nor does
it require an integral link protein to maintain its
macromolecular structure. Taken together, our data do
not support a role of fibronectin in cholesterol gallstone
disease.
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