
results from • planar symmetric graft. Both models exhibited counter-rotating 
vor11ces Ill the distal and proxunal outflow segments. However. the asymmetric 
model had vonices with different sizes. It also had higher radial wall shear s~ss 111 
the v1c1nity of the anastomosis. In addition 10 the axial movement of the stagnation 
line seen in planar :;ymmctnc J.nastomoscs. radiaJ movement was observed m the 
asymmetric model. The results suggest that differences between magnitudes of 
shear in symmetric and asymmetric grafts arc not large. but that the locations of 
near-wall flow phenomena can differ substantially. This may be a source of error in 
studies that correlate in vivo intimal hyperplasia with in vitro results from 
symmetric flow models. 

6.3P Circulation 

T6. 136 

Human Coronary Artery Endothelial Cell Migration on a JD, Smooth Muscle 
Cell-Seeded Collagen Substrate in the Presence of Flow 
Stephanie M. Kladax.is. Roben M. Ncrem 
Georgia Institute of Technology, Mechanical Engineering, Atlanta. GA 

In the presen1 study, a system to quantify the migration panems of human 
endothelial cells on a 30 model of the blood vessel wall was developed. The 30 
model of the blood vessel wall was formed by embedding human smooth muscle 
cells CHASMC) in a type I collagen matrix. Auorescently labeled human coronary 
anery endothelial cells (HCAEC) were seeded onto the collagen subs1rate and the 
migration charac1eris1ics of the random moiility coefficient, the displacemen1 in the 
direc1ion of fluid flow and the average distance from the initial position were 
quan1ified over a 24 hour period while exposing the HCAECs 10 either 2.5 or 10 

dynes/cm ·2 shear s~ss. For comparison. HCAEC migra1ion was also quantified on 
collagen-coaled glass. The data from these experiments showed that HCAEC 
seeded onto the JD collagen substrate exhibited a higher random motility 
coefficient and an increased average distance from the initial position over 24 hours 
when compared to HCAEC seeded on10 collagen-coaled glass. Furthermore. 

increasing the shear s~ss from 2.5 10 10 dynes/cm ·2 appears 10 have the primary 
effec1 of directing HCAEC migration in the direction of the flow. but does nae 
appear 10 increase the average disiance from the initial position. 

T6. l37 

Mechanical Force Modulates Beta-Catenln Intracellular Slpallq Activity 
Chris Avvisato1• Aydin Tozeren2• Stephen W. Byersl 
1The Catholic University of America. Biomedical Engineering. Washington. DC, 
2Biomedical Engineering Society, Washington. District of Columbia, 3Gcorgetown 
University. Medical Cenler, Washington. DC 

Beta-ca1enin is a key signal transduction protein in the wnt signaling palhway lhal 
conirols embryonic body patterning and cancer. Elevated levels of Beta~ 
protein, and resulting signaling activity. have been identified in human colon and 
breast carcinoma cells. The n-ansformation of a benign tumor 10 a meustalic swe 
involves cell invasion into the bloods~am or lymphatic system. One of the moe1 
signific;u,1 environmenw changes in tJtis progression is exposun: to shear SlreSS io 
the cin:ularion. In the presen1 srudy the effea of shear siresa. on Betacau:nin 
signaling activiiy in colon and breast carcinoma ceUs was examined. Cells were 
exposed 10 0-35 dyn/cml of shear SIJ'CSS. imposed by laminar ffow in a parallel 
plate flow chamber, for O. 3, 6, and l 2 hours. Beiacaienin signalina activity 
decreased as shear Sll'ess was increased from 0 , 15. 26, and 35 dyn/cm2. For a given 
shear s~ss. Beta-catenin signalina activity decreased as exposun: to shear ffow 
increased in time from O. 3, 6, and 12 hours. Transfection of celb with 
dominan1-negative lcinases ( ll<lu) reversed the shear stress-induced decrease in 
beta-catenin signaling activity. ~ resulis indicate 11w shear for,::e modular.es 
beta-catenin signalina activity through IKX in a lempora.l manner. 

T6. l38 

Breaking Corrdadoe betweell Klnedc Paramden and Klnemadcs ia 
Indicator Dilutioa usina Momenta and Multiple Flows 
Gary Krenz1• Said Audi1, Christopher DawsonJ 
1 Marquene Univenity. Mathematics. Slalistics, and Computer Science. Milwaukee. 

WT. 1Marqucne University, Biomedical Engineering, Milwaukee, WT. 3Medical 
College of Wisconsin/Marqueae Univmity/Z,ablocki V AMC, Physiology/ 
Biomedical Engineerina. Milwaukee, WI 

The multiple indicator dilution (MID) melhod involves injection of a reference 
I measures vascular n-ansil) and lest (measures some cellular function) indicaron 
into an organ's anery followed by venous sampling. Indicator kinetics are 
in1erpreted using linear panial differential equations and include both dispersive 
kinematics (capillary & conducting vessel transi1 time disaibutions) and kinetics of 
indica1or-1issue interactions (membrane n-ansport. metabolism). However, 
correlations berween MID kinetic panmeter estimates and kinematics undermines 
robust parameter estima1ion. Recent numerical studies (Ana. Blomed. Enc-, 
24:33751. 1996) proposed using techniques, such as injections at multiple ffows. to 
break these correlations. Using statis1ical moment analysis, we provide a 
mathematical frarneworic that analytically suppons the obsen<ation dw MID dala 11 

different organ flows separate the impact of kinetics from lcmemaacs. Tiie maJy51s 
also reveals mulripl_e flows. mdependent uf full a-ansu lime inionnaaon. po<enually 
yields ;1grufican1 lonenc parameter information. E.g .. using three moments ,cross 
a fourfold range of PS/flow reveals San~n-Sheppard "1[0 curves ,ontam 
sufficient 111fonnation 10 obtain PS without full knowledge of u-ansu lime 
distributions. Supponed by HI.24349. Fallc Trust. & Dcpanment of Veterans 
Affairs. 

T6.lJ9 

The Shear Stress-induced c•fos Promoter Actintion ls Regulated by Rho 
GTPase and Intracellular Calcium 
Yan-Ting Elizabeth Shiu, Song Li. Yingxiao Wang. Suli Yuan. Benjamin Chen. 
Shu Chien 
University of California. San Diego, Bioengineering. La Jolla. CA 

The shear stress resulting from blood flow modulates a variety of cellular processes 
in vascular endothelial cells (ECs). In this study, we explored the molecular basis 
of c-fos promOler activation in ECs in response 10 shear s~ss. with a spc,:ial 
emphasis on the roles of Rho family small GTPases Rho. Cdc42. and Rae. Bovtne 
aortic ECs (BAECs) were co-n-ansfec1cd with plasmids that encode a luc1fere3SC 
reponer gene conll"Olled by c-fos promoter and the dominan1-negativc mutants of 
Rho, Cdc42. or Rae. The cells were then sheared at 12 dyn/cm2 or kept as static 
conll"Ols for 3 hours. Shear s=s increased the c-fos promoter activity to J folds of 
the static conirols. This induc1ion was diminished by negative mutants of Rho. but 
nor by those of Cdc42 or Rae. Pre-irea1men1 of BAECs with genistein (a tyrosine 
kinase inhibitor). cytochalasin (an actin disrupting drug). or .:olchicine I a 
microtubule disrupting drug) did noc affecl the shear induc1ion of the c-fos 
promoter activiiy. In contrast, BAPT NAM (an inuacellular calcium chelator) 
abolished the shear induction of the c-f05 promoter activity. These results indicate 
that the shear-induced c-f05 promoter activation is regulated by Rho and calcium. 
bur is_ independcnl of Rae, Cdc42, cytoskelelon. and [YTOSine kinase pathways. 

T6.l40 

Etrect of Membrane Ana Expamioa on the Cortical Tensioa ol Humu 
Neutropbils 
Brian Albarran1. H. Ping Ting-Beall2, Doncho V. Zhelev2• Roben M. Hochmuth! 
1
Duke University. Biomedical Engineering, Chino HiUs, CA. !Duke University. 

Mechanical Engineerina and Materials Science, Durham. NC 

A resting human oeutrophi.l behaves, under · a sieady aspiranori pressure. u a 
Newtonian liquid drop will! a surface or cortical tension. Here. we use established 
micropipene techniques to measure the effect of membrane area expansion ·on 
cortical tension. In one set of experimenis. neuttophils were suspended in 
hypotonic solutions and their cortical tension measured. Area expansions of up 10 

- 2.5% resulted io increased cortical iension. represenltd by an apparenl elastic area 
expansion modulus of -40 pN/µ.m. in good agreement with our earlier woric 
(Needham and Hochmuth. Biophys. J. 61: 1664, 1992). In an alternate sci of 
experimenis. neutrophils were entirely aspirlled inio one pipene and their cortical 

tension measW'ed wilb a second pipette. Area expansions of up IO - 25% resulted 

in increased cortical tension and an apparen1 elastic modulus of -40-60 pN/µ.m. 
Thus. the postulaled. persislem cOltical tension docs !IOI appear IO be an unique and 
cOl1SWII panmela" for neutrophils u the membnne area is dilated by either 
osmotic or mechanical fon:e. Additionally, cells Mm«ically contracted 10 varying 
degrees did not behave u a liquid drop but rather as a viscoelastic solid and 

exhibited values of - 3.5-8 pN/ µ.ml for the Young· s modulus. E. in an 
osmolaritydependenl fashioo. (Supported by NIH Gran1 HL-23728). 

T6.141 

The Effect ol Vlbradoa oa ElldotbelJD-1 Procluctloa by Dermal Mlcrovascular 
Endocbellal Cells 
Judy L Cezeaux. William G. Lindsley 
!'la1ional Institute for Occupational Safety and Health. Engineering and Conll"OI 
Technology Brm>eh. Morgantown. WV 

Hand-arm vibruion syndrome (HA VS) is a disorder ufccting woricen using 
vibruing hand tools such u chainsaws. pneumatic hammers and drills. and 
grinders. Vucular disorders are most commonly associated with HA VS and 
manifest as episodes of blanching of the fingers, especially in response 10 cold. 
Because of die similarity of sympcoms of HA VS and Raynaud' s phenomenon. 
HA VS is also referred to as Raynaud' s phenomenon of occupational origin or 
vibruion white finger. 1be purpose of tJtis study is to develop a cellular model IO 
investiglle the effeca of vibration on vascular cells. We grew human deimal 
microvascular endothelial cells on gelatuKoaled 35 mm culture dishes and 
exposed them to a 125 Hz mechanical vibration 11 an accelention of 10 m/s2. After 
4 hours. supenwants were collecu:d from vibra!ed cells and from stationary 
conirols. Endochelin-1 (ET-l) pro<eio levels in die supemaw11 were measured 
usina an enzyme immunousay. 1be number of ceUs in each dish was counted and 
used to nonnalizie ET-I concenlntions. Preliminary resulis indicate tha.t ET-l 
concenlntions were hiat,er for vibnted ceUs as com~ lo conll"Ols. Our results 
sugges1 11w vibration-induced alteralions in ET-l production may be involved in 
the etiology of HA VS. 
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