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A Novel In-Vitro System for the
Simultaneous Exposure of
Bladder Smooth Muscle Cells to
Mechanical Strain and Sustained
Hydrostatic Pressure

The novel hydrostrain system was designed in an effort to establish and maintain condi-
tions that simulate the in-vivo mechanical environment of the bladder. In this laboratory
system, ovine bladder smooth muscle cells on flexible, 10-cm-dia silastic membranes were
exposed simultaneously to hydrostatic pressure (40 ¢@,Ha pressure level currently
associated with bladder pathologies) and mechanical strains (up to 25 percent) under
standard cell culture conditions for 7 h. Under these conditions, Heparin Binding-
Epidermal Growth Factor and Collagen Type Il mRNA expression were significantly
increased (p<0.01 and 0.1, respectively); however, no changes were observed in Col-
lagen Type | mMRNA expression. Decreases in the Collagen Type I:Type Ill ratio following
simultaneous exposure of bladder smooth muscle cells to pathological levels of hydro-
static pressure and mechanical strain in vitro are in agreement with clinically observed
increases in Collagen Type Il with concomitant decreased human bladder compliance.

The results of the present study, therefore, provide cellular/molecular level information
relevant to bladder pathology that could have significant implications in the field of
clinical urology. [DOI: 10.1115/1.1449903

Keywords: Hydrostrain System; Bladder; Smooth Muscle Cells; Mechanical Forces;
mMRNA; Collagen Type I; Collagen Type Ill; Heparin Binding-Epidermal Growth Factor

Introduction sponses of cultured bladder smooth muscle cells to hydrostatic

In vivo, the effects of mechanical forces on the bladder Waﬂressgre apd reported similar eﬁe@lﬁ], as well as significant
and its constitutive components are necessary for normal, phyditerations in the control mechanisms for collagen turng8.
ological development and are integral to the function of this oflthough these systems have provided a starting point for under-
gan. For example, it has been hypothesized that poor developmgtanding the cellular- and molecular-level responses of the bladder
of the bladder wall in cases of exstrophy-epispadias complex atigsue to mechanical forces, they suffer from important limita-
of bilateral single system ectopic ureters in females is due to latikns. For example, the fashion in which the mechanical stimulus
of mechanical stimuli on the detrusor during developni@rt3].  was applied(i.e., multiple cycles of stretch and relaxation per
In contrast, conditions involving excessive mechanical force, sugfinute[9—13) or isolated exposure to hydrostatic pressure in the
as bladder outlet obstruction, have been associated with hyperiigzence of stretcfL2]) failed, in many respects, to mimic the

phy (_)f the bladder wall tissue, increased synthesis of_extracellu ents occurring in the bladder under normal, physiologic condi-
matrix components, and subsequent loss of bladder tissue compli-

. . ns. In addition, the effects of hydrostatic pressure and of me-
ance[4-7]. When bladder outlet obstruction persists over man . . . . . .
years, the cellular and mechanical consequences of increaggamcal straln.applled S|multa.neou$ty|.at IS, In amanperwhlch
bladder pressure and wall hypertrophy contribute not only to clinpimulates the in-vivo mechanical environment of this ojgan
cal deterioration of the bladder but, ultimately, to kidney damaddadder tissue function, as well as the mechafggibehind these
and/or failure as wel[8]. responses, have not been investigated at the cellular/molecular
Several researcherf9—13 have exposed cultured bladderevel.
smooth muscle cells, the predominant cell line of the bladder wallIn order to address this issue, the present study involved the
tissue, to various types of mechanical forces in vitro. Results désign of a novel laboratory system which would more closely
such studies have provided evidence that exposure of smostfulate the in-vivo environment of the bladder wall tissue; such
muscle cells to mechanical straimp to 25 percent at a frequencyan in-vitro system must expose bladder cells simultaneously to
of 1 Hz) leads to a time-dependent increase in Heparin Bindingyih hydrostatic pressure and mechanical strain. For this reason,
Epidermal Growth Factor mRNA-levelgvith maximum |evels o qyel hydrostrain system was designed to incorporate specifi-

after 4 hours of exposure to straiff], increased HB-EGF pro- __. : L ) . . i
moter activity [9], and increased collagen Type Ill synthesis?atlons pertinent to the in-vivo physiological and pathological me

[10,11). Subsequent work in our laboratories investigated the rgbamcal enwronm_ent of bladder tissue and was used in the
present study to simultaneously expose bladder smooth muscle

ICurrent address: Department of Biomedical Engineering, Purdue Universi&eIIs to hydr.ostatlc.pressure of .40 cmGi(a p.ressure. level cur-
West Lafayette, IN 47905. rently associated with bladder disease and kidney faikame me-
Contributed by the Bioengineering Division for %uglicerl]tion in ttAURNAL OF  chanical strains in the range of 5to 25 percent. Strain variations of
BIOMECHANICAL ENGINEERING. M ipt i the Bi ineering Divi- , . ; .
oot recaived Decamber & 2001, Asaaciate £HiS Magnitude are appropriate for the present model because

sion August 3, 2000; revised manuscript received December 5, 2001. Associate . g . . - :
tor: V. T. Turitto. bladder tissue is exposed to various regional mechanical/material
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Screws ber. The hydrostrain system was fully assembled, screw-tightened,
Port for ¢ sterilized by autoclaving at 250°C for 20 min, and allowed to air
filtered . . . .
dry at room temperature in a sterile environment overnight.

Screws

. L] Strain Quantification. Radial strain quantification measure-
exchange ments(for a given applied pressurevere performed empirically
‘ by visualizing the circular flexible membrane deflection using
X video analysig[15]. Briefly, toner powder was used to imprint
marks of concentric circles on the silastic membrane surface. The
o = ® o hydrostrain system was then placed under a microscope/video sys-
d .'. L tem (Nikon/Hitach)), where images of the undeformed and de-
A formed (with deflection resulting from exposure to 40 cmy®
Silastic pressurgcircles were captured using Image Pro RiMedia Cy-
Gasket, /g | @ - o bernetics Image Analysisimages of undeflected and deflected
e - - silastic membranes were stored electronically for later analysis. A
hd * wax mold of the deflected membrane was also cast and used to
L < © determine the angle of inclinatiofwith respect to a horizontal
line of sighy of the deformed silastic membrane.

The average radial straig, , at a given locationt, for a spe-
cific applied pressure was determined by the following equation

Polycarbonate Pressure port

[15]:
—_ Smooth Muscle Cells I-D
Silastic — Lo
Membrane, cosd
10.3 cm g =—
Lo

‘ 4 O-ring wheree, is the mechanical straifa function only of radial posi-
Bolycarbiniats tion, r), Lp is the deformed thicknes$n mm) of an arc of the

< —tan membranel o, is the original thicknesgin mm) of an arc of the

membrane, and is the anglg(in deg of inclination.
Fig. 1 Schematic diagram of the hydrostrain system. A sche-
matic diagram (not to scale ) of the Hydrostrain System used to

expose bladder smooth muscle cells simultaneously to me- Simultaneous Exposure of Bladder Smooth Muscle Cells to
chanlcal)stralns (up to 25 percent ) and hydrostatic pressure (40 pMechanical Strain and Sustained Hydrostatic Pressure
cm H,0

Bladder Smooth Muscle Cell Isolation and CultureBladder
smooth muscle cells were isolated from explants of neonatal lamb

conditions in vivo; recent studies used computed tomograpbzadder muscularis using techniques we have previously described
(CT) reconstructions and confirmed that extremely complex, ah$6], were maintained in Dulbecco's Modified Eagle Medium
nonuniform, strain fields exist along various regions of the bladdd?MEM; Gibco), supplemented with 10 percent fetal bovine se-
wall tissue[14]. rum (Gibco), and were cultured under standard cell culture con-
This novel, custom-designed, and fabricated laboratory systefions (a sterile, humidified, 37°C, 95 percent air/5 percen,CO
along with in-vitro cellular models and molecular-level tech€nvironment Smooth muscle cells were passaged using trypsin
niques, were then utilized in the present study to investigate tife@ PET solution(an enzyme solution containing 0.01 percent
cellular and molecular-level responses of bladder smooth mus€f@ylene glycol big-aminoethyl ethgr N,N,N’,N’,-tetraacetic

cells simultaneously exposed to sustained hydrostatic pressure 8fidl: 0.05 percent trypsin, 0.5 percent polyvinylpyrrolidine, 0.5
to mechanical strain. percent 4-2-hydroxyethyl-1-1 piperazineethanesulfonic acid, and

0.9 percent sodium chloride in distilled water; all chemicals were
obtained from Sigma The smooth muscle cell phenotype was
confirmed using immunohistochemical staining farsmooth
muscle actin using the Multispecies Ultrastreptavidin Detection
System(Signet Laboratorigs

Preparation of Flexible Silastic SubstratesSYLGARD 184 All experiments were performed using cells of passage 2-5.

Silicone Elastomer&Dow Corning was mixed(10:1, w/w) with . . .
a silicone resin curing ageibow Corning and de-aired by ex- Experiments. Prior to ovine bladder smooth muscle cell seed-

posure to vacuum at 25 in Hg for 30 min. The elastomer was thgtg .(|12f,%32 Ce”.S/CZ@* th/e ii'lass.tic membrqnis wedrehcoated "l"ith
poured to a shedD.1+0.003 cm thick and cured at 23°C for 7 St€M'€ ibronectin(20 ng/mL; Sigma overnight and then gently
days. Following full cure, the silicone sheets were soaked in 1r,{psed with sterile PBS. These cells were then cultured under stan-

HCI for 2 h. soaked in 1N NaOH for 1 hour. and sterilized in E&ﬂard cell culture conditions for one day. At that time, bladder
steam auto,clave at 250°F for 20 min. ' smooth muscle cells were simultaneously exposed to mechanical

strains of up to 25 percent and hydrostatic pressures of 40£n H

Design of the Hydrostrain SystemA novel laboratory setup for 7 consecutive hours. Designated hydrostatic pressiaed
that allows simultaneous exposure of bladder smooth muscle cebisulting strains on the cell layer were achieved by applying
to mechanical strain and hydrostatic pressure was designed, @ser approximately 30 mjnand maintaining pressure with a
sembled, and calibrated. This systésnhematically shown in Fig. 60-mL sterile syringéCorning attached to the pressure péy a
1) consisted of a machine-milled polycarbonate stretching systefaur-way stopcock
a 0.5-mm-thick silastic gaskébow Corning, a flexible, silastic Smooth muscle cells maintained under 0.3 cyOHpressure
membrang1l mm thick; 10 cm in diameter; elastic modu®0 and no mechanical strain, on either flexible silastic substfd@s
MPa), and an O-ring. Filtered gas exchange was maintainedh dia or rigid tissue-culture plastic-war€10-cm-dia petri
through a Teflon syringe filte(0.2 um pore diameter; Micron dishes, under similar cell culture conditions and time periods,
Separation Ing, which was also attached to the top of the chamwere controls.

Materials and Methods

The Hydrostrain System
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mRNA Expression of Heparin Binding-Epidermal Growth FacFable 1 Correlation between radial position (cm) and strain
tor (HB-EGF), Collagen Type |, and Collagen Type IlIAt the (percent) for flexible silastic membranes simultaneously ex-
end of the experiments, mRNA from ovine bladder smooth musdi’é’_sed to sustained _hydrostanc pressure and mechanical strain
cells simultaneously exposed to press@® cm H0) and me- USing the hydrostrain system
chanical straiup to 25 percentfor 7 h, as well as from smooth
muscle cells maintained under 0.3 ce@®pressure and no me- Radial Position (cm) Strain (%)
chanical strain, but otherwise similar conditioft®ntrolg, were
digested using TriazolGibco), extracted using chloroform, and
precipitated using isopropanol. 1.50 19.8 +3.72

Reverse transcriptase-polymerase chain reaction was performed
using sample aliquots of 0.5-140g/mL RNA, and the Ambio
Retroscript Kit with primers(200 pmoleLL; Gibco) specific to 240 16.8 + 6.59
either heparin binding-epidermal growth faciétHBEGF), col-
lagen | (HSCOL1A2, or collagen Il (HSCOL3A1). cDNA for

heparin binding-epidermal growth fact@fB-EGF), Collagen | 3.50 9.66 £2.89
(Col 1), Collagen Il (Col III), and glyceraldehyde 3-phosphate

dehydrogenas€GAPDH) were then amplified through 25 cycles 4.80 $.23+4.38
of denaturing(at 94°C for 3 min, denaturingat 94°C for 1 min, * & =5
annealing(at 60°C for 2 min, extending(at 72°C for 2 min, and

finally extending(at 72°C for 7 min. 6.30 491+ 2.15

Electrophoresis of cDNA samples was performed in a Joey Gel
Casting System{Owl) containing TBE running buffer across a
constant voltage of 200 V for approximately 1.5 h. The amount of 7.50
cDNA per lang(bands of either HB-EGF, Collagen I, Collagen llI,
or GAPDH) was then measured using a phospho-imélyteriecu-
lar Dynamicg and used as an indicator of mMRNA expression. 8.90 214 +5.42

All experiments were repeated three separate times.

11.5+4.64

Statistical Analysis. All numerical data were analyzed using
Student’s t-test.

Results cal strains of up to 25 percent and to hydrostatic pressure of 40 cm
Radial Strain of Flexible, Silastic Membranes. The strain H,0 (Fig. 3, k.)ar.Q increased by more than 25 percent; this in-
distribution on the circular, silastic membranes was nonuniforfif€ase was significanp(0.01). .
biaxial, and composed of radial strains,) and circumferential __Collagen Type I mRNA levels of ovine bladder smooth muscle
strains €,). In this analysis, radial strair@hich were dependent Cells (in serum-free DMEM simultaneously exposed to mechani-
only upon radial locationwere used as an indicator of strainC@! Strains of up to 25 percent and to hydrostatic pressure of 40 cm
magnitude. Table 1 summarizes the calculated average radiaf (Fig. 4, bar G were similar to levels obtained from control
strain at various points along a representative circular, silasf€!S maintained on flexible, silastic substrates under 0.3 6@ H

membrane similar to those used in the present study followiij€SSure but no mechanical straffig. 4, bar B. ,
exposure to sustained hydrostatic pressures of 40 g H However, Collagen Type Il mRNA levels of ovine bladder
smooth muscle celléin serum-free DMEM on flexible, silastic

Effects of Mechanical Strain and Sustained Hydrostatic membranes simultaneously exposed to mechanical strains of up to
Pressure on Ovine Bladder Smooth Muscle Cell Function. 25 percent and to hydrostatic pressure of 40 cs@kFig. 5, bar
Due to the hydrophobic nature of silastic, all such membran€ increased by 13 percent compared to the levels obtained from
were pre-coated with fibronectif25 ng/mL) before use in cell control cells maintained on flexible, silastic substrates under 0.3
experiments. Figure 2 illustrates bladder smooth muscle cells ath H,O pressure but no mechanical strélitig. 5, bar B.
herent onto either tissue culture polystyreffi@ame A or onto
these flexible, fibronectin-coated, silastic membratféame B . .
under control conditionsthat is, cells maintained under 0.3 cmD'SCUSS'On
H,O pressure but no mechanical stjafor 7 h. These results Despite the fact that bladder development and function are in-
provided evidence that the bladder smooth muscle cells usedflirenced by the mechanical forces that act on the bladder wall
the present study did adhere to the fibronectin-coated, silasticder both physiological and pathological conditions, the identity
membranes; moreover, these cells expressed similar cell morptasid magnitude of the mechanical stimuli which are responsible
ogy both on the flexible, silastic membranes and on the rigithr maintaining bladder tissue integrity and/or affecting pathologi-
tissue-culture polystyrene. cal change remain ill-defined. In order to understand the relation-
Using the hydrostrain system with the flexible, silastic menship between mechanical stimuli and bladder tissue function at the
branes, ovine bladder smooth muscle cells were simultaneoussllular level, some researchers have investigated the effects of
exposed to mechanical strain of up to 25 percent and to hydmxial stretch on bladder cell functig®—11] and have shown that
static pressure of 40 cm @ under standard cell culture condi-exposure of bladder smooth muscle cells to mechanical stfains
tions for 7 consecutive hours. mMRNA levels for Heparin Bindingdp to 25 percent at a frequency of 1 Heads to a time-dependent
Epidermal Growth Factor(HB-EGF), Collagen Type |, and increase in Heparin Binding-Epidermal Growth Factor mRNA
Collagen Type Il were measured and normalized to referenclesels (with maximum levels afte4 h of exposure to strajn 9],
(that is, cells maintained on rigid, tissue-culture polystyrene sulmcreased HB-EGF promoter activif@], and increased collagen
strates under 0.3 cmJ@ pressure but no mechanical strain; FigsType Il synthesis[10,11]. Although these studief9—-11] have
3,4, and 5, bar A provided some insight into the molecular-level changes in bladder
Compared to control cells maintained on flexible, silastic sulzells following exposure to mechanical strain, the data are difficult
strates under 0.3 cmJ@ pressure but no mechanical stréifig.  to interpret clinically since the stimulus was applied in a manner
3, bar B, HB-EGF mRNA levels of ovine bladder smooth musclehat did not simulate the mechanical environment of the bladder
cells (in serum-free DMEM exposed simultaneously to mechaniwall.
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Fig. 3 Normalized HB-EGF mRNA expression by ovine bladder
smooth muscle cells simultaneously exposed to mechanical
strain of up to 25 percent and to hydrostatic pressure of 40 cm
H,0O. HB-EGF mRNA levels of ovine bladder smooth muscle
cells (in serum-free DMEM ) on flexible, fibronectin-coated, si-
lastic membranes simultaneously exposed to mechanical
strain of up to 25 percent and to hydrostatic pressure of 40 cm
H,O (bar C) under standard cell culture conditions increased
(by more than 25 percent ) compared to control cells main-
tained on flexible, silastic substrates under 0.3 cm H ,O pres-
sure but no mechanical strain  (bar B). Data are mean values
*+SEM of three experiments and were normalized with refer-
ence (that is, cells maintained on rigid, tissue-culture polysty-
rene substrates under 0.3 cm H ,O pressure but no mechanical
strain; bar A ) values taken as 100 percent. *p<0.01 compared
to control cells maintained on flexible, silastic substrates under

0.3 cm H,O pressure but no mechanical strain  (bar B).

Fig. 2 Ovine bladder smooth muscle cells adherent onto the

fibronectin-coated, flexible silastic membranes. Representative cal (20 and 40 cm KO) levels of hydrostatic pressure, this work
light micrographs illustrating bladder smooth muscle cells ad- did not consider the second mechanical force which is known to
herent onto either tissue culture polystyrene  (Frame A) oronto  pe present within the bladder. Specifically, an in-vitro system that

the flexible, fibronectin-coated, silastic membranes (Frame B)  would more closely simulate the in vivo environment of the blad-
under control conditions  (that is, cells maintained under 0.3 cm

H,O pressure but no mechanical strain under standard cell cul-
ture conditions ) for 7 hours. These results provided evidence

that the bladder smooth muscle cells used in the present study T"; 160 -
did adhere to the fibronectin-coated membranes; moreover, % ~ 140
these cells expressed similar cell morphology on the flexible, -8
silastic membranes and on the rigid, tissue-culture polysty- < 5 120
X . ) o
rene. Stain: Coomassie Blue. Magnification: 25X. Z 5
% < 100 -
- &
° = 80 -
Previous work in our laboratoried2,13,16 investigated the & e 60
responses of bladder smooth muscle céle predominant cell : § W -
line of the bladder wall tissyeto hydrostatic(2—40 cm HO) & S
pressure. Sustained hydrostatic pressure is an appropriate S ~ 20 -
chanical force to use when examining bladder smooth muscle ¢§

function in vitro, because it provides a reasonable first approx A B C
mation of the conditions under which the soft tissue of the bladd¢
operates during the slow process of the filling cycle; in additior,
hydros.tatlc.p.ressur@n cm H?O) is the .parar.neter currently mea- ig. 4 Normalized collagen type | mRNA expression by ovine
sured in clinical urodynamic evaluations in order to assess tEngder smooth muscle cells simultaneously exposed to me-
adequacy of the human bladder for storing urine. In our studigganical strain of up to 25 percent and to hydrostatic pressure
involving hydrostatic pressure alone, cultured bladder smoogh40 cm H,0. Collagen Type | mRNA levels of ovine bladder
muscle cells exposed to various levés—40 cm HO) of sus- smooth muscle cells (in serum-free DMEM ) on flexible,
tained hydrostatic pressure exhibited significant changes in c#ronectin-coated, silastic membranes simultaneously ex-
proliferation [16], a time-dependent upregulation in HB-EGHPosed to mechanical strain of up to 25 percent and to hydro-
MRNA levels(with maximum values reaching three times that oftatic pressure of 40 cm H ;0 (bar C) under standard cell cul-
controls levels [12], increased HB-EGF promoter activifyt2] ture conditions were similar to levels obtained from control

! o h ’ lls maintained on flexible, silastic substrates under 0.3 cm
fil(r)lg [rirg]uced metalloprotease activity favoring collagen accumu L0 pressure but no mechanical strain _ (bar B). Data are mean

. . . . values *=SEM of three experiments and were normalized with
Although the sustained pressure studies provided new informaterence (that is, cells maintained on rigid, tissue-culture poly-

tion regarding mechanig(g) of select functions of bladder smoothstyrene substrates under 0.3 cm H ,0 pressure but no mechani-
muscle cells to physiologicdD.3—10 cm HO) and to pathologi- cal strain; bar A ) values taken as 100 percent.

Experimental Condition
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Fig. 5 Normalized collagen Type Il mMRNA expression by ovine
bladder smooth muscle cells simultaneously exposed to me-
chanical strain of up to 25 percent and to hydrostatic pressure

of 40 cm H ,0. Collagen Type Ill mMRNA levels of ovine bladder
smooth muscle cells (in serum-free DMEM ) on flexible,
fibronectin-coated, silastic membranes simultaneously ex-
posed to mechanical strains of up to 25 percent and to hydro-
static pressure of 40 cm H ,O (bar C) under standard cell cul-
ture conditions increased by 13 percent compared to levels
obtained from control cells maintained on flexible, silastic sub-
strates under 0.3 cm H ,0 pressure but no mechanical strain
(bar B). Data are mean values =SEM of three experiments and
were normalized with reference (that is, cells maintained on
rigid, tissue-culture polystyrene substrates under 0.3 cm H ,0
pressure but no mechanical strain; bar A ) values taken as 100
percent. *p<0.1 compared to control cells maintained on flex-
ible, silastic substrates under 0.3 cm H ,O pressure but no me-
chanical strain (bar B).

Growth FactofHB-EGF mRNA levels over those obtained from
controls(or cells maintained on flexible, fibronectin-coated, silas-
tic membranes under 0.3 cm,8 pressure but no mechanical
strain; Fig. 3. These results are consistent with literature reports
of increased HB-EGF levels obtained following exposure of blad-
der smooth muscle cells to hydrostatic pressafe40 cm HO)
alone[12].

The fact that HB-EGF levels increased with simultaneous ex-
posure to mechanical strain and sustained hydrostatic pressure
supports the concept that HB-EGF upregulation within the smooth
muscle compartment is an important mechanism by which the
bladder wall increases in mass in clinical syndromes involving
bladder outlet obstruction. Previous work in our laboratories in-
volving the inhibition of pressure induced bladder smooth muscle
proliferation by CRM 197, a specific inhibitor of HB-EGR7],
suggests that this mechanism is primarily autocrine in ndfi8g

Compared to levels obtained from control cellbat is, cells
maintained on flexible substrates under 0.3 cp®Hbressure but
no mechanical strajnovine bladder smooth muscle cells exposed
simultaneously to mechanical strain and hydrostatic pressure for 7
h expressed similar Collagen Type | mRNA levélsg. 4), but
increasedby 13 percentCollagen Type Il mRNA levelgFig. 5).
Although Collagen Type | and Type Il syntheses were not inves-
tigated in the present study, it is reasonable to assumedhiate
from post-transcriptional modification of the Collagen RNA sig-
nal) increased Type Il MRNA levels would result in subsequent
increased Collagen Type Il protein synthesis and release. These
findings are consistent with results from in-vivo animal studies in
which long-term outlet obstruction and increased presdatesve
40 cm H,0) for 6 mo in rabbit bladders resulted in hypertrophy
(thickening of the smooth muscle cell layer, as well as in de-
creased bladder tissue compliance due to incre@séative to the
bladder wet-weightamounts of connective tissy&9]. The ob-
served decreases in the Collagen Type I:Type Il ratio under si-
multaneous exposure to mechanical strain and hydrostatic pres-
sure in the present study are in agreement with clinically observed
changes in the collagen composition of adult human bladders; in

der wall must expose the pertinent cells simultaneously to bolfiose cases, increases in the relative amount of Collagen Type III
hydrostatic pressure and mechanical strain. For this reason, &ene was correlated with decreased bladder tissue compliance
novel hydrostrain system was designed to simulate specificatig2€]. In this respect, increased Collagen Type Il mRNA, along
pertinent to the bladder and was used in the present studywh the unchanged mRNA levels of Collagen Type I, observed
simultaneously expose bladder smooth muscle celitured on  when bladder smooth muscle cells were exposed simultaneously
fibronectin-coated, flexible, silastic membrande hydrostatic 14 pressure and strain in the present in-vitro study, provided the
pressure of 40 cm 4O (a pressure level currently associated with ot coiylar- and molecular-level evidence of a mechanism behind

bladder disease and kidney failir@nd mechanical strains of up : ;
to 25 percenta level that caused the flexible, silastic membranetge decreased bladder wall compliance that accompanies bladder

to deflect for 7 h; this system, therefore, established and maiffathologies. o
tained conditions that better simulated the in-vivo mechanical en-n summary, the present study presented a novel in-vitro system
vironment of the bladder wall tissuspecifically, gradual stretch- that closely simulates the mechanical environment of the bladder
ing under slowly increasing levels of hydrostatic pressure overvgll tissue that makes possible investigations of the effects of
period of 3—4 h. simultaneous exposure of cultured bladder smooth muscle cells to

Literature report§15] have provided evidence that cells cul-mechanical strain and hydrostatic pressure. The data obtained us-
tured on deflecting membranes experience different magnitudesij the hydrostrain system provided valuable insight into some
strain depending upon their radial location. This was also the caselecular-level mechanisis) behind the responses of bladder
in the present study: radial strain magnitudies an applied pres- smooth muscle cells to physiological and to pathological levels of
sure of 40 cm HO) were non-uniform across the silastic mem+two (that is, hydrostatic pressure and mechanical striirces
brane surface area; specifically, the average radial strain varighultaneously. The hydrostrain system and the initial results pre-
between 5 and 25 percent, with the highest radial strains occurriggnted in this paper pertain to conditions with direct relevance to
at the outermost edges of the 10-cm-(0al cm thick membrane clinical practice. Although more work needs to be completed,
(Table 1. Variations in radial strain on the silastic substrate, hovthese preliminary studies provide evidence that our novel labora-
ever, provided a reasonable model for the purposes of the preseny system is a useful vehicle for future studies aimed at devel-
study since bladder tissue is also exposed to various regioaping novel methodologies for treating bladder and kidney
mechanical/material conditions in vivo; recent studies used comfisease.
puted tomography(CT) reconstructions and confirmed that ex-
tremely complex, and non-uniform, strain fields exist along vari-
ous regions of the bladder wall tiss{#4].

Using the novel in-vitro model, ovine bladder smooth muscrlggk led
cells were simultaneously exposed to sustained hydrostatic pres- nowledgments
sure(40 cm H0) and mechanical straifup to 25 percentfor 7 The authors would like to thank Karen Hile, of Indiana
h; this regime of pressure and strain exposure resulted in a @iversity/Purdue University/Indianapolis, IN, for her assistance
percent upregulationp(<0.01) of Heparin Binding-Epidermal with molecular biology techniques.
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