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them may be associated with bladder cancer and can serve as potential
markers.

ECM andits degradingenzymesare known to controlseveralsteps
in both tumor invasion and metastasis (10, 11). For example, certain
ECM componentsand their degradingenzymesregulate tumor cell
migration, adhesion, and invasion through basement membrane (1 1).
ECM componentsalso regulate tumor angiogenesisby modulating
key endothelial cell functions, such as proliferation, migration, and
lumen formation (12). For example, ECM components may sequester
potent angiogenic factors, such as basic FGF, which upon release
stimulate endothelial cell proliferation and migration (13). In addition,
certain ECM components may themselves be angiogenic. For exam
plc, HA, and more specifically its small fragments, generated by the
hyaluronidase digestion of HA, stimulate angiogenesis (14).

HA is a nonsulfatedfree glycosaminoglycan madeof repeatingdisac
charide units, o-glucuronic acid, and N-acetyl-D-glucosamine (15). HA is
presentin body fluids, ECM, andconnectivetissuesand is involved in the
regulation of several normal physiological functions (15). HA also plays

a role in several pathophysiological conditions, including cancer. For
example, HA levels have been shown to be elevated in certain animal
tumor models (e.g., rabbit V2 carcinoma; Ref. 16) and human cancers
(e.g., lung, Wilms' tumor, breast, and others; Ref. 16). In tumor tissues,
HA expands upon hydration, opening spaces for tumor cell migration
(16). Furthermore, tumor cells migrate on HA matrix by interacting
through certain cell surface receptors (e.g., CD44; Ref. 17). HA also
forms a halo around tumor cells that protects them against immune
surveillance (18). More recently, small fragments of HA (â€”â€˜-3â€”25disac
charide units) have been shown to promote angiogenesis(14, 19). We
have shown that an HA fragment of 10-15 disaccharide units (Fl

fragment) stimulatesproliferation of bovine aortic endothelial cells (20).
A similarlysizedfragmenthasalsobeenshownto promoteendothelial
cell migration and tubule formation (21). Because HA has been shown to

be associatedwith tumor biology,we investigatedits associationwith
bladdercancer.In the following study, we measuredthe HA levels in the
urine ofnormal individuals and bladder cancer patients and in the extracts

preparedfrom normal bladder and tumor tissues.We also examined the
profile of HA species present in the urine of normal individuals and

bladder cancer patients. In addition, we determined whether the HA or
HA fragments present in the urine affect the proliferation of human

endothelialcells.

MATERIALS AND METHODS

Urine Specimen& Voided (clean-catch) urine specimens were collected

from 144 individuals under a protocol approved by the Institutional Review
Boardof Universityof Miami. The samplesweredivided into threegroups.
Group 1: normal(healthy)age-matched(30â€”70years)individuals(n = 25).
Group 2: patients with other GU conditions (n = 45), such as BPH (n = 8),
prostate cancer (n = 7), kidney stones (n = 5), cystitis (n = 12), urinary tract
infections (n 8), prostatitis (n 2), epididymitis (n 1), and renal trauma
(n â€”2). Group 3: bladder cancer patients with Gl (n = 17, stage Ta), G2

(n 14, stages Ta-T2), or G3 (n 43) tumors. The G3 subcategory of bladder

cancer patients included 34 individuals with G3 tumors (stages Tl-T4) and 9
with CIS. CIS is a subclass of high-grade bladder tumors that are flat and
superficial (confined to the urothelium). All specimens were collected and
stored at â€”20Â°Cuntil assayed.
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ABSTRACT

Hyaluronic acid (HA), a glycosaminoglycan, is known to promote tu
mor cell adhesion and migration, and its small fragments stimulate an
glogenesis. We compared levels of HA in the urine of normal individuals
and patients with bladder cancer or other genitourinary conditions, using
a sensidve ELISA-ilke assay Among the 144 specimens analyzed, the
urinary HA levels of bladder cancer patients with Gi (255 Â±41.7 ag/mg),
G2 (291.8 Â±68.3 ng/mg) and G3 (42&4 Â±67 ag/mg) tumors are 4-9-fold
elevated as compared to those of normal Individuals (44.7 Â±6.2 ng/inaj
and patients with other genitourinary condilions (69.5 Â±68 ag/mg;
P < 0.001). Urinary HA measurement by the ELISA-like assay shows a
sensitivity of 91.9% and specificity of 928% to detect bladder cancer.
Thus, urinary HA measurementis a simple, noninvasiveyet highly sen
sitive and specific method for bladder cancer detection. The increase in
urinary HA concentration is a direct correlate of the elevated tumor
associated HA levels, because the HA levels are also elevated (3â€”5-fold)in
bladder tumor tissues (P < 0.001). The profiles of urinary HA species of
normal Individuals and bladder cancer patients are different. Although
only the Intermediate-size HA spedes are found in the urine ofnormal and
low-grade bladder tumor patients, the urine of high-grade bladder cancer

@ntscontains both the high molecular mass and the small angiogenic
HA fragments. These urinary HA fragments StImUlate a mitogenic re
spouse (2.4-fbld) in primary human microvessel endothelial cells, suggest
big that the smaH HA fragments may regulate tumor angiogenesis by
modulating endothelial cell functions.

INTRODUCTION

Carcinoma of the bladder is the most common cancer of the urinary
tract, accounting for approximately 53,000 new cases and 11,700
deaths each year in the United States (1). TCCs3 account for the
majority (â€”90%)of the bladder tumors (2â€”4).Squamous cell carci
nomas and adenocarcinomas make up the rest. Bladder tumors, TCCs
in particular, are heterogeneous in their ability to progress. For cx
ample, low-grade tumors (Gi) rarely metastasize, whereas high-grade
tumors (03) have a â€”50%chance of progression (5, 6). Another
characteristic of bladder tumors is the high rate of recurrence. Hence,
the bladder cancer patients are monitored closely following their
initial treatment (6, 7). The methods for diagnosis, screening, and the
follow-up of bladder cancer can be improved if molecular markers
that specifically associate with this carcinoma are identified. These
markers can then be used to develop specific diagnostic tests.Because
proteoglycans and glycosaminoglycans, the components of the ECM,
play an important role in normal bladder physiology (8, 9), some of
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(Iâ€”V)isolatedfrompatienturine.Followingincubation,[3H}thymidine(1 @tCilmi)
was addedto thesecultures and the assaywas terminated after a 2-h incubation as
desciibedpreviously(26).TheresultspresentedaremeanÂ±SD from triplicate
detenninations.

Statistical Analysis. The data presented as either mean HA concentration

for individual patientsor meanÂ±SE for eachgroupof patients.The differ
ences in the mean HA concentrations between various groups were assessed by
the Dunn's multiple comparison test because the mean HA concentrations
between groups showed a nonparametric distribution.

Determination of HA Concentration in Urine Specimens. An
EUSA-like assay,involvingtheuseof abiotinylatedHA bindingprotein
wasusedto determinethe HA concentrationin urine specimens.Because
urinary HA levels (ng) were found to be influenced by the hydration
status and urine output, these levels were normalized to urinary protein
content (mg). The urinary HA levels were normalized to total protein
rather than to creatinine becausethe normalization to protein was found
to be less influenced by hematuria, a condition commonly found in
bladdercancerpatients(3). We comparedthe urinary HA levels between
normal individuals (n = 25) and thosewith bladdercancer [e.g.,Gi, G2,
and G3 (including US); n = 74]. As controls, the enzyme levels of
patients with GU conditions other than bladder cancer (e.g., BPH,
prostate cancer, kidney stones, bacterial infections, cystitis, pros
tatitis, renal trauma, and epididymitis; n = 45) were also measured
in this study. As shown in Fig. 1A, the distribution of urinary HA
levels among normal individuals and patients with other GU con
ditions is very similar, and the HA levels of most of the individuals
included in these two groups are < 100 ng/mg. However, the
urinary HA levels are uniformly elevated in bladder cancer pa
tients, regardless of the tumor grade (e.g., Gi, G2, and G3), and for
most patients, these levels are > 100 ng/mg (Fig. 1A).

The comparison of the mean urinary HA levels among various
groups is shown in Fig. lB. The mean urinary HA levels among
normal individuals (44.7 Â±6.2 ng/mg) and those with other GU
conditions (69.5 Â±6.8 ng/mg) do not vary significantly. The statis
tical analysis of these data by Dunn's multiple comparison test shows
that the differences observed in the mean urinary HA levels among
normal individuals and patients with other GU conditions are not

Tissue Specimens. Normal bladder tissues from adults (21-50 years) were
obtained from organ donors according to relevant state and federal regulations.
Neoplasticbladder tissues were obtainedfrom patients (41â€”72years) undergoing
cystectomyor transurethralresectionof thebladdertumor.Group1:normaladult
bladdertissues(n = 6). Group2: low-gradeTCC (Gi tumor,n = 6). Group3:
high-grade TCC (G2 tumor, n = 2; G3 tumor, n = 6). To evaluatethe grade,each
tumorspecimenwassplit andthemirror imagesegmentwasfixed in formalin,
embeddedin paraffin,sectioned,andanalyzedhistologically.

Tissue Extracts. Tissue specimens (@0.5â€”lg) were homogenized in 5 m@
HEPES buffer, pH 7.2, containing 1 nuvibenzamidine-HC1.The homogenates
wereclarifiedby centrifugationat40,000X g for 30mm,andtheclearextracts
wereassayed.

ELISA-like Assay for HA Level Determination. The concentrationof HA
in urinespecimensandtissueextractswasdeterminedby an ELISA-likeassay
describedby Fosanget a!. (22), with the following modifications. Ninety-six-well
microtiter plates coated with human umbilical cord HA (25 pg/mi) were incubated

with serialdilutionsof urinespecimens,tissueextracts,or humanumbilicalcord
HA (SigmaChemicalCo.,St.Louis,MO), in PBS + 0.05%Tween20 (PBS
Tween), and a biotinylatedbovine nasal cartilageHA-bindingprotein (1 @tg/mi).
Following incubation at room temperature for 16 h, the wells were washed in
PBS-Tween. The HA-binding protein bound to thesewells was quantitated using
an avidin-biotindetectionsystemand2,2'-azino-bis(3-ethyl-benzthiazolin-6-sul
fonic acid) substrate (Vector Laboratories,Burlingame,CA). A standard graph
was preparedby plotting absothance (405 nm) versus human umbilicalcord HA
concentrations(ng/ml).Usingthisgraph,theHA concentrationin eachdilutionof
either the urine specimen or tissue extract was calculated. From several such
determinations, the mean HA concentration in each sample was determined and
thennormalizedtourinaryproteinconcentration.Thetotalproteinconcentrationin
each clinical sample was determinedby Bio-Rad protein detection kit (Bio-Rad
Laboratories Inc., Hercules, CA).

Preparation of HA Fragments. We have previously described the proce
dure used to prepare HA fragments (20). Briefly, human umbilical cord HA
(â€”500mg) was digested with 20,000 units of testicular hyaluronidase (Sigma
ChemicalCo.) at 37Â°Cfor different time intervals.The HA fragmentsgener
atedwere separatedon a SephadexG-50 column (1.5 X 120cm). Ten-mi
fractionswere collectedand assayedfor the uronic acid content(23). The
fractions were combinedto give three preparations,Fl, P2, and F3. The
numberof reducingendsin eachfractionwasdeterminedby theDygertassay
(24). Because each linear polysaccharide of HA or its fragment contains a

singlereducingend,thechainlengthof eachfragmentwascalculatedfrom the
number of reducing ends per mol of uronic acid. The size range of oligosac
charides in each fraction was also determined by incorporating 3H-labeledHA
(preparedasdescribedpreviously;Ref.25)duringHA digestionandanalyzing
the fragmentsby gel electrophoresisandfluorography.

Isolation ofHA and HA Fragments from Patient Urine. Urine specimens

from normal subjects(n = 4) and patientswith low-grade TCC (Gi tumor, n =4)
or high-gradeTCC (G2 tumor,n = 2; G3 tumor,n = 3) wereconcentrated10-fold
and dialyzedextensivelyagainstPBS. Approximately2 ml ofeach ofthe dialyzed
specimens (â€”20mg protein) were applied to a Sepharose 6 CL-B column
(1.5 X 120cm;Pharmacia,Piscataway,CA) equilibratedwithPBS.Thecolumn
was eluted in PBS at 7 mI/h, and 3.5 ml fractionswere collected.The fractions
were assayedfor HA by the EUSA-like assayas described above. Becausethe
standardglobularproteinmarkersandlinearpolysaccharides,suchasHA andHA
fragments, have different shapes,the column was calibrated using human umbil
ical vein HA (â€”2 X 106 Da) and the HA fragments Fl, P2, and F3. Alternatively,

to testtheeffectof HA andHA fragmentsisolatedfromurineonendotheialcell
proliferation, the specimenswere precipitated with trichloroacetic acid (5%, v/v) at
4Â°Cfor 4 h. The precipitation step was included to denature and remove any
protein growth factors (e.g., basic FGF) presentin the urine. The urine specimens
treated with trichlomacetic acid were centrifuged; the supernatantswere dialyzed
against water, lyophilized, resuspended, in PBS and then chromatographed on the

Sepharose6 CL-B column.
Mitogenic Assay. Growing primary cultures of HMVEC-Ls, in their sac

ondor third passage,wereobtainedfrom CloneticsCorp.(SanDiego,CA) and
grownon 48-wellcultureplatesin EGM (CloneticsCorp.,SanDiego,CA). At
80% confluence,the cultureswerepreincubatedin a serum-freeand additive
(bovinepituitaryextract EGF, and hydrocordsone)-freebasal medium(EBM)for
12 h at 37Â°C.Followingpreincubation,the cells were incubatedfor 18 h in fresh
EBM containingHA or HA fragmentsof knownlengthsor peakHA fractions
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Fig. 1.Measurementof urinaryHA levelsby anELISA-like assay.The urinaryHA levels
amongdifferentgroupsof individualsweremeasuredasdescribedin â€˜@Materia1sandMeth
ods.â€•A,the scatterdiagram ofindividual HAlevels. Dot, urinary HAlevelofeach individual;
n, the number of individUals tested; GU, patients with GU conditions such as BPH (n = 8),
prostate cancer (n = 7), kidney stones (n = 5), cystitis (n = 12), urinary tract infections
(n 8), prostatitis(n 2), epididymitis (n = 1),and renaltrauma(n = 2). The G3 category
includes 34 patientswith G3 tumor(stagesTl-T4) and9 US patients. , minimum cutoff
limit of 100 ng/mg HA concentration.B, comparison of the mean urinary HA levels among
various categoiie& The meanlevels arecalculatedfrom the individual HA levels presentedin
A. Columns,mean HA levels (nglmg of protein);bars, SE.
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Table 1 Dunn's multiple comparison tesifor comparing the mean urinary HA levels
among normal individuals, patients with other GU conditions, and patients with

bladdercancerThe

data presented in Fig. 1 were analyzed using the Dunn's multiple comparisontest.Comparison

Meandifference PvalueNormal

vs.GU â€”15.027 >0.05
Normal vs.Gl â€”70.248 <0.001
Normalvs.G2 â€”74.839 <0.001
Normal vs. G3 â€”76.672 <0.001
GU vs.Gl â€”55.222 <0.001
GU vs. G2 â€”59.812 <0.001
GU vs. G3 â€”61.645 <0.001
Gl vs. 02 â€”4.590 >0.05
Gl vs. G3 â€”6.423 >0.05
02 vs. 03 â€”1.833 >0.05

Table 2 Determination of the sensitivity and specificity for the EUSA-like assaytodetect
bladdercancerThe

data on individualurinaryHA levels,shownin Fig. 1A,were analyzedforsensitivity
and specificity calculations using 100 ng/mg HA concentration as aminimumcutoff

limit. The sample included bladder cancer patients (n = 74) and individualswithno
disease(n = 25)or otherGUcondition(e.g.,cystitis,BPH,prostatecancer,bacterialinfections,

kidney stones, and so forth, n =45).Outcome

Urinary HAlevelSensitivityâ€•

91.9%(68/74)â€•Specificity
92.8%(65/70)cFalse-positive

rate 7.2%(5170)False-negative
rate 8.1%(6/74)

HA LEVELS IN BLADDER CANCER

statistically significant (P > 0.05; Table 1). However, the urinary HA
levels are significantly elevated (4â€”9-fold)among patients with Gi
(255 Â±41.7 ng/mg), G2 (291.8 Â±68.3 nglmg), or G3 (428.4 Â±67
ag/mg) bladder tumors. The Dunn's multiple comparison shows that
the differences in the mean urinary HA levels of bladder cancer
patients and those of normal individuals or other GU patients are
statistically significant (P < 0.001; Table 1). However, the differences
observed in the mean urinary HA concentrations of patients with
different grades(e.g., Gi, G2, and G3) of bladder tumors are not
statisticallysignificant(P > 0.05;Table 1).Theseresultsshowthatan
increase in urinary HA levels is indicative of a bladder tumor; how
ever, it is not a predictor of tumor grade.

The data on urinary HA levels were further analyzed to determine
the specificity and sensitivity of the ELISA-like assay for detecting
bladder cancer. As shown in Table 2, the overall specificity of this
assay, using 100 ng/mg as a minimum cutoff limit, is 92.8%. At the
samecutofflimit, the sensitivity of this assayto detect bladder cancer
is 91.9%. The analysis shows that the false positive and the false
negative outcomes from this assay are 7.2 and 8.1%, respectively.

ComparLson of HA Concentrations in Bladder Tissues. To de
termine whether the increase in urinary HA levels is due to secretion
of tumor-associated HA into the urine, we examined HA levels in the
tissue extracts prepared from normal bladder, low-grade TCC (Gi
tumor), and high-grade TCC (G2 and G3 tumors) using the ELISA
like assay.As shown in Fig. 2A, the HA levels are elevated in bladder
tumor tissues, regardless of the tumor grade, as compared to those in
normal bladder tissues. The mean HA levels present in the low-grade
TCC tissues(5.8 Â±2.1 pg/mg)and high-gradeTCC tissues
(9.3 Â±3.3 p.g/mg) are 3- and 5-fold higher, respectively, than those
present in the normal bladder tissues (1.8 Â±0.4 j.@gImg).As shown in
Table 3, the differences in tissue HA levels among normal bladder
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Fig. 2. Determination of HA levels in bladder tissue extracts. The concentration of HA
in tissueextractswasdeterminedby theELISA-like assayasdescribedin â€œMaterialsand
Methods.â€•A, scatterdiagramof individualHA levels.In thetext,Gl andG2 + G3tumors
are referred to as low-grade and high-grade TCC, respectively. B, HA concentrations
among normal bladder and TCC tissue extracts. Columns, mean; bars, SE.

specimens and bladder tumors (low-grade or high-grade TCC) are
statistically significant (P < 0.001). However, the differences in the
HA levels presentin the low-grade and high-gradeTCC tissuesare
not statistically significant (P > 0.05, Table 3). These results show
that there is a direct correlation between elevated urinary HA levels
and increased tumor-associated HA.

Determination of Urinary HA Proflle It has been shown that
small fragments of HA (3-25 disaccharideunits) generatedby the hya
luronidase digestion of HA, are angiogenic in vivo (14). To determine
whether such HA fragments are present in urine, we examined the
profiles of HA speciesthat arepresentin the urine of normal individuals
and patients with low-grade or high-grade TCC, using gel-filtration
chromatography. The sizes of urinary HA specieswere determined by
calibrating the column with high molecular mass HA (â€”2X l0@Da) and
HA fragments ofknown lengths [Fl (10-15 disaccharide units), F2 (2-3
disaccharide units), and F3 (â€”2disaccharide units); Ref. 201. The Fl
fragment hasbeenshown to modulate various functions of bovine acetic
endotheial cells (20, 21). As shown in Fig. 3, the urine of normal
individuals contains a small amount of HA, and its size is intermediate
between the high molecular mass HA and the Fl fragment. The urine of
low-grade TCC patients contains a small amount of high molecular mass

HA and a broad secondpeak of intermediate-sizeHA (Fig. 3). The
secondpeakappearsto contain someamountofFl fragment (Fig. 3). The
HA profile of the high-gradeTCC patienturine showsa complicated
pattern. The profile consists oftwo large peaks, corresponding to the high
molecular massHA and the Fl fragment Thesetwo peaksare separated
by a peak ofthe intermediate size HA (Fig. 3). In addition, the high-grade
TCC patienturinecontainstwo smallHA peaksthatcorrespondapprox
imately to the F2 and F3 HA fragments (Fig. 3). Theseresults show that
although HA concentrationis increasedin all bladdercancerpatients,the
HA profile is different among the low-grade and high-gradeTCC
patients.

Effect of HA and HA Fragments on the Proliferation of Human
Microvessel Endothelial Cells. Using a [3H]thymidine incorporation
assay, we examined the effect of high molecular mass HA and HA
fragments (Fl, F2, and F3), either generated in vitro or isolated from

the urine of high-grade TCC patients, on the proliferation of the
primary cultures of HMVEC-Ls. As shown in Fig. 4A, the high
molecular mass HA and the Fl fragment induce a mitogenic response
in HMVEC-Ls in a dose-dependent manner and cause a maximum
increaseof 1.5-and 2.3-fold, respectively,at 2 ,@g/miconcentration.The

775

a Sensitivity, true positive results/total number of bladdercancerpatients. Specificity,
true negative results/total number of patients without bladder cancer. False-positive rate,
false-positiveresults/totalnumberof individualswithout bladdercancer.False-negative
rate, false-negative results/total number of individuals with the disease.

b@ spec@tic@tyvalues for normal individuals and patients with other GU conditions
96 and91.1%,respectively.

C The sensitivity of the ELISA-like assay for detecting the low-grade (Gi) and

low-stage (Ta) tumors is 88.7%. The sensitivity of the assay for detecting high-grade
(@G2) and high-stage (Tl) tumors is 92.7%.
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Table 3 Dunn â€˜smultiple comparison test for comparing mean HA levels among
normal and bladder tumor tissue extracts

The data presented in Fig. 2 were analyzed by the Dunn's multiple comparison test.
The low-grade and high-grade TCCs indicate the groups of individuals with Gl and
02 + G3 tumors, respectively.

ComparisonMean differencePvalueNormal

vs. low-gradeTCC-7.000<0.001Normal
vs. high-grade TCCâ€” 1 1.833<0.001Low-grade

vs. high-grade TCCâ€”4.833>0.05

HA LEVELS IN BLADDER CANCER

(â€˜â€”2X 106Da) and HA fragments, including those that are shown to
be angiogemc (e.g., 10â€”15disaccharideunits, 6â€”8kDa). Such a
pattern has not been observed previously (28, 29). The urine of
Wilms' tumor patients and normal children, for example, has been
shown to contain the intermediate-size HA (10â€”100kDa; Ref. 28).
However, the sera of children with certain other rare renal tumors
contain only the angiogenic HA fragments (29). Therefore, it is
possible that the sizes of HA species and their relative distribution
may be different in tumors of different origins (28, 29).

The pattern of HA species present in urine samples from patients
with varying grades of bladder cancer may also be different. This is
because our data show that the urine of low-grade TCC patients
contains the intermediate-size HA (including some angiogenic HA
fragments), whereas the urine of high-grade TCC patients contains
both the high molecular mass HA and HA fragments of different
lengths (Fig. 3). Currently, we are investigating the usefulness of a
urinary HA profile to monitor prognosis.

The presenceof both the high molecular massHA and HA fragments
in theurineof high-gradeTCC patientssuggeststhatthehighmolecular
mass HA is synthesized in tumor tissues and is then degraded by a
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Fig. 3. Examination of the urinary HA profiles of normal individuals and bladder
cancer patients. The sizes of HA speciespresent in the urine of normal individuals (n 4)
and patients with either low-grade TCC (01 tumor, n 4) or high-grade TCC (n = 5; 03
tumor,n = 2; 03 tumor,n = 3) weredeterminedby gel-filtration chromatographyon a
Sepharose 6 CL-B column, as described in â€œMaterialsand Methods.â€•The column was
standardized using high molecular mass HA (2 X 10â€•Da) and HA fragments, Fl (10â€”15
disaccharideunits),F2 (2â€”3disaccharideunits),andF3 (â€”2disaccharideunits).Iâ€”V.HA
peaks present in the urine of high-grade TCC patients.

F2 andF3 fragmentsarenot mitogenicto thesecells(Fig.4A).Among
the HA speciesthat are isolated from the high-grade TCC patient urine,
peak I (high molecular mass HA) and peak II (intermediate-size HA)
induce a modest mitogenic response(1.2â€”1.3-fold)in HMVEC-L cells.
However, the HA species present in peak ifi, which corresponds to the Fl
fragment, induce a â€”2.4-foldmitogenic response in HMVEC-Ls (Fig. 4).
The very small HA fragments (peaks IV and V) that correspond to the F2
and F3 fragments are not mitogemc. These results suggest that HA
fragmentsthat stimulateendotheial cell functions (e.g.,proliferation) are
present in the urine of high-grade TCC patients.

DISCUSSION

Heterogeneity in progression and frequent recurrence demand early
detection and close follow-up of bladder cancer patients (3). The data
presented here show that urinary HA levels are significantly elevated
(4â€”9-fold;Fig. 1) in all bladder cancer patients and suggest the
usefulness of urinary HA levels as a marker for bladder cancer.

The increase in the urinary HA levels of bladder cancer patients
appearsto be a direct correlateofthe high concentrationsofHA in tumor
tissues(Fig. 2). The tumor-associatedHA is most likely secretedinto the
urine becausethe tumor is directly in contact with urine. At presentit is
unknown which cell types (e.g., tumor epitheial cells, stromal fibroblasts,
or endotheial cells) in the bladder tumor areresponsiblefor the synthesis
of elevatedHA. However, the increasein tumor-associatedHA may be
a result of tumor-stroma interaction. For example, Knudson et a!. (27)
have shown that an invasive bladder carcinoma line HCV-29T induces
cultured fibroblasts to synthesize HA.

The profiles of HA species present in the urine of normal individ
uals and bladder cancer patients show interesting differences. Normal
urine contains the intermediate-size HA, whereas the urine of high
grade TCC patients contains both the high molecular mass HA
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Fig.4.EffectofHAandHAfragmentsonHMVEC-Lmitogenicresponse.HMVEC-Ls
wereincubatedwith HA or HA fragmentsin EBM at 37Â°Cfor 18h, followedby incubation
with [3H]thymidine for 2 h, as described in â€˜?slaterials and Methods.â€• A, effect of HA or HA

fragments, generated in vitro on HMVEC-L mitogeinc response. The control was the incur
@onof [3H]thymidine in DNA, in the absence of any added HA or HA fragments The

[3H]thymidine (1031 Â±87 dpm) incorporated in control samples is designated as 100%. The
resultsareanaverageof triplicatedeterminationsB, effectof HA andHA fragments(peaks
1-',) isolated fnxn high-@ TCC patient urine (Fig. 3) on the mitogenic response of
HMVEC-L A singleconcentration(2 @sg/ml)ofHApresentin variouspeakswasusedto test
the mitogenic response. The control was [3H}-thymidine incorporation in the absence of any
added HA. The 838 Â±49 dpm incorporated in the control samples are designated as 100%.
Columns, mean of triplicate determinations; bars, SD.
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bladder tumor-associatedhyaluronidaseto generatesmall fragments.Our
results presented in the accompanying paper (30) appear to confirm this
notion. Thus, in high-grade tumor tissues,the high molecular massHA
may support tumor invasion/metastasis by promoting tumor cell migra
tion and adhesion and offering the cells protection against immune
surveillance. Also, the small HA fragments may stimulate neovascular
ization by promoting endotheial cell functions (16).

The current mode of detecting bladder cancer relies on the clinical
presentation of patients with hematuria or other symptoms (3). The
standard work-up for these patients involves cystoscopy, which is inva
sive and expensive(3). Urine cytology is a useful adjunct to cystoscopy,
but its sensitivity is low in detecting low-grade tumors (31). A few other
markers,such asDNA ploidy, p53 mutations,microsateffiteDNA, basic
FGF levels,autocrinemotility factorreceptor,and so forth, have been
shown to be associatedwith bladder cancer (32â€”37).However, most of
these have not yet been used clinically as diagnostic markers.

Currently, some noninvasive urine tests (e.g., home hematuria
screening, BTA, and NMP22) have become available for bladder
cancer testing (38 â€”40).The home hematuria screening test is sensi
tive but not specific because several benign GU conditions also cause
hematuria (38, 41). The BTA test has been shown in a multicenter trial
to have a sensitivity of â€˜â€”40â€”50%to detect recurrent bladder tumors
(39). In another multicenter study involving 90 patients, Soloway et
al. (40) have shown that the NMP22 test has an overall sensitivity of
70% to detect bladder tumor recurrence. In our study of 144 speci
mens, the measurement of urinary HA levels by the ELISA-like assay
shows a sensitivity of 91.9% and a specificity of 92.8% to detect
bladder cancer regardless of its grade and stage.

The measurementofurinaiy HA levels is technically simple becauseit
is an ELISA-like assay. For HA detection, this assay requires only an
HA-binding protein,which can be purified in largequantitiesusinga
well-established procedure (42). The ELISA-like assay for the measure
ment of urinary HA levels is a simple, noninvasive yet highly sensitive
and specific test that may be used clinically for bladder cancer detection.
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