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INTRODUCTION. Identification of molecular determinants that regulate tumor progression 
would help in improving diagnosis and prognosis for cancer patients. Hyaluronic acid (HA) is 
a non-sulfated glycosaminoglycan that promotes tumor metastasis. Hyaluronidase (HAase) is 
an endoglycosidase that degrades HA into small angiogenic fragments. In an earlier study we 
demonstrated that measurement of urinary levels of HA and HAase (HA-HAase test) is > 90% 
accurate in detecting bladder cancer (BCa) and evaluating its grade. In this study, we examined 
the ability of the HA-HAase test to monitor patients for BCa recurrence and examined the 
effect of HA fragments, isolated from patient samples, on endothelial cell functions. 

METHODS. The HA-HAase test was used to detect BCa recurrence. Cell proliferation, 
phosphotyrosine immunoblotting and biotinylated HA-binding protein blotting assays were 
used to study the effect of HA and HA fragments on endothelial cells. Tumor-associated 
HAase was identified by RT-PCR cloning and immunoblotting. 

RESULTS. In a blinded study consisting of 223 urine specimens from 72 patients with a 
history of BCa, the HA-HAase test detected 161 out of 178 BCa cases (sensitivity of 90.4%). 
Out of the 45 clinically negative cases for BCa, the HA-HAase test was negative in 32 cases 
(71.7% specificity). Interestingly, 8 out of the 13 cases, which were false positive on the HA-
HAase test, showed a true clinical recurrence within 3 to 9 months. Analysis of urinary HA 
profile using gel filtration chromatography showed the presence of angiogenic and high 
molecular mass HA species in the urine of BCa patients (Fig. 1). The HA and angiogenic HA 
fragments isolated from patient urine induced proliferation of human lung microvessel 
endothelial cells in a concentration-dependent manner. The angiogenic HA fragment F1, 
induced a 2.5-fold mitogenic response in human microvessel endothelial cells. In a biotinylated 
HA-blotting experiment, RHAMM was found to be the major HA receptor on endothelial cells. 
The HA and HA fragments, interacting through RHAMM induced protein tyrosine 
phosphorylation of p125FAK, paxillin and p42/p44 ERK in a dose and time dependent manner 
(Fig. 2). Using RT-PCR and immunoblot analysis, we established HYAL1 as the major HAase 
expressed in tumors (prostate and bladder). Immunohistochemical analysis demonstrated 
increased expression of HA in both tumor cells and tumor-associated stroma, whereas, HYAL1 
was localized exclusively in tumor cells. 

  



 
  
DISCUSSION. The results demonstrate that the HA-HAase test is an accurate test for 
detecting BCa occurrence and recurrence. The HA and HA fragments may induce angiogenesis 
by stimulating endothelial cell functions (e.g., adhesion, migration and proliferation) that 
involve the focal adhesion kinase and the MAP kinase pathways. The tissue expression of HA 
and HYAL1 may be important in predicting prognosis for BCa patients. 
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