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Principal Investigator: Vinata B. Lokeshwar, Ph.D. 

Project Title: Hyaluronic acid and hyaluronidase in prostate cancer: Evaluation of tlieir 
tlierapeutic and prognostic potential. 

1. A. INTRODUCTION AND OBJECTIVES: There are two overall objectives of this funded 
project. The first is to evaluate the independent prognostic potential of two tumor markers, 
identified in our laboratory, i.e., hyaluronic acid (HA) and HYAL1 type hyaluronidase (HAase). 
The second objective is to evaluate the effect of HYAL1 inhibition on prostate cancer (CaP) 
growth and metastasis using two complementary approaches, i.e., the antisense approach and 
the use of a HAase inhibitor, VERSA-TL 502. We also plan to examine the mechanism by which 
HYAL1 regulates CaP cell growth and metastasis. 

The majority of the newly diagnosed prostate cancer (CaP) patients have clinically 
organ-confined disease. However, limited knowledge about which CaP is likely to progress, as 
well as, when it will recur severely impedes individualized selection of therapy and subsequent 
prediction of outcome (1-5). Advances in tumor biology have unraveled genes and their 
products that closely associate and function in CaP growth, metastasis and angiogenesis (1,6- 
8). Some of the molecules may serve as accurate prognostic indicators. Moreover, treatment 
modalities that target the functions of these molecules could effectively control CaP progression. 
In preliminary studies we identified that HA and HYAL1 type HAase may be such markers. HA is 
a glycosaminoglycan that is made up of repeating disaccharide units, D-glucuronic acid and N- 
acetyl-D-giucosamine. It is abundantly present in tissues and tissue fluids. In addition to its 
structural role, HA regulates several cellular processes (9-10). Concentrations of HA are 
elevated in several cancers including those of colon, breast and in bladder (11-19). In a 
published report that we had presented as the preliminary evidence at the time of submission of 
this funded project, we demonstrated that HA levels are 4-8-fold elevated in CaP tissues, when 
compared to the normal prostate and benign prostatic hyperplasia tissues (20). 
Immunohistochemical analysis demonstrated that HA present in CaP tissues mostly localizes to 
the tumor-associated stroma. Small fragments of HA are known to be anigogenic and we 
showed the presence of such angiogenic HA fragments in high-grade CaP tissues. 

HAase is an endoglycosidase that cleaves internal p-N-acetyl-D-glucosaminic linkages 
in the HA polymer, yielding HA fragments (21). At present 6 HAase genes have been identified, 
which cluster into two tightly linked triplets on chromosomes 3p21.3 (HYAL1, HYAL2 and 
HYAL3) and 7q31.3 (HYAL4, PH20, HYALpI) (22). Using RT-PCR, cDNA cloning/sequencing, 
cell-culture, immunoblotting and pH activity profile studies, we confirmed that HYAL1 is the 
HAase that is expressed in CaP tissues and it is secreted by CaP cells (23). We also showed 
that HAase levels are elevated in CaP tissues when compared to the levels in NAP and BPH 
tissues. Furthermore, the increase in HAase levels correlates with CaP progression (metastatic 
> high-grade » low-grade (Gleason 5/6) > NAP/BPH) (23). By immunohistochemical analysis, 
which was presented as the preliminary evidence during the submission of this funded project, 
we showed that the HYAL1 type HAase is exclusively expressed in CaP cells. Based on our 
immunoshistochemical studies we hypothesized that HA and HYAL1 may be potentially 
accurate prognostic indicators for CaP. To investigate the function of HYAL1 we had stablely 
transfected DU145 cells with full-length HYAL1 cDNA in the sense and antisense orientation 
and planned to study the behavior of DU145, as well as, PC3-ML transfectants both in vitro and 
in vivo. In addition, we had identified a HAase inhibitor, VERSA-TL502 (24). This inhibitor 
inhibits the HAase activity secreted by CaP cells (IC50 2 ^g/ml). We had hypothesized that 
VERSA-TL 502 may also inhibit CaP cell growth and invasive behavior, both in vitro and in vivo. 

The following is a succinct report of the progress in achieving our objectives in the two 
years of the three-year project. 

1 



B. (BODY): Progress related to Aim 1: To correlate HA and HYAL1 staining Intensity and 
its pattern In CaP tissues with clinical outcome. 

Rationale and background: Two studies were conducted under this aim. Tlie first study 
involved evaluation of the prognostic potential of HA and HYAL1 to predict biochemical 
recurrence within 64 months (i.e., within 5-years). Our results show that HYAL1 either alone or 
in combination with HA is an independent predictor of biochemical recurrence in CaP patients. 
This study was presented in detail in the first year's progress report and has been published 
(25; Appendix 1). Out of the 70 patients that were included in that study follow-up of >72 
months (72 to 131 months) was available on 66 patients. In the study described below, we 
compared the prognostic ability of HA and HYAL1 with two other potential prognostic indicators 
of CaP (i.e., CD44v6 and microvessel density (MVD)) to predict biochemical recurrence up to 
131 months. 

We chose to compare CD44v6 and MVD with HA and HYAL1 since all of these 
molecules are biologically related. For example, CD44 denotes a family of cell surface 
transmembrane glycoproteins which serve as the cell surface receptor for HA (26,27). 
Alternative splicing of CD44 mRNA in 10 of the 20 exons generates several variant CD44 
isoforms (27,28). The correlation between tumor progression and CD44s and/or its isoforms is 
controversial. We and others have shown that the androgen insensitive CaP line PC-3 and 
primary PCa cells express CD44s and CD44 variants (e.g., CD44v3 and CD44v6), however, the 
androgen sensitive poorly metastatic line LNCaP does not express CD44 (29-31). Contrary to 
these findings, it has been shown that the over-expression of CD44v6 in a rat CaP line 
decreases metastasis (32). Recently, Ekici et al showed that decreased expression of CD44v6 
could be a predictor of poor prognosis in clinically localized CaP (33). Aaltomaa et al also 
reported similar results (34). 

Angiogenesis is an essential process for tumor growth and metastasis (35-37). As 
discussed above, degradation of HA by HAase generates angiogenic HA fragments. Clinical 
significance of angiogenesis, measured as microvessel density (MVD), has been demonstrated 
for several tumor types, including, gastrointestinal, breast, bladder and renal cell carcinomas 
(38-41). Studies that compared various endothelial cell markers (i.e., CD31, CD34 and Factor 
VIII) have shown that CD34 is a sensitive endothelial cell marker for measuring MVD (42,43). At 
the present time, the clinical significance of MVD, as an independent predictor of pathological 
stage and recurrence in PCa remains controversial (42-45). 

Since HYAL1 degrades HA and generates angiogenic fragments and CD44 acts as a 
cell-surface receptor for both HA and HA fragments, it is interesting to examine whether these 
biologically linked molecules are accurate prognostic indicators for PCa, and whether they 
influence each other's prognostic capabilities. 

B.2 Experimental procedures: 
Specimens and study individuals: We initially chose 150 archival specimens from 

CaP patients who underwent retropubic prostatectomy for clinically localized CaP between 1992 
and 1996. Out of these 150 patients, on 66 patients, a minimum available follow-up of 72 
months was available. Of the 66 patients, 25 patients had biochemical or clinical recurrence 
before 72 months (mean time to recurrence: 21.3 months; range: 3 to 61 months), and 41 
patients were free of disease recurrence (mean follow-up: 103 months; range: 72-131 months). 
Biochemical recurrence was defined as a PSA level > 0.4 ng/ml in 2 successive measurements 
after the operation, in which case the first date of elevated PSA level was considered as the 



date of failure. The patient characteristics with respect to age, preoperative PSA, and tumor (i.e., 
Gleason sum, stage, margin, extraprostatic extension (EPE) and seminal vesicle invasion) are 
shown in Table 1. 

Table 1: Distribution of pre- and post-operative parameters among study patients. Note 
that biochemical recurrence with post-operative PSA levels > 0.4 ng/ml within 72 months was 
used a cut point for defining progression. Thus, any CaP patient who showed a biochemical 
recurrence within 72 months was included in the progressed category. 

Preoperative parameters Postoperative parameters 

Progression Age (yrs) PSA (ng/ml) Clinical 
Stage 

Gleas 
on 
sum 

EPE Margin Seminal 
vesicle 
invasion 

Biochemical 
recurrence 
(n = 25) 

Median: 64 
Mean: 65.1 

Median: 9.0 
Mean: 14.04 

Tic: 10 
T2a:5 
T2b: 10 

6 = 2 
7 = 14 
8 = 6 
9 = 3 

(+) = 21 
(-) = 4 

(+)=18 
(-)=7 

(+) = 14 
(-) = 11 

No 
biochemical 
or clinical 
recurrence 
(n = 41) 

Median: 65 
Mean: 62.98 

Median: 6 
Mean: 8.1 

Tic: 22 
T2a:5 
T2b: 14 

5 = 7 
6 = 9 
7 = 20 
8 = 5 

(+) = 4 
(-) = 37 

(+)=9 
(-)=32 

(+) = 3 
(-) = 38 

HA and HYAL1 staining: IHC localization of HA and HYAL1 in CaP tissues was carried out as 
described previously (20). For all specimens, paraffin-embedded blocks containing CaP tissues 
representing the majority of the Gleason sum were selected by the study's pathologist (Dr. 
Francisco Civantos). The blocks were cut into 3-|xm thick sections and placed on positively 
charged slides. The specimens were deparafinized, rehydrated and treated with an Antigen- 
retrieval solution (Dako Laboratories). For each specimen, two slides were prepared, one for HA 
and the other for HYAL1 staining. For HA staining, the slides were incubated with 2 \iglm\ of a 
biotinylated bovine nasal cartilage protein at room temperature for 35 min (20). The specificity of 
HA staining was established as described previously (20). Following incubation with the HA- 
binding protein, the slides were washed in phosphate buffered saline (PBS) and sequentially 
incubated with streptavidin peroxidase at room temperature for 30 min and 3,3'- 
diaminobenzidine (DAB) chromogen substrate solution (Dako Laboratories). The slides were 
counterstained with hematoxylin, dehydrated and mounted. 

For HYAL1 staining, the slides were incubated with 3.7 |Lig/ml of anti-HYALI IgG at 4° C 
for 16 hr. Rabbit polyclonal anti-HYALI IgG was generated against a peptide sequence present 
in HYAL1 protein (amino acids 321 to 338) and its specificity for IHC was confirmed as 
described previously (20, 25). Following incubation with anti-HYALI IgG, the slides were 
washed in PBS and incubated with a linking solution containing a biotinylated goat anti-rabbit 
IgG (Dako LSAB kit) at room temperature for 30 min. The slides were then treated with 
streptavidin peroxidase and DAB chromogen. The slides were counterstained with hematoxylin, 
dehydrated and mounted. 

Slide grading for HA and HYAL1: Two readers independently evaluated all slides in a blinded 
fashion. Any discrepancy in assigning staining intensity was resolved by both readers 
reexamining those slides simultaneously. The staining for HA and HYAL-1 was graded as 0 (no 
staining), 1+, 2+, and 3+. For HA staining, both the tumor-associated stroma and tumor cells 



were graded in each slide. The overall staining grade for each slide was assigned based on the 
staining intensity of the majority of the tumor tissue in the specimen. However, if 50% of the 
tumor tissue stained as 1+ and the other 50% as 3+, the overall staining grade was 2+. If the 
staining distribution was 50% of the tumor staining 2+ and the remaining staining as 3+, the 
overall staining inference was assigned as 3+. The staining scale was further subcategorized 
into low grade and high grade. For HA staining, low-grade staining included 0, 1+ and 2+ 
staining, and high-grade staining included 3+ intensity. In those cases (n = 2) where thestromal 
tissues were evaluated as low-grade staining but the tumor cells stained as 3+, the overall HA 
staining was considered as high grade. For HYAL1, high-grade staining represented 2+ and 3+ 
staining, whereas low-grade staining included 0 and 1+ staining intensities. For the combined 
HA-HYAL-1 staining, a positive result was indicated only when both HA (stromal, tumor cells, or 
both) and HYAL-1 staining intensities were of high grade. Any other combination was 
considered negative. All slides were reviewed out of order to prevent direct comparison of 
individual cases for HA and HYAL1. 

CD34 staining: Following the antigen retrieval step (as described above), the slides were 
incubated with a mouse monoclonal anti-human hematopoietic progenitor cell CD34 antibody 
(dilution of 1:20; DAKO, Denmark) at 4°C for 15 hours. The slides were then incubated with a 
biotinylated anti-mouse antibody and an avidin-peroxidase conjugate solution (Vectastain ABC 
Kit, Vector Laboratories, Burlingame, CA). To visualize peroxidase binding sites, the slides were 
incubated with a 3,3'-diaminobenzidine (DAB) chromogen substrate solution (Dako 
Laboratories) for 10 minutes. The slides were counterstained with hematoxylin, dehydrated and 
mounted. 

The method described by Weidner et al (42) was used for scoring of the microvessels 
stained with CD34. The area of the highest MVD in each tissue specimen was localized under 
40X magnification and was designated as "hot spot". The microvessels in the hot spots were 
counted under 400X-magnification. Any vessel with lumen and endothelial cell or endothelial 
cell cluster stained positively for CD34 was considered to be a single countable microvessel. 
MVD count was defined as the mean value of the counts obtained in 3 separate, contiguous but 
not overlapping areas within the hot spot. A cutoff value was determined using the receiver 
operating characteristic (ROC) curve and according to this value two groups of low and high 
MVD were assigned. Microvessels were examined and counted by the three readers (S.E., 
V.B.L. and W.H.C.) independently and without the knowledge of the clinical and pathological 
status of the patients. The sections were reviewed out of order to prevent direct comparison of 
individual cases for CD34. 

CD44v6 staining: Following antigen retrieval, the slides were incubated with a mouse 
monoclonal anti-human CD44v6 antibody (dilution of 1:50; Bender Med systems, Vienna, 
Austria) at 4°C for 15 hours. The sections were then incubated with a biotinylated secondary 
antibody and an avidin-peroxidase conjugate solution (Vectastain ABC Kit, Vector Laboratories, 
Burlingame, CA). To visualize peroxidase binding sites, the slides were incubated with a 3,3'- 
diaminobenzidine (DAB) chromogen substrate solution (Dako Laboratories) for 10 minutes. The 
slides were counterstained with hematoxylin, dehydrated and mounted. 

The slides for CD44v6 were scored as described by Ekici et al (33). All sections included 
normal prostate tissue and/or benign prostatic hyperplasia glands as internal controls. Intensity 
of staining was graded as 0 for no staining, 1 for weak intensity, 2 for moderate intensity and 3 
for strong intensity. A combined staining score based on an estimate of the percentage of tumor 
cells stained and the intensity of staining was developed. The areas of tumor cells stained with 
maximum intensity (primary area) and the other tumor cells stained with lesser intensity 
(secondary area) were determined in percentage values. The combined score is obtained by 
adding the scores of the primary and secondary areas. Staining intensities were examined and 



scored by two readers (S.E. and V.B.L.). independently and in a blinded fashion. A cutoff value 
was determined from the ROC curve and according to this value two groups of low and high 
CD44v6 staining were assigned. 

Statistical Analysis: 
The inter-assay variability regarding staining intensity was determined by Pearson's 

correlation analysis. The Spearman's bivariate correlation coefficients were 0.85, 0.9, 0.98 and 
0.95 for HA, HYAL1, CD34 and CD44v6 staining, respectively. For all the markers, a high-grade 
staining was considered as a true positive if the patient had biochemical recurrence. 
Consequently, low-grade staining was considered as a true negative, if the patient had no 
biochemical recurrence. The sensitivity, specificity, positive predictive value (PPV), and negative 
predictive value (NPV) for HA, HYAL1, HA-HYAL1, CD34 and CD44v6 staining inferences were 
calculated using the 2 x 2 contingency table (high-grade/low-grade staining and progressed/non- 
progressed CaP patients) at 72, 84, 100 and 112 month cut-off limits. For CD44v6 and MVD, 
Receiver Operating Characteristic curves were developed for determining the optimal cut-off 
limits that yielded the best possible sensitivity and specificity values. The cut-off limits for 
CD44v6 and MVD were 180 and 41, respectively. The sensitivity is defined as: true positive 
(i.e.. No. of recurred patients predicted by a marker) ^ total no. of recurred patients. Specificity: 
true negatives (i.e.. No. of non-recurred patients predicted by a marker) ^ total no. of non- 
recurred patients. Accuracy: No. of True positive + No. of true negatives -^ total no. of CaP 
patients in the study. PPV: No. of true positive ^ No. of true positive + No. of false positive. NPV: 
No. of true negative ^ No. of true negative + No. of false negative. The data on various, 

biochemical, surgical, and pathologic parameters, as well 
as HA, HYAL1, HA-HYAL1, CD34 and CD44v6 staining 
inferences, were analyzed by Cox Proportional Hazard 
model, using single variable analysis (univariate analysis) 
or step-wise selection analysis. Stratified Kaplan-Meier 
analyses were performed on the variables that were found 
to be significant in the multivariate Cox Proportional 
Hazard model. Statistical analysis was carried out under 
the direction of project's statistician, Dr. Robert Duncan, 
using the SAS Software Program (version 8.02; SAS 
Institute, Cary, NC). 

Results: 
Immunohistochemistry of the tissue markers: 

Fig. 1 shows immunohistochemical localization of 
HA, HYAL1, CD44v6 and MVD in 2 Gleason 7 PCa 
specimens, one each from a non-recurred (panels A, C, E, 
G) and a recurred (panels B, D, F, H) patient, respectively. 

As shown in Fig. 1 panel A, very 
little HA staining is seen in PCa 
tissue from a patient who did not 
progress within 72 months. Among 
the 41 PCa specimens from non- 
recurred patients, 25 showed low- 

grade staining. Panel B shows high-grade HA staining in PCa specimen from a patient who had 
biochemical recurrence in < 72 months (median time to recurrence: 19 months; mean time to 
recurrence: 21.3 months). The HA staining is seen mainly in tumor-associated stroma. 

Localization of HA, HYAL1, CD44v6 and IVIVD in CaP 
tissues: A non-recurred patient (panels A, C, E, G) and a 
recurred patient (panels B, D, F, H). Panels A and B: HA; 
Panels C and D: HYAL1; Panels E and F: CD44v6; Panels 
G and H: MVD 



However, high-grade HA staining was also seen in tumor cells in 8 out of 25 patients who had 
biochemical recurrence. Out of the 25 patients who had recurred, 24 showed high-grade HA 
staining. 

As shown in Fig. 1 panel C, little HYAL1 staining is seen in the PCa tissue from a non- 
recun-ed patient. Out of the 41 non-recurred patients, PCa specimens from 33 had low-grade 
staining. In the PCa specimen from a patient who later recurred, high-grade HYAL1 staining is 
seen (Fig. 1, pane! D). The HYAL1 expression is seen exclusively in tumor cells. Out of the 25 
patients who recurred within 72 months, 21 had high-grade HYAL1 staining. Contrary to some 
earlier reports (33,34), low-grade CD44v6 staining is observed in the PCa specimen from a non- 
recurred patient (Fig. 1, panel E) and high-grade CD44v6 staining is observed in the PCa tissue 
from a recurred patient (Fig. 1, panel F). CD44v6 staining is mostly associated with the plasma 
membrane of tumor cells. We also observed CD44v6 in non-neoplastic epithelial cells in normal 
prostate and benign prostatic hyperplasia glands. However, the staining intensity of CD44v6 in 
non-neoplastic cells was less than that in tumor cells. Using a cut-off limit of 180 on the scoring 
scale, 23 out of 41 PCa specimens from non-recurred patients showed low-grade staining, 
whereas, out of the 25 patients who recurred, 17 showed high-grade staining. 

As shown in Fig. 1 pane! G, MVD is low in the PCa tissue from a non-recurred patient. 
As determined from the Receiver Operating Characteristic curve, a cut-off limit of 41 was set to 
score low or high MVD. Out of the 41 non-recurred patients, PCa tissues from 25 patients had 
low MVD. However, the MVD was high in 19 out of 25 PCa tissues obtained form patients who 
had a recurrence. Fig. 1 panel H shows high MVD in the PCa specimen from a patient who later 
recurred. 

Determination of sensitivity, specificity, accuracy: We determined sensitivity, specificity, 
accuracy HA, HYAL1, combined HA-HYAL1, CD44v6, and MVD at 72-, 84-, 100- and 112- 
months of follow-up. Data on 72 and 112 months is shown here (For details please see 
Appendix 2; ref. 46). As shown in Table 2, the sensitivity of HA, HYAL1, combined HA-HYAL1, 
CD44v6, and MVD for predicting CaP recurrence is 96%, 84%, 84%, 76% and 68%, 
respectively within 72 months. The specificity, of HA (61%), CD44v6 (56.1%), and MVD (61%) 
was lower than that of HYAL1 (80.5%) and combined HA-HYAL1 (87.8%). The accuracy of the 

Parameter 

Sensitivity 
Specificity 
Accuracy 
Parameters 

Sensitivity 

Specificity 
Accuracy 

HA (%) 
72 months 

112 
months 

96 
61 (25/41) 
74.2 

92.6 
80.6 
91.1 

CD44v6(%)     112 
72 months months 
72 months 

76 
61 

112 
months 
77.8 
77.8 

HYAL1 (%)     112 
72 months      months 
84 
80.5 
81.8 

85.2 
94.4 
88.9 

MVD (%) 
72 months 

112 
months 

72 months 

68 
56.1 

112 
months 
62.9 
61.1 

HA- 
72 months 
84 
87.8 
86.4 

HYAL1 (%) 
112 months 
81.5 
94.4 
86.7 

Table 2: 72 andl 12 months were used a cut point for determining biochemical recurrence. 

HA-HYAL1 (86.4%) was the highest, followed by HYAL1 (81.8%), HA (74.2%), MVD (66.7%), 
and CD44v6 (57.6%). Follow-up information of >112 month was available on 45 patients 
(mean follow-up 121 months; median 120.2; range 112 - 131 months). At 112 month, the 
sensitivity of HA, HYAL1, HA-HYAL1, MVD and CD44v6 was 92.6%, 85.2%, 81.5%, 77.8% and 
62.9% respectively. At final analysis, both HYAL1 and combined HA-HYAL1 had the best 
specificity (94.4%, 94.4%) and accuracy (88.9%, 86.7%), followed by HA, MVD and CD44v6 
(Table 2). 



Evaluation of the prognostic capabilities of pre-operative and post-operative parameters 
and histological markers: 
Univariate analysis: 

Since the study patients in this cohort had variable follow-up between 72 and 131 
months, we used Cox Proportional Hazard model and single parameter analysis to determine 
the prognostic significance of each of the pre-operative (i.e., age, PSA and clinical stage) and 
post-operative parameters (i.e., Gleason sum, margin +/-, EPE +/-, seminal vesicle invasion +/-), 
as well as, staining inferences of HA, HYAL1, combined HA-HYAL1, CD44v6 and MVD. In the 
univariate analysis, age (p = 0.5104; hazard ratio = 1.019), clinical stage (p = 0.2683, hazard 
ratio = 1.2620) and CD44v6 staining (p = 0.131 hazard ratio = 1.826) were not significant in 
predicting biochemical recurrence. However, pre-operative PSA (p = 0.0006, hazard ratio/unit 
PSA change = 1.048), Gleason sum overall (p = 0.0002; hazard ratio = 2.5), margin status (p = 
0.0003; hazard ratio = 4.5), EPE (p<0.0001; hazard ratio = 12.781), seminal vesicle invasion 
(p<0.0001; hazard ratio = 6.56), HA staining (p=0.0008; hazard ratio = 12.091), HYAL1 staining 
(p<0.0001; hazard ratio = 13.192), HA-HYAL1 staining (p<0.0001; hazard ratio = 10.749) and 
MVD (p = 0.0015; hazard ratio = 4.36) significantly predicted biochemical recurrence. (Please 
see Appendix 2 for details, ref. 46). 

Multivariate analysis: 
To determine the smallest number of 
variables that could jointly predict 
biochemical recurrence in this cohort of 
study patients, we used Cox Proportional 
Hazard model and step-wise selection 
analysis. When age, pre-operative PSA, 

clinical stage, Gleason sum (overall or > 7), EPE, seminal vesicle invasion and staining 
inferences of HA, HYAL1, CD44v6, and MVD were included in the model, only pre-operative 
PSA (p < 0.0001, hazard ratio/unit PSA change = 1.086), EPE (p = 0.0016, hazard ratio = 
6.222) and HYAL1 (p = 0.0009, hazard ratio = 8.1896) reached statistical significance in 
predicting biochemical recurrence (Table 3 ). 

The inclusion of the combined HA-HYAL1 staining inference instead of HA and HYAL1 
staining inferences, in the multiple regression model again showed that pre-operative PSA (p = 
0.0002, hazard ratio/unit PSA change 1.077), EPE (p = 0.0009, hazard ratio = 6.906) and HA- 
HYAL1 (p = 0.0021, hazard ratio = 5.191) were significant in predicting biochemical recurrence 
(Table 3 B). None of the other pre-operative (PSA, clinical stage) and post-operative parameters 
(Gleason sum and seminal veicle) or CD44v6 and MVD staining inferences reached statistical 
significance in the multivariate model (P > 0.05, in each case). 

Summary: The results, which we have obtained, demonstrate that HYAL1 and HA-HYAL1 
are independent prognostic indicators for predicting biochemical recurrence of CaP. An 
additional point that deserves attention is that in this study we had long follow-up on each 
patient (minimum follow-up 72 months), which was sufficient to detect any biochemical 
recurrence. This long follow-up makes a strong case that HYAL1 and HA-HYAL1 are potentially 
useful prognostic indicators for CaP. 

Parameter P Value Hazard Ratio 
PSA < 0.0001* 1.068 
EPE 0.0016* 6.222 
HYAL1 0.0009* 8.196 
HA-HYAL1 0.0021* 5.191 
Table 3: HA anc 
in the multivariat 

HYAL1 or HA-HYAL1were included 
e analysis; *: Statistically significant 

0. (BODY): Progress related to Aim 2: To evaluate the effect of HYAL1 inhibition on CaP 
growth and metastasis. 

0. 1. Rationale and background: When we submitted the above referenced grant we had 
generated DU145 transfectants that either over produced (HYAL1 sense) or under produced 



(HYAL1- antisense) HYAL1-type HAase. Contrary to our hypothesis that HYAL1 enhances CaP 
growth, when we injected these transfectants in athymic nude mice to study the effect of HYAL1 
on tumor growth, we found that both the HYAL1-sense and HYAL1-antisense transfectants did 
not generate palpable tumors in 30 days, whereas, the vector only transfectants (i.e., wild type) 
generated palpable tumors in 7 days. As a result, we generated DU145 transfectants again and 
this time we selected two different types of HYAL1-sense transfectant clones: 1. Moderately 
HYAL1 over-producing 2. Highly HAase over-producing. Since PC3-ML cells express little 
HYAL1, we generated only HYAL1-sense transfectants and again selected moderately HAase- 
overproducing and highly HAase-overproducing clones. Both the in vitro and in vivo analysis of 
these clones demonstrates that both, the over and under production of HYAL1 decreases CaP 
growth and its invasive potential. Our experimental strategy and results are discussed below, 
along with our results on the use of HAase inhibitors. 
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0.2. Effects of HYAL1 overproduction and under production on CaP growth and invasion: 
C.2. a.: Generation of DU145 and PCS-IVIL transfectants: The entire HYAL1 cDNA coding 
region (nucleotides 618-1925 GenBank # HSU03056) was amplified by RT-PCR analysis as 
described previously (47). The amplified cDNA was directly cloned into pcDNA 3.1/v5/His- 

TOPO eukaryotic expression vector, using a TOPO-TA 
cloning kit (Invitrogen). This vector allows bi-directional 
cloning of PCR products, i.e., the cDNA has a 50:50 
chance of insertion into the vector either in the sense or 
antisense orientation with respect to the CMV promoter. 
HYAL1-sense (HYAL1-S) and HYAL1-antisense (HYAL1- 
AS) constructs were used for transfection studies. Since 
DU145 cells produce high levels of HAase, we generated 
both HYAL1-S and HYAL1-AS transfectants. However, for 
PC3-ML cells, we generated only HYAL1-S transfectants 
since these produce very little HAase (1-3 mU/10^ cells). 
CaP cells (2 x 10^) were transfected with 5-ng DNA of 
HYAL1-S, HYAL1-AS or pcDNA3.1/v5-His vector 
constructs using Effectene™ transfection reagent and a 
protocol supplied  by the  manufacturer (Qiagen).  The 

transfectants were selected in geneticin (400-|j.g/mI for 
DU145 and 300-^g/ml for PC3-ML). 25 to 30 transfectant 
clones for each construct were analyzed and data on 2 
representative clones are presented. 
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0.2. b. Analysis of HAase secretion by transfectants: 
The HAase secretion by various transfectants was 
analyzed using the HAase ELISA-like assay that we have 
described previously (47, 48). Briefly, microtiter wells 
coated with 200 |ig/ml HA are incubated with different 
samples (e.g., culture conditioned medium (CM)) in an 
HAase assay buffer (47,48). Following incubation, the 

degraded HA is washed off and HA remaining on the wells is detected using a biotinylated HA 
binding protein and an avidin-biotin detection system. HAase activity (mU/ml) is normalized to 
total protein (mg/ml) or to cell number. 
As shown in Fig 2 A, we isolated 2 types of HYAL1-S transfectants for DU145 cells: 1. 
Moderately HAase overproducers (clones HYAL1-S # 1 and HYAL1-S # 2) which produce 1.5 - 
to 2 fold higher HAase than the vector transfectants. 2. High HAase producers (clones HYAL1-S 
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# 3 and HYAL1-S # 4). These secrete 5-7.5-folcl more HAase activity than the control 
transfectants. HYAL1-AS transfectants (clones HYAL1-AS # 1 and HYAL1-AS # 2) show > 
95% reduction in HAase production. As shown in Fig. 3 A, anti-HYAL1 immunoblot aniaysis and 
a substrate (HA) gel assay, which detects active HAase protein, show that DU145 vector and 
HYAL1-S transfectants secrete a ~ 60 kDa enzymatically active protein in their conditioned 
media (CM). As expected, higher amount of HYAL1 protein is present in the CM of HYAL1-S # 3 
and # 4. This protein is not detected in HYAL1-AS transfectants' CM. 

As shown in Fig. 2 B, PC3-ML vector transfectants secrete very little HAase activity. 
However, moderately high HAase producing clones (HYAL1-S # 1 and # 2) secrete 10-fold 
more HAase activity in their CM and the high HAase producers secrete 80-100-fold more HAase 
than the vector controls. Immunoblot analysis and substrate (HA)-gel analysis confirm these 
date (Fig. 3 B). 

C.2.C. Cell proliferation  and cell-cycle aniaysis of 
transfectants:   To   determine   the   doubling   time   of 
transfectants, vector, HYAL1-S and HYAL1-AS clones of 
CaP cells (2 x 10'* cells/well) were plated on 24-well 
culture plates in growth medium (RP Ml 1640 + 10% FBS 
plus gentamicin and geneticin). Every 24 hr, for a total of 
120 hr, cells were trypsinzed and counted. All counts 
were   done   in   duplicates   and    in   3   independent 
experiments  (SEM  <  10%).  As shown  in  Fig.  4 A, 
moderate overproducers (HYAL1-S # 1 and # 2) and 
vector transfectants grow at a similar rate (doubling time ~ 
24 hr). However, the high producers (HYAL1-S # 3 and # 
4) grow ~ 3 times slower (doubling time ~ 60- 80 h). 
Interestingly, HYAL1-AS transfectants also grow ~ 4.5 
times slower (doubling time 72-80 h) when compared to 
the vector transfectants. In case of PC3-ML transfectants, 
the moderate producers grow much faster (3.5-4.5-fold) 

than vector transfectants and high HAase producers (Fig. 4 B). It has been previously shown 
that HYAL1 expression in PC-3 cells does not change the growth rate in vitro, however in that 
study HYAL1-S transfectants were not categorized as moderate and high HAase producers 
(49). 

For cell-cycle analysis growing 
cultures of transfectants were lysed in a 
hypotonic solution containing 0.1% NP40 
and  propidium  iodide.  The  lysed  cells 
(10^/ml) were analyzed using an EPICS 
XL flow cytometer equipped with  long 
pass red filter, FL3 (630 nm). As shown in 
Table 4, high producers and antisense 
transfectants  of  DU145  appear to  be 
blocked in G2-M phase of the cell-cycle, 
consequently, lower percentage of cells 

are  in  the   S-phase.   Cell-cycle  analysis  showed   that  high   HAase   producing   PC3-ML 
transfectants are also blocked in G2-M phase (data not shown). 

C.2.d. Matrigel invasion assay: The membranes in Transwell plates (Costar) were coated with 
Matrigel (lOO-ng/cm^). DU145 or PC3-ML transfectants were plated on the upper chamber 
(3x10^ cells/well) in RPMI + ITS (insulin, transferrin, selenium) + gentamicin + geneticin. The 

48 72 
Hours 

Name GO- 
G1 

S G2-M 

Vector # 1 51.3% 47.8% 0.92% 
Vector # 2 51.5% 44.9% 3.5% 
HYAL1-S#1 51.5% 47.9% 0.57% 
HYAL1-S#2 48.6% 51.4% 0% 
HYAL1-S#3 60.3% 29.8% 9.9% 
HYAL1-S#4 56.9% 36% 7.03% 
HYAI1-AS#1 53.8% 35.8% 10.4% 
HYAL1-AS#2 56.7% 33.6% 9.7% 
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bottom chamber contained growth medium (chemoattractant). Following 48 h incubation, the 
invasion of cells through  Matrlgel was quantified  using  MTT assay (50). To normalize 

differences in cell proliferation rates among transfectants, 
the results were calculated as the ratio of cells in the 
lower chamber to the total number of cells (upper + 
lower). The invasive activity of vector transfectants was 
taken as 100%. As shown in Fig. 5 A HYAL1-S # 1 and # 
2 clones of DU145 transfectants have similar invasive 
activity as the vector transfectants. However, both high 
producers (HYAL1-S # 3 and # 4) and HYAL1-AS 
transfectants are 50% to 70% less invasive than the 
vector transfectants. Similarly, HYAL1-S # 1 and # 2 PC3- 
ML transfectants are 270% to 300% more invasive than 
the vector and high HAase producers (HYAL1-S # 3 and 
#4;Fig5B). 
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C.2.e.: Analysis of HYAL1 function in vivo: Since 
accurate measurement of tumor growth is possible in an 

subcutaneous model, we chose s.c. model 
over the orthotopic implant model. DU145 
vector # 1, HYAL1-S # 2, HYAL1-S # 3 and 
HYAL1-AS # 1 and # 2 transfectant clones 
(2x10^ cells) were mixed with Matrlgel (1:1 
v/v) and injected on the dorsal flanks of 
athymic mice. Six mice were included in 
each group (1 injection site/mouse). Once 
the tumor became palpable (in 7-days for 
vector # 1 and HYAL1-S # 2 clones), tumor 

size was measured twice weekly. Tumor volume was calculated as length (mm) x width x depth 
X 0 5236 (51). Mice were euthanized at day 35 and tumors were excised, weighed and fixed for 
histology. As shown in Fig. 6 A, while vector # 1 and HYAL1-S # 2 tumors grew steadily, 
palpable tumors were not generated in all 6 mice injected with HYAL1-S # 3. Two animals each 
in HYAL1-AS # 1 and # 2 groups developed palpable tumors at day 30. Excised tumors showed 
that HYAL1-S # 2 generated slightly larger tumors (~ 1.6-fold more) than the vector # 1 
transfectant (Fig. 6 B). However, the tumor weight of HYAL1-S # 3 and HYAL1-AS # 1 and # 2 
transfectants was 16-27-fold less when compared to vector # 1 and HYAL1-S # 2 clones. (Fig. 6 
B). Tumor histology revealed that suspected tumor tissues removed from HYAL1-S # 3 and 
HYAL1-AS (# 1 and # 2) bearing animals consisted mainly of a vascularized and vascularized 
Matrigel plug (Data not shown). 

In summary, the results presented in this section show that while moderate HYAL1 
expression (-15-35 mU/10^ cells) production promotes CaP cell growth (both in vitro and in 
vivo) and their invasive potential, very high HYAL1 production (>80 mU/10^ cells), as well as, 
little HAase production (< 3 Mu/10^ cells) severely decreases CaP growth and its invasive 
potential. Therefore, perturbation of this finely regulated balance of HAase production by tumor 
cells may a new treatment target to control CaP growth and progression. 

Effect of HAase inhibitors on the HAase activity secreted in DU145 culture conditioned 
media: In addition to VERSA-TL 502 that we had mentioned in our proposal we obtained 2 
more HAase inhibitors namely T-PSS (Polystyrene sulfonate) and PMHS (Polymethylene 
hydroquinone sulfonate). Both these inhibitors were kindly provided by Drs. Drs. Anderson and 
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— VERSA-TL502 

Zaneveld. According to Drs. Zaneveld, T-PSS is as good an inhibitor as VERSA-TL 502 to 
inliibit tlie testicular HAase, liowever, PIVIHS is a weaker inlnibitor. 

We compared tlie ability of these inhibitors 
to blocl< the HYAL1 type HAase activity secreted in 
the conditioned media using the HAase ELISA-like 
assay, described in section C.2.a. 

As shown in Fig. 7 both VERSA-TL 502 and 
T-PSS caused a dose-dependent inhibition of 
HAase activity present in the conditioned medium 
of DU145 cells (IC50 5.2 |ag/ml). However, PMHS 
was a weak inhibitor of HAase activity (IC50 60 

ng/ml). 

10 100 
Concentration (Mg/ml) 

0   s   10   5   10 
VERSA- T-PSS 
TL502 

C.2 Effect of HAase inhibitors on the growth of 
DU145 and PCS-IVIL celis. To test the effect of HAase 
inhibitors on CaP cell growth, DU145 and PC3-ML cells 
(1.5 X lO'* cells/well) were plated on 24-well plates in growth 
medium in the presence of various concentrations (0-20 
^g/ml) of VERSA-TL 502, T-PSS or PMHS. Every 24-hr for 
96-hr, cells were stained with trypan blue and counted. As 
shown in Fig. 5 A and B HAase inhibitors inhibit growth of 
both DU145 and PC3-ML cells. Furthermore, among the 3 
inhibitors, VERSA-TL 502 was the most effective. At 5 
(xg/ml, IC50 for HAase activity, the growth inhibition by 
VERSA-TL 502 was 61% in DU145 and 30% in PC3-ML 
cells, when compared to T-PSS (40% DU145 and PMHS 
(5% for DU145). The reason why PC3-ML cells are less 
sensitive to HAase inhibitors is most likely that they have 
low HYAL1 expression. 

Currently, we are testing the effect of these HAase inhibitors on the invasive properties 
of CaP cells using the Matrigel™ invasion assay (28). 

In summary, the results that we have obtained so far demonstrate that HAase inhibitors 
are able to inhibit the growth of CaP cells. But more interestingly, the growth inhibitory activity of 
HAase inhibitors correlates with the HAase inhibitory activity of these inhibitors. For example, 
VERSA-TL 502 is a potent inhibitor of HAase activity secreted by CaP cells and it is an effective 
inhibitor CaP cell proliferation. On the contrary, PMHS, which is a weak inhibitor of HAase 
activity, causes very little growth inhibition. 

D. (BODY) Experiments in progress 
Examination of the in vivo behavior of PC3-IVIL transfectants: We have implanted PC3-ML 
vector (# 1, # 2 and HYAL1-S (clones # 1, #2, #3, and # 4) transfectants in athymic mice using 
the protocol described in section C.2.e. We will be injecting 6 athymic mice per transfectant 
group, on January 15'^ and monitor tumor growth as described in section C.2.e.. 

Examination of the effect of VERSA-TL 502 on CaP growth: We are in the planning process 
to study the effect of VERSA-TL 502 on the growth of DU145 and PC3-ML cells in xenografts. 

11 



These experiments will begin in iVIarcli, because at that time we will already have results of the 
PC3-ML transfectnat xenograft experiment. 

Microarray analysis of DU145 and PC3-ML transfectants: We have isolated total RNA from 
each transfectant clone of DU145 (vector clones 1 and 2, HYAL1-S clones 1 to 4 and HYAL1- 
AS clones 1 and 2) for microarray analysis. Microarray analysis will be performed on these RNA 
samples in a pair-wise fashion (e.g., vector # 1 and HYAL1-S # 3) in our university's microarray 
facility. Similar experiments will be conducted on PC3-ML transfectants. 

2 Key Research accomplishments: 
A. Establishment of HYAL1 and combined HA-HYAL1 staining inferences as potentially 
accurate predictors of biochemical recurrence. The studies presented here are the first, which 
demonstrate the prognostic potential of HYAL1 in any type of cancer. 

B. Demonstration that CaP cells finely regulate HYAL1 expression, which in turn, is responsible 
for increased CaP growth and invasive activity. Overproduction of HYAL1 or blocking its 
expression may be new avenues for controlling CaP growth and progression. 

C. Synthetic HAase inhibitors inhibit HAase activity secreted by CaP cells and also inhibit the 
growth of CaP cells. The growth inhibitory activity of HAase inhibitors correlates with their ability 
to inhibit HAase activity. 

3. Reportable outcomes: 
A. Database of CaP patients with long-term follow-up (72 - 131 months). 

B. Generation of HYAL1-sense (both moderately producing and overproducing) and HYAL1- 
antisense (under producing) stable cell lines of DU145 and PC3-ML cells. 

C. Identification of HAase inhibitors that may be used for controlling CaP growth. 

D. Publications: 1. Lokeshwar, V.B. Schroeder, G.L., Carey, R.I. Soloway, M.S., lida, N. 
Regulation of hyaluronidase activity by alternative mRNA splicing. J. Biol. Chem. 2002. 
2. Posey, J.T., Soloway, M.S., Ekici, S., Sofer, M., Civantos, F., Duncan, R.C., Lokeshwar, V.B. 
Evaluation of the prognostic potential of hyaluronic acid and hyaluronidase (HYAL1) for prostate 
cancer. Cancer Res. 63: 2638-2644, 2003. 
3. Ekici S., Cerwinka, W.H., Duncan, R. C. Gomez, P., Civantos, F., Soloway, M.S., Lokeshwar, 
V.B. Comparison of the prognostic potential of hyaluronic acid, hyaluronidase (HYALI-1), 
CD44v6 and Microvessel density for prostate cancer (Submitted to Int. J. Cancer, 2004). 
4. Lokeshwar, V.B., Isoyama, T., Thwaites, F., Selzer, M.G., Carey, R.I. Schroeder, G.L. 
Differential selectivity of hyaluronidase inhibitors towards acidic and basic hyaluronidases 
(Submitted to J. Biol. Chem. 2004). 

E Abstr3cts! 
1.      ' Lokeshwar, V.B.*, Posey, J.T., Schroeder, G.L. (2002) HA and HAase in prostate 

cancer: molecular markers with function. Fourth International Innovators in 
Urology Meeting, Miami, Florida. Prostate cancer and Prostatic Diseases 5: 
suppl. 1., S19. 
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2. Lokeshwar, V.B.*, Posey, J.T., Schroeder, G.L. (2002) HA and HAase in prostate 
cancer: molecular markers with function. Sylvester Compreliensive Cancer 
Center Poster Presentation (Annual Zubrad Lecture/Poster Meeting; First Prize in 
Faculty category). 

3. Ekici S., Cerwinka, W.H., Duncan, R. C. Gomez, P., Civantos, F., Soloway, M.S., 
Lokeshwar, V.B. Comparison of the prognostic potential of hyaluronic acid, 
hyaluronidase (HYALI-1), CD44v6 and Microvessel density for prostate cancer 
(ADA 2004; Accepted for Poster Discussion session). 

F. Patents: No patents were filed or issued. 

G. Clinical translational research: No clinical trials were undertaken. 

H. Personnel and training provided: This award has allowed the P.I. to provide research 
training to two attending urologists. Dr. Sinan Ekici was a fellow of the Turkish Research Council 
and worked on Aim 1 of the project. Dr. Tadahiro Isoyama is currently working in the laboratory 
on work related to Aims 2 and 3. In addition, the award has allowed the P.I. to provide research 
training to a total of 4 urology residents in the Department of Urology at University of Miami. In 
addition to the trainees, a pathologist, a research associate a statistician and the P.I. worked on 
this project. One clinical fellow in the department of urology, together with the collaborating 
urologist, provided the clinical information. 

4. Conclusions: Results derived from the experiments performed under Aim 1, demonstrate 
that HYAL1 and HA-HYAL1 are sensitive and specific markers for predicting biochemical 
recurrence for CaP patients who undergo radical prostatectomy. The multivariate analysis and 
long-term follow-up information establishes for the first time, the independent prognostic 
potential of HYAL1 type HAase for any type of cancer, in general, and for CaP in particular. The 
experiments conducted under Aim 2, demonstrate that, both the over and under production of 
HAase severely inhibit CaP growth and its invasive potential. Thus, both excess HAase and 
anti-HAase therapy may be useful in controlling CaP growth and progression. 
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ABSTRACT 

Despite the development of nomograms designed to evaluate the prog- 
nosis of a patient vfith prostate cancer (CaP), the information has been 
limited to prostate-specific antigen (PSA), clinical stage, Gleason score, 
and tumor volume estimates. To improve our ability to predict prognosis, 
information regarding the molecular properties of CaP is needed. Hyalu- 
ronic acid (HA) is a glycosaminoglycan that promotes tumor metastasis. 
Hyaluronidase (HAase) is an enzyme that degrades HA into angiogenic 
fragments. We recently showed that in CaP tissues, whereas HA is local- 
ized mostly in the tumor-associated stroma, HYALl type HAase is exclu- 
sively localized in CaP cells (Lokeshwar et al. J. Biol. Chem., 276: 11922- 
11932, 2001). We evaluated the prognostic potential of HA and HYALl in 
CaP by immunohistochemistry. 

Archival CaP specimens were obtained from patients who underwent 
radical retropubic prostatectomy for clinically localized CaP. Group 1 
(n = 25) included patients who showed biochemical recurrence (PSA >0.4 
ng/ml; mean recurrence: 21.3 months). Group 2 included patients with no 
clinical or biochemical recurrence (n = 45; mean foHow-up: 80.9 months). 
For HA and HYALl staining, a biotinylated HA-binding protein and an 
anti-HYALl antibody were used. The staining was evaluated on the basis 
of intensity (0 to 3-I-) and as dense or sparse (for HA staining only) and 
then grouped as low grade and high grade. 

In CaP specimens, HYALl was exclusively expressed in tumor cells. 
Although the stroma was stained positive for HA, 40% of tumor cells also 
expressed HA. HA, HYALl, and combined HA-HYALl staining predicted 
progression with 96%, 84%, and 88% sensitivity, 55.5%, 80%, and 84.4% 
specificity, and 70%, 81.4%, and 85.7% accuracy, respectively. In the 
univariate analysis, preoperative PSA, Gleason sum, stage, margin, sem- 
inal vesicle, extra-prostatic extension (EPE), HA, HYALl, and HA- 
HYALl were significant in predicting progression (P < 0.05). However, in 
the multiple logistic regression analysis, only EPE [odds ratio 
(OR) = 33.483; P = 0.002), HYALl (OR = 12.42; P = 0.009), HA-HYALl 
(OR = 18.048; P = 0.0033), and margin (OR = 26.948; P = 0.006)] were 
significant. Thus, in this 5-year follow-up study, HYALl, together with 
EPE and margin, was found to be an independent prognostic indicator. 

INTRODUCTION 

In the last decade, because of the increased public awareness of 
seram PSA' screening, the number of CaP cases has steadily in- 
creased. PSA screening has resulted in the detection of more clinically 
localized CaP, which has the potential to be cured by radical prosta- 
tectomy or radiation therapy (1-4). However, within the first 10 years 
after surgery, CaP recurs [defined as PSA failure (biochemical re- 
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lapse), local/systemic recurrence] in —10-50% of cases, depending 
on a variety of prognostic factors (5-7). Treatment failure may be 
attributable to a local recurrence or distant metastasis. Existing pre- 
operative indicators (i.e., PSA levels, clinical stage, biopsy Gleason 
sum) or their combination in nomograms, as well as surgical and 
pathologic parameters {i.e., prostatectomy Gleason sum, margin +/-, 
node status, seminal vesicle, and EPE), provide a limited estimate of 
the prognosis for CaP (8, 9). Identifying molecules that are expressed 
in clinically localized CaP but associate with CaP invasion and 
metastasis might significantly improve the prognostic capabilities and 
management of CaP patients after a curative approach. We have 
recently shown the expression of two tiunor markers, HA and HAase, 
in CaP (10, 11). 

HA is a glycosaminoglycan made up of repeated disaccharide units, 
D-glucuronic acid and 7\f-acetyl-D-glucosamine (12-14). HA is a com- 
ponent of tissue matrix and tissue fluids. HA keeps the tissues hy- 
drated and maintains the osmotic balance (12-14). In addition, by 
interacting through cell surface receptors (e.^., CD44 and RHAMM), 
it regulates cell adhesion, migration, and proliferation (15). Concen- 
trations of HA are elevated in several cancers, including colon, breast, 
prostate, bladder, and lung, and serve as highly sensitive and specific 
markers for detecting bladder cancer, regardless of the tumor grade 
(16-24). In tumor tissues, HA promotes tumor metastasis by opening 
up spaces for tumor cells to migrate and actively supports tumor cell 
migration by interacting with cell surface HA receptors (12, 14, 15). 
An HA coat around tumor cells may offer some protection against 
immune system surveillance and cause a partial loss of contact- 
mediated inhibition of cell growth and migration (25-28). Localiza- 
tion of HA either in tumor-associated stroma or tumor cells depends 
on the tissue origin. For example, in colon and stomach cancers, most 
of the tumor cells express HA (17, 21). In bladder cancer, HA 
expression is equally distributed in tumor-stroma and tumor cells (16). 
However, in CaP, HA is mostly localized in tumor stroma (22). 

HAase is an endoglycosidase that degrades HA into small angio- 
genic fragments of 3-25 disaccharide units (29, 30). Angiogenic HA 
fragments induce endothelial cell proliferation, adhesion, and migra- 
tion by activating focal adhesion kinase and mitogen-activated protein 
kinase pathways (31, 32). We have shown previously the presence of 
angiogenic HA fragments in high Gleason sum (>7) CaP tissues (10). 
Six HAase genes have been identified in humans. Among these, 
products of HYALl, HYAL2, and PH20 are well characterized (33- 
35). We have shown that HYALl type HAase is the major HAase 
expressed in prostate and bladder cancer tissues and have character- 
ized the expression of HYALl at the mRNA and protein levels in 
prostate and bladder tumor cells (11,36, 37). The HAase expressed by 
CaP cells has the same pH activity profile as that of HYALl (10). The 
expression of PH20 mRNA has been detected by reverse-transcription 
PCR analysis in some tumor tissues irKluding CaP; however, the 
presence of PH20 protein has not been documented in these studies 
(38, 39). Because our recent observations show that the HAase family 
of genes are extensively alternatively spliced, which, in turn, regulates 
the generation of enzymatieally active HAases, characterization of 
HAase expression in tumor tissues at the protein level may be nec- 

2638 



HA AND HAASE AS PROGNOSTIC INDICATORS FOR PROSTATE CANCER 

essary (40). By immunohistochemical techniques, we have shown 
previously that the HYALl type HAase is localized in tumor epithe- 
lial cells and the expression increases with higher grades of CaP (10). 
In this study, we examined the prognostic potential of HA and 
HYALl for predicting CaP progression by immunohistochemically 
localizing these markers in archival CaP tissues and correlating the 
staining intensity with PSA biochemical recurrence as an indicator of 
CaP progression. 

MATERIALS AND METHODS 

Specimens and Study Individuals. Seventy-three CaP specimens were 
obtained from patients who underwent radical retropubic prostatectomy for 
clinically localized CaP and were followed for recurrence/disease progression. 
Three of the total 73 specimens were not included in the final analysis because 
the patients from whom the those specimens were obtained had positive lymph 
nodes. On all of the patients, a minimum follow-up of 64 months was 
available. This study was conducted under a protocol approved by the Insti- 
tutional Review Board of the University of Miami. The progressed group 
(group 1) of patients (n = 25) included those who had biochemical recurrence 
(PSA >0.4 ng/ml) within 64 months (mean time to recurrence: 21.3 months; 
range: 3 to 61 months). The nonprogressed group (group 2) included patients 
(n = 45) who were disease free (i.e., no clinical or biochemical recurrence) for 
a minimum of 64 months (mean follow-up: 80.6 months; range: 64-114 
months). The patient characteristics with respect to age, preoperative PSA, and 
tumor (i.e.. Gleason, stage, margin. EPE, seminal vesicle invasion) are shown 
in Table 1. 

IHC. IHC localization of HA and HYALl in CaP tissues was carried out 
as described previously (10). For all specimens, paraffin-embedded blocks 
containing CaP tissues representing the majority of the Gleason sum were 
selected by the pathologist (F. C.) of the study. The blocks were cut into 3-fim 
thick sections and placed on positively charged slides. The specimens were 
deparaffinized, rehydrated, and treated with an antigen-retrieval solution 
(Dako Laboratories). For each specimen, two slides were prepared, one for HA 
and the other for HYALl staining. For HA staining, the slides were incubated 
with 2 ixg/m\ of a biotinylated bovine nasal cartilage protein at room temper- 
ature for 35 min (10). The specificity of HA staining was established as 
described previously (10). After incubation with the HA-binding protein, the 
slides were washed in PBS and sequentially incubated with streptavidin 
peroxidase at room temperature for 30 min and DAB chromogen substrate 
solution (Dako Laboratories). The slides were counterstained with hematoxy- 
lin, dehydrated, and mounted. 

For HYALl staining, the slides were incubated with 3.7 ;u,g/ml of anti- 
HYALl IgG at 4°C for 16 h. Rabbit polyclonal anti-HYALl IgG was gener- 
ated against a peptide sequence present in the HYALl protein (amino acids 
321 to 338). and its specificity for IHC was confirmed as described previously 
(10, 37). After incubation with anti-HYALl IgG, the slides were washed in 
PBS and incubated with a linking solution containing a biotinylated goat 
antirabbit IgG (Dako LSAB kit; Dako Laboratories) at room temperature for 
30 min. The slides were then treated with streptavidin peroxidase and DAB 

chromogen. The slides were counterstained with hematoxylin, dehydrated, and 
mounted. 

Slide Grading. Two readers (J. T. P. and V. B. L.) independently evalu- 
ated all slides in a blinded fashion. Any discrepancy in assigning staining 
intensity was resolved by both readers reexamining those slides simulta- 
neously. The staining for HA and HYALl was graded as 0 (no staining), 1 +, 
2+, and 3H-. For HA staining, both the tumor-associated stroma and tumor 
cells were graded separately in each slide for staining intensity. In the case of 
HA staining, the stromal staining was also evaluated as dense or sparse. The 
overall staining grade for each slide was assigned based on the staining 
intensity of the majority of the tumor tissue in the specimen. However, if 
--50% of the tumor tissue stained as 1 + and the other 50% as i+, the overall 
staining grade was 2 + . If the staining distribution was ~50% of the tumor 
staining 2+ and the remaining staining as 3+, the overall staining inference 
was assigned as 3-(-. The staining scale was further subcategorized into low 
grade and high grade. 

For HA staining, low-grade staining included 0, 1 + sparse, and 2+ sparse/ 
dense staining, and high-grade staining included 3+ sparse and 3+ dense 
staining. In those cases (n = 2) where the stroma! tissues were evaluated as 
low-grade staining but the tumor cells stained as 3+, the overall HA staining 
was considered as high grade. For HYALl, high-grade staining represented 
2+ and 3+ staining, whereas low-grade staining included 0 and 1-1- staining 
intensities. For the combined HA-HYALl staining, a positive result was 
indicated only when both HA (stromal, tumor cells, or both) and HYALl 
staining intensities were of high grade. Any other combination was considered 
negative. 

High-grade staining was considered as a true-positive result and the low- 
grade staining indicated a false-negative result if the patient had biochemical 
recurrence. If the patient had no clinical/biochemical recurrence, the low-grade 
staining indicated a true-negative result, and the high-grade staining was taken 
as a false-positive result. 

Statistical Analysis. The consistency of staining was determined by 
staining 89% of the specimen for HA and HYALl staining twice on two 
separate occasions. The staining of these specimens was recorded inde- 
pendently. It is noteworthy that the interassay variability regarding staining 
intensity was determined by Pearson's correlation analysis. The Pearson's 
correlation coefficient (r) was 0.85 for HA staining and 0.9 for HYALl 
staining. Similarly, ~90% of the slides were recorded independently by 
each observer to determine consistency in grading. The sensitivity, speci- 
ficity, accuracy, PPV, and NPV for HA, HYALl, and HA-HYALl staining 
inferences were calculated using the 2 X 2 contingency table (high-grade/ 
low-grade staining and progressed/nonprogressed CaP patients). The data 
on various, biochemical, surgical, and pathologic parameters, as well as 
HA, HYALl, and HA-HYALl staining inferences, were analyzed by 
univariate logistic regression analysis. The data were also analyzed by a 
forward stepwise multiple logistic regression analysis beginning with all of 
the potential predictor variables. Statistical analysis was carried out by the 
statistician (R. C. D.) of the project using SAS Software Program (version 
8.02; SAS Institute, Cary, NC). 

Table 1 Distribution of pre- and postoperative parameters among study patients 

Note that biochemical recurrence with postoperative PSA levels £0.4 ng/ml within 64 months was used as a cut point for defining progression. Thus, any CaP patient who showed 
a biochemical recurrence within 64 months was included in the progressed category. For the progressed group, median time for recurrence was 19 months and mean time for recurrence 
was 21.3 months. For the nonprogressed group, median follow-up time was 79 months; mean follow-up time was 80.6 months. 

Preoperative parameters Postoperative parameters 

Seminal vesicle 
Progression Age (yrs) PSA (ng/ml) Clinical stage Gleason sum EPE Margin mvasion 

Biochemical recurrence (n — 25) Median: 64 Median: 9.0 Tl C= 10 6 = 2 (+) = 21 (+) = 18 (+) = 14 
Mean: 65.1 Mean: 14.04 T2 A = 5 7 = 14 (-) = 4 (-) = 7 (-)= 11 
Range: 51-74 Range: 2-62 T2 B '= 10 8 = 6 

9 = 3 
5 = 8 No biochemical or clinical recurrence Median: 65 Median: 6.0 T,c = 24 (+) = 6 (+)= 10 (+) = 3 

(n = 45) 
Mean: 63.5 Mean: 7.9 T2A = 6 6 = 9 (-) = 39 (-) = 35 (-) = 42 
Range: 40-75 Range: 0.5-23 T2B = 15 7 = 22 

8 = 6 
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RESULTS 

HA Localization. HA was localized in 70 archival CaP specimens 
obtained from patients who underwent radical retropubic prostatec- 
tomy for clinically localized disease. These patients were being mon- 
itored for disease progression. An increase in PSA of sO.4 ng/ml was 
taken as an indicator of biochemical recurrence (either local recur- 
rence or systemic progression). A minimum follow-up of 64 months 
was available for all patients. HA was localized in CaP tissues using 
a biotinylated HA binding protein. Shown in Fig. 1 are HA staining in 
Gleason sum 6 (A and B), 1 (C and D), and 8 {E and F) CaP specimens 
from nonprogressed (A, C, and E) and progressed (5, D, and F) 
patients. In all of the CaP specimens, HA was localized mostly in the 
tumor-associated stroma, although some tumor cells also showed HA 
staining in CaP specimens from patients who progressed (Fig. 1, B 
and F). 

As shown in Fig. 1 A, C, and E, the CaP specimens from nonpro- 
gressed patients had low-grade HA staining, regardless of the Gleason 
sum. Of the 45 patients free of recurrence, 26 had low-grade HA 
staining. However, the CaP specimens from the patients who pro- 
gressed in <64 months (median time to recurrence: 19 months; mean 
time to recurrence: 21.3 months) showed high-grade HA staining (Fig. 
l,B,D, and F). Of the 25 CaP specimens from progressed patients, 22 
showed high-grade staining in tumor stroma; 8 of these 22 also 
showed high-grade HA staining in tumor cells. In addition, 2 of the 25 
CaP specimens showed high-grade staining only in tumor cells. 
Shown in Fig. 2 is an example of tumor cells that are positive for 
high-grade HA staining. Tumors cells appear to stain for HA equally, 
both in the cytoplasm and plasma membrane (Fig. 25, magnified 

view). Thus, of the 25 CaP specimens from progressed patients, 24 
showed high-grade HA staining either in tumor stroma or tumor cells 
or both. Thus, high-grade HA staining (stroma, tumor cells, or both) 
had 96% sensitivity, 55.5% specificity, 70% accuracy, 54.5% PPV, 
and 96.2% NPV for predicting the biochemical recurrence (Table 2). 

HYALl Localization. An anti-HYALl peptide IgG was used to 
localize HYALl in the archival CaP specimens. Shown in Fig. 3 are 
HYALl localization in Gleason 6 {A and B), 7 (C and D), and 8 (E and 
F) CaP tissues from patients who did not {A, C, and E) and who did 
(5, D, and F) progress. As shown in Fig. 3, low-grade HYALl 
staining was seen in all three CaP specimens from patients who did 
not progress, regardless of their Gleason sum (Fig. 3, A-E). Among 
the 45 nonprogressed patients, CaP specimens of 36 patients showed 
low-grade HYALl staining. In CaP specimens from progressed pa- 
tients, tumor cells, and not tumor-stroma, stained for HYALl. All 
three CaP specimens from progressed patients showed high-grade 
HYALl staining (Fig. 3, B, D, and F), regardless of their Gleason 
sum. Of the 25 progressed patients, CaP specimens from 21 patients 
showed high-grade HYALl staining. Thus, in this cohort of 70 
patients, the HYALl localization in CaP specimens had 84% sensi- 
tivity, 82.2% specificity, 82.9% accuracy, 70% PPV, and 90.2% NPV 
for predicting biochemical recurrence within 64 months (Table 2). 

Combined HA-HYALl Staining. We next determined the ability 
of combined high-grade HA and HYALl staining to predict biochem- 
ical recurrence. The combined HA-HYALl staining has 84% sensi- 
tivity, 86.7% specificity, 85.7% accuracy, 77.8% PPV, and 90.7% 
NPV for predicting progression. When 64 months was used as a cutoff 
Umit to evaluate progression, there were seven false-positive cases. 

Fig. I. HA staining of CaP specimens from non- 
progressed and progressed patients. HA was local- 
ized in CaP tissues using a biotinylated HA-binding 
protein and a strcptavidin pcroxidase DAB-chromo- 
gen detection system. A, C, and E, HA staining in 
specimens from nonprogressed patients, B, D, and F, 
HA staining in specimens from progressed patients. 
A and B, Gleason 6 CaP; C and D: Gleason 7 CaP; E 
and F, Gleason 8 CaP, Each panel represents X400 
magnification. 
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Fig. 2. A Glcason 8 CaP specimen with tumor cells 
showing HA staining. Gleason 8 specimen from a pro- 
gressed patient where tumor cells show high-grade HA 
staining. A, XI00 magnification: B, X400 magnifica- 
tion. 

i.e., the specimens showed high-grade HA and HYALl staining, but 
the patients had no disease recurrence within 64 months. However, 
among these seven false-positive cases, two had a biochemical recur- 
rence at 70 months (Table 2). 

Evaluation of the Prognostic Capabilities of Preoperative, 
Postoperative Parameters, and HA and HYALl Staining 
Inferences: Univariate Analysis 

We performed a univariate logistic regression analysis to determine 
the prognostic significance of preoperative parameters (i.e., age, PSA, 
and clinical stage), postoperative surgical and pathologic parameters 
(i.e., Gleason sum, margin +/-, EPE, seminal vesicle invasion +/-), 
as well as inferences of HA, HYALl, and combined HA-HYALl 
staining. As shown in Table 3, both age (P = 0.297; OR = 1.041) and 
stage (P = 0.287; OR = 1.714) were not significant in predicting 
biochemical recurrence in the univariate analysis. However, preoper- 
ative PSA (P = 0.0174; OR = 1.10), Gleason sum {P = 0.0023; 
OR = 3.062), positive margin {P = 0.0001; OR = 9.0), EPE 
{P < 0.0001; OR = 34.125), seminal vesicle invasion (P < 0.0001; 
OR = 17.818), HA staining (P = 0.0014, OR = 30), HYALl staining 
(P < 0.0001; OR = 24.28), and combined HA-HYALl staining 
(P< 0.0001;OR = 34.125) were found to be significant in predicting 
biochemical recurrence. Patients with a Gleason sum S:7 have been 
shown to have a greater risk of progression (41). In the univariate 
analysis, patients with a Gleason sum S:7 had 2.3-fold greater odds 
of developing biochemical recurrence (P = 0.015; OR = 6.982) 
than when CaP tissues of all Gleason sums were analyzed together 
(Table 3). 

Table 2 Sensiiivity, specificity, accuracy. PPV, and NPV of HA, HYALl and combined 
HA-HYALl staining inferences for predicting biochemical recurrence in CaP patients 

Note that 64 month follow-up was used a cut point for determining biochemical 
recurrence. Please note that 2 of the CaP patients who had a biochemical recurrence at 70 
months and showed high-grade HA, HYALl, and combined HA-HYALI staining were 
considered false positives and were included in the specificity calculation. 

Parameters HA HYALl HA-HYALl 

Sensitivity 96% (n = 24/25) 84% (n = 21/25) 84%(« = 21/25) 
Specificity 55.5% (n = 25/45) 82.2% (« = 37/45) 86.7% (« = 39/45) 
Accuracy 70% (n = 49/70) 82.9% (n = 58/70) 85.7% (« = 60/70) 
PPV 54.5% (n = 24/44) 70% (n = 21/30) 77.8% (n = 21/27) 
NPV 96.2% (« = 25/26) 90.2% (n = 37/41) 90.7% (n = 39/43) 

Evaluation of the Prognostic Capabilities of Preoperative, Post- 
operative Parameters, and HA and HYALl Staining Inferences: 
Forward Stepwise Multiple Logistic Regression Analysis. To de- 
termine the smallest number of variables that could jointly predict 
biochemical recurrence in this cohort of study patients, we performed 
the forward stepwise multiple logistic regression analysis. Initially, 
when age, preoperative PSA, chnical stage, Gleason sum, EPE, sem- 
inal vesicle invasion, HA staining, and HYALl staining were in- 
cluded in the model, only EPE (P = 0.0023; OR = 33.483), positive 
margin (P = 0.0059; OR = 26.948), and HYALl staining 
(P = 0.0094; OR = 12.423) reached statistical significance in pre- 
dicting biochemical recurrence (Table 4A). Gleason sum did not reach 
statistical significance in the multiple logistic regression analysis even 
after the patients were stratified according to Gleason s7 and <7 
(data not shown). 

The inclusion of the combined HA-HYALl staining inference 
instead of the individual HA and HYALl staining inferences, in the 
multiple regression model, again showed that EPE (P = 0.0023; 
OR = 35.944), margin (P = 0.0086; OR = 24.438), and HA-HYALl 
staining (P = 0.0033; OR = 18.047) were significant in predicting 
biochemical recurrence (Table 45). None of the other routine prog- 
nostic parameters [i.e., age, PSA, clinical stage, Gleason sum (or 
Gleason stratification as Gleason S7 and <7 and seminal vesicle 
invasion) that were included in the model reached statistical signifi- 
cance (i.e., P > 0.05 in each case)]. 

DISCUSSION 

In this study, we demonstrate for the first time that HYALl and 
combined HA-HYALl staining inferences provide independent prog- 
nostic information for predicting CaP recurrence/progression over and 
above the prognostic information provided by the standard pre- and 
postoperative parameters. Radical prostatectomy for organ-confined 
disease is performed with the idea of disease ciu-e (42,43). However, 
disease relapses in a high percentage of cases despite careful selection 
of patients for surgery based on individual preoperative parameters or 
their combination in algorithms and nomograms (6). Certain genes 
and their products that associate with CaP growth and metastasis have 
shown a potential in predicting biochemical recurrence after surgery 
(8, 44). Because both HA and HYALl are likely to be involved in 
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Fig. 3. HYALl staining of CaP specimens from 
nonprogressed and progressed patients. HYALl 
was localized in CaP tissues using an anti-HYALl 
antibody and a streptavidin peroxidasc DAB-chro- 
mogen detection system. A, C, and E, HYALl stain- 
ing in specimens from nonprogressed patients, fi, D, 
and F, HYALl staining in specimens from pro- 
gressed patients. A and B, Glcason 6 CaP; C and D, 
Gleason 7 CaP; E and F, Gleason 8 CaP. Each panel 
represents X400 magnification. 

m^!i^:-A}ik) 

tumor metastasis and'angiogenesis (3,45-49), it is not surprising that 
we found HA, HYALl, and combined HA-HYALl staining infer- 
ences to have prognostic significance in predicting biochemical re- 
currence. In this study, we focused on CaP patients with clinically 
localized disease because such patients pose a dilemma for clinicians 
in terms of whether the cancer will metastasize; does the patient need 
additional treatment after surgery and what is the prognosis of the 
patient? Thus, in this patient population, accurate prognostic indica- 
tors will have clinical applicability. Nonetheless, although we elimi- 
nated from this study three CaP specimens from patients who had 
positive lymph nodes, all showed high-grade HA and HYALl stain- 
ing, suggesting again that these molecules are associated with CaP 
progression. 

In this study, HA staining in CaP tissues had high sensitivity 

Table 3 Univariale analysis of pre- and posloperalive prognostic parameters and HA, 
HYALl, and combined HA-HYALl staining inferences 

Parameter x' P value OR 95% CI" 

Age 1.088 0.297 1.041 0.965-1.122 
PSA 5.652 0.0174'' 1.1 1.017-1.192 
Clinical stage 0.539 0.287 1.741 0.636-4.621 
Gleason sum (Overall) 9.266 0.0023'' 3.062 1.49-6.294 
Gleason sum s7 5.919 0.015* 6.982 1.459-33.411 
Margin 14.764 0.0001'' 9.0 2.934-27.603 
EPE 25.435 <0.000l'' 34.125 8.655-134.545 
Seminal vesicle invasion 15.969 <0.0001'' 17.818 4.339-73.175 
HA 10.222 0.0014'' 30.0 3.729-241.337 
HYALl 22.627 <0.0001" 24.281 6.524-90.375 
HA-HYALl 25.435 <0.0001'' 34.125 8.655-134.545 

' CI, confidence interval. 
^ Statistically significant. 

(96%) but low specificity (55.5%) in predicting biochemical 
recurrence. Consequently, although in the univariate analysis, 
HA staining showed prognostic significance (Table 3), in the 
forward stepwise multiple logistic regression analysis, it had no 
additional prognostic significance when standard biochemical, sur- 
gical, and pathologic parameters, as well as HYALl staining, were 
included in the model (Table 4). Consistent with this observation, 
Lipponen et al. (22) reported previously that HA expression in 
tumor-stroma of CaP specimens has no additional prognostic sig- 
nificance over the standard prognostic indicators {i.e., Gleason 
sum, stage, and node status). The combination of HA with HYALl 
did increase the specificity, accuracy, and PPV of the combination 
when compared with that of HYALl or HA alone (Table 2). 
Similarly, the OR of the HA-HYALl combination (18.047) was 
slightly better than that of HYALl (12.423) alone. Thus, based on 
our study and that by Lipponen et al. (22), HA staining of CaP 
tissues generally has low specificity and is probably not of clinical 
significance. 

Lipponen et al. (22) also reported that 39%> of the CaP specimens 
expressed HA in tumor cells in addition to the expression in tumor- 
stroma. However, the presence of HA in tumor cells did not have 
independent prognostic significance. In our study, although we found 
40% of the CaP specimens from progressed patients showed high- 
grade HA staining in tumor cells, it did not have any independent 
prognostic significance. In contrast to these observations, in gastro- 
intestinal, colon, and breast cancers, HA expression in tumor cells 
correlates with poor survival (17, 18, 21). Thus, although HA expres- 
sion is elevated in many types of cancers, the clinical significance of 
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Table 4 Font'ard stepwise multiple logistic regression analysis of pre- and postoperative prognostic parameters and HA, HYALl. and combined HA-HYALl staining inferences 

The significant parameters {P < 0.05) selected by the model arc shown. A, in the analysis, HA and HYALl staining inferences were included separately, along with other pre- (i.e.. 
age, PSA, and clinical stage) and post- [i.e.. Gleason sum (or .stratified Gleason as S7 and <7), EPE, margin +/-, and seminal vesicle invasion] surgery parameters. B. combined 
HA-HYALl staining inference was included in the analysis, together with the above-mentioned pre- and postoperative parameters. 

A B 

Parameter / P value OR 95% CI" >^ P value OR 95% CI 

EPE 
Margin 
HYALl 
HA-HYALl 

15.20 
7.573 
6.846 
NA 

0.0023* 
0.0059* 
0.0094* 

NA 

33.483 
26.948 
12.423 
NA 

3.493-320.912 
2.58-281.463 

1.856-83.158 
NA 

9.271 
6.895 
NA 

8.628 

0.0023* 
0.0086* 

NA 
0.0033* 

35.944 
24.438 

NA 
18.047 

3.583-360.565 
2.249-265,55 

NA 
2.619-124.378 

' CI, confidence intcr%'al; NA, not applicable. 
* Statistically significant. 

this expression, in terms of predicting prognosis, varies witii the tissue 
of origin of each cancer. 

We have shown that HAase levels, measured using an ELISA-like 
assay, correlate with CaP progression and serve as accurate urine 
markers for detecting intermediate- and high-grade bladder cancer 
(11, 50). HYALl is expressed in invasive CaP and bladder cancer 
cells (11, 36, 37). The present study is the first to demonstrate the 
prognostic significance of HYALl expression in cancer. In this study, 
HYALl staining in CaP specimens had high sensitivity (84%), spec- 
ificity (82.2%), and accuracy (82.9%) in predicting biochemical re- 
currence after radical prostatectomy. Among all of the pre- and 
postoperative prognostic parameters included in the forward stepwise 
multiple logistic regression analysis, only EPE and margin had addi- 
tional prognostic significance if HYALl is included in the model 
(Table 4). 

In contrast with our observation that HYALl expression correlates 
with biochemical in CaP, Hiltunen et al. (51) have shown that in 
malignant epithelial ovarian tumors, the concentration of HA and not 
HAase is elevated. These observations suggest that the clinical sig- 
nificance of HA and HYALl expression may be different in tumors of 
different tissue origins. This notion is corroborated by the observa- 
tions that although HA expression correlates with malignant tumor 
progression in gastric, breast, and colorectal cancers (17, 18, 21), HA 
expression has no prognostic significance in CaP (results from this 
study and Ref 22). In bladder cancer, the HYALl expression corre- 
lates with tumor grade, i.e., high-grade tumors, which have a propen- 
sity to invade and metastasize express high levels of HYALl (16, 23). 
The differences in the clinical significance of HA and HAase expres- 
sion in tumors of different origins is further supported by the obser- 
vations that although HYALl expression in a transplantable rat colon 
carcinoma cell tumor suppresses tumor growth, the overexpression of 
HYALI induces metastasis in a human xenograft model involving 
PC3-M CaP cells (52, 53). Taken together, HYALl is a tumor 
cell-derived HAase, the expression of which associates with cancer 
progression. 

In this study, all of the patients had a minimum follow-up of 64 
months and a median follow-up of 79 months in the nonprogressed 
group. A follow-up duration of >5 years was long enough if any of 
the CaP patients placed in the nonprogressed category were to have a 
biochemical recurrence. Therefore, based on this first report, with 
sufficiently long follow-up, HYALl expression merits further inves- 
tigation and HA expression is of limited clinical value in predicting 
biochemical recurrence after radical prostatectomy. Most CaP patients 
with clinically localized disease have preoperative PSA values be- 
tween 4 and 10 ng/ml, stage T,,-. disease, and a biopsy Gleason sum 
between 5 and 7 (8). Such similarity limits the prognostic capability 
of these preoperative parameters. Further studies on HYALl and 
HA-HYALl staining in biopsy specimens should reveal whether these 
markers could improve our ability to predict prognosis for patients 
who choose a curative approach involving radical prostatectomy. 
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ABSTRACT 
Purpose: Despite the development of nomograms designed to evaluate a prostate cancer 
(PCa) patient's prognosis, the infomriation has been limited to prostate specific antigen 
(PSA), clinical stage, Gleason score and tumor volume estimates. We compared the 
prognostic potential of 4 histological markers, hyaluronic acid (HA), HYAL-1 type 
hyaluronidase (HAase), CD44v6 and microvessel density using immunohistochemistry. HA 
is a glycosaminoglycan that promotes tumor metastasis. CD44 glycoproteins serve as cell 
surface receptors for HA and CD44v6 isofomn is associated with tumor metastasis. HYAL-1 
type HAase is expressed in tumor cells and like other HAases degrades HA into angiogenic 
fragments. 
Materials and Methods: Archival PCa specimens (n = 66) were obtained from patients who 
undenwent radical prostatectomy for clinically localized PCa and on whom there was a 
minimum follow-up of 72 months (range 72-131 months, mean follow-up 103 months). For 
HA, HYAL-1 and CD44v6 staining and MVD detemination, a biotinylated HA-binding 
protein, an anti-HYAL-1 IgG, an anti-CD44v6 IgG and an anti-CD34 IgG were used, 
respectively. HA and HYAL-1 staining was evaluated as low- and high-grade. CD44v6 
staining and MVD were evaluated quantitatively and then grouped as low- and high-grade. 
Results: At 72 month cut-off limit for evaluating biochemical recun-ence, HA, HYAL-1, 
combined HA-HYAL-1, CD44v6 and MVD staining predicted progression with 96%, 84%, 
84%, 68% and 76% sensitivity, respectively. The specificity was, 61% (HA), 80.5% (HYAL-1) 
and 87.8% (HA-HYAL-1), 56.1% (CD44v6) and 61% (MVD), respectively. The sensitivity and 
specificity values for each marker did not change significantly in a subset of 45 patients on 
whom > 112-month follow-up was available. In univariate analysis using Cox Proportional 
Hazard model, preoperative PSA, Gleason sum, margin status, seminal vesicle, extra- 
prostatic extension (EPE), HA, HYAL-1 and HA-HYAL-1 and MVD, but not CD44v6, age and 
clinical stage, were significant in predicting biochemical recurrence (P < 0.05). In the 
multivariate analysis using stepwise selection, only preoperative PSA (Harzard ratio/unit 
PSA change 1.086; P < 0.0001), EPE (Hazard ratio 6.22; P = 0.0016), and HYAL-1 (8.196; P 
= 0.0009)/HA-HYAL-1 (Hazard ratio, 5.191; P = 0.0021) were independent predictors of 
biochemical recurrence. HA was an independent predictor of prognosis, if HYAL-1 staining 
inference was not included in the multivariate model. 
Conclusion: In this retrospective 72 to 131 follow-up study, EPE and preoperative PSA and 
HYAL-1 either alone or together with HA (i.e., combined HA-HYAL-1), were found to be 
independent prognostic indicators for PCa. 



INTRODUCTION 
Over the last decade, the number of curable prostate cancer (PCa) cases has 

significantly increased due to the widespread use of prostate specific antigen (PSA) (1,2). 
However, despite a careful selection of patients, the disease recurs in a substantial 
percentage of localized PCa cases undergoing curative treatment modalities (i.e., radical 
prostatectomy and radiotherapy) (3-6). An accurate prediction of the risk of progression 
would be useful in choosing the type and the timing of the most appropriate treatment. 
Although existing parameters such as, the Gleason sum or pre-operative PSA provide some 
prognostic infonnation, it is difficult to estimate prognosis in PCa patients, since two thirds of 
them have PCa with Gleason sum 5 to 7 and serum PSA levels between 4 and 10 ng/m! (6- 
11). Furthennore, all patients with the same pathological stage and/or grade do not have the 
same prognosis. Thus, there is a need for accurate prognostic markers to identify the 
biological behavior of the tumor. Recently, we showed that HYAL-ltype hyaluronidase 
(HAase) either alone or in combination with hyaluronic acid (HA) appears to be an 
independent predictor of biochemical recurrence among radical prostatectomy patients (12). 

HA is a nonsulfated glycosaminoglycan made up of repeated disaccharide units, D- 
glucuronic acid and N-acetyl-D-glucosamine (13). HA maintains the osmotic balance of 
tissues and regulates cellular processes such as adhesion, migration and proliferation (13). 
The biological functions of HA are mediated by different HA receptors, including CD44 (14). 
The concentration of HA is elevated in several tumor types, and in some tumors (e.g., 
breast, colon, etc.), high level of HA expression in tumor-associated stroma and/or tumor 
ceils predicts poor survival (15-19). Increased urinary HA levels serve as an accurate 
diagnostic marker for bladder cancer, regardless of tumor grade and stage (20). However in 
PCa, HA is not an independent predictor for prognosis (12,19). 

HYAL-1 type HAase is present in serum and is also produced by bladder, prostate 
and head and neck cancer cells (21,24). HAase class of enzymes is known to degrade HA 
into small fragments, some of which (3-25 disaccharide units) induce angiogenesis (25,26). 
Angiogenic HA fragments stimulate endothelial cell proliferation, adhesion and migration by 
activating focal adhesion kinase and mitogen-activated protein kinase pathways (26). We 
have previously shown the presence of angiogenic HA fragments in PCa tissues and in the 
urine and saliva of bladder and head and neck cancer patients, respectively (22,24,27). In a 
retrospective study with a minimum of 5-year follow-up, we showed that HYAL-1 staining 
predicts progression with 84% sensitivity and 80% specificity (12). Furthermore, high HYAL- 
1 staining was an independent predictor for prognosis. 

CD44 denotes a family of cell surface transmembrane glycoproteins involved in cell- 
to-cell and cell-to-extracellular matrix interactions (28,29). Alternative splicing of CD44 
mRNA in 10 of the 20 exons generates several variant CD44 isofonns (29,30). The standard 
form of CD44 (i.e., CD44s) is an HA receptor and is expressed in a variety of normal and 
tumor cell types (28,31). We have previously shown that an isoform of CD44 (ex14/v10) is 
involved in HA-mediated endothelial cell proliferation (32). The correlation between tumor 
progression and CD44s and/or its isofonns is controversial. We and others have shown that 
the androgen insensitive prostate cancer line PC-3 and primary PCa cells express CD44s 
and CD44 variants (e.g., CD44v3 and CD44v6), however, the androgen sensitive poorly 
metastatic line LNCaP does not express CD44 (33-35). Contrary to these findings, it has 
been shown that the over-expression of CD44v6 in a rat PCa line decreases metastasis 
(36). Recently, Ekici et al showed that decreased expression of CD44v6 could be a predictor 
of poor prognosis in clinically localized PCa (37). Aaltomaa et al also reported similar results 
(38). 

Angiogenesis is an essential process for tumor growth and metastasis (39-41). 
Clinical significance of angiogenesis, measured as microvessel density (MVD), has been 
demonstrated for several tumor types, including, gastrointestinal, breast, bladder and renal 



cell carcinomas (42-45). Studies that compared various endothelial cell markers (i.e., CD31, 
CD34 and Factor VIII) have shown that CD34 is a sensitive endothelial ceil marker for 
measuring MVD (46,47). At the present time, the clinical significance of MVD, as an 
independent predictor of pathological stage and recurrence in PCa remains controversial 
(46-51). 

In this study, we compared the prognostic potential of markers, HA, CD44v6, HYAL-1 
and MVD in regards to clinically localized PCa. Since HYAL-1 degrades HA and generates 
angiogenic fragments and CD44 acts as a cell-surface receptor for both HA and HA 
fragments, it is interesting to examine whether these biologically linked molecules are 
accurate prognostic indicators for PCa, and whether they influence each other's prognostic 
capabilities. 

MATERIALS AND METHODS 
Specimens and study patients: 

Sixty-six randomly selected PCa specimens were obtained from patients who 
underwent radical retropubic prostatectomy for clinically localized PCa between 1992 and 
1995 at University of IVIiami. The patients neither received neo-adjuvant homnonal therapy 
nor had metastasis to regional pelvic lymph nodes. The minimum available follow-up on all 
patients was 72 months. The study was conducted under a protocol approved by University 
of Miami's Institutional Review Board. Of the 66 patients, 25 patients had biochemical or 
clinical recurrence before 72 months (mean time to recurrence: 21.3 months; range: 3 to 61 
months), and 41 patients were free of disease recurrence (mean follow-up: 103 months; 
range: 72-131 months). Biochemical recurrence was defined as a PSA level > 0.4 ng/ml in 
2 successive measurements after the operation, in which case the first date of elevated PSA 
level was considered as the date of failure. The patient characteristics with respect to age, 
preoperative PSA, and tumor (i.e., Gleason sum, stage, margin, extraprostatic extension 
(EPE) and seminal vesicle invasion) are shown in Table 1. 

Immunohistocliemistry and slide grading: 
For all specimens, paraffin embedded blocks containing PCa tissues representing the 

major Gleason score were selected by the pathologist of the study. From each block, 8 
slides were prepared. Four slides were used for HA, HYAL-1, CD44v6 and anti-CD34 (for 
MVD detennination) staining. The remaining slides were either used for determining non- 
specific staining corresponding to each staining reagent or for repeating the staining to 
evaluate staining consistency. For all staining procedures, the specimen slides were 
deparaffinized, rehydrated and treated with an Antigen Retrieval Solution (Dako 
Laboratories). 

HA and HYAL-1 staining: IHC for localizing HA and HYAL-1 in PCa tissues was carried out 
as described previously (12, 22). HA was localized in PCa tissues using a biotinylated HA- 
binding protein. HYAL-1 was localized using a rabbit polyclonal anti-HYAL-1 IgG, which was 
generated against a peptide sequence present in the HYAL-1 protein (amino acids 321 to 
338) (12,22). 

Two readers independently evaluated all slides in a blinded fashion. Any discrepancy 
in assigning staining intensity was resolved by both readers reexamining those slides 
simultaneously. The staining for HA and HYAL-1 was graded as 0 (no staining), 1+, 2+, and 
3+. For HA staining, both the tumor-associated stroma and tumor cells were graded in each 
slide. The overall staining grade for each slide was assigned based on the staining intensity 
of the majority of the tumor tissue in the specimen. However, if 50% of the tumor tissue 
stained as 1+ and the other 50% as 3+, the overall staining grade was 2+. If the staining 
distribution was 50% of the tumor staining 2+ and the remaining staining as 3+, the overall 
staining inference was assigned as 3+. The staining scale was further subcategorized into 
low grade and high grade. For HA staining, low-grade staining included 0, 1+ and 2+ 
staining, and high-grade staining included 3+ intensity. In those cases (n = 2) where the 



stromal tissues were evaluated as low-grade staining but the tumor cells stained as 3+, the 
overall HA staining was considered as high grade. For HYAL-1, high-grade staining 
represented 2+ and 3+ staining, whereas low-grade staining included 0 and 1+ staining 
intensities. For the combined HA-HYAL-1 staining, a positive result was indicated only when 
both HA (stromal, tumor cells, or both) and HYAL-1 staining intensities were of high grade. 
Any other combination was considered negative. All slides were reviewed out of order to 
prevent direct comparison of individual cases for HA and HYAL-1. 

CD34 staining: Following the antigen retrieval step (as described above), the slides were 
incubated with a mouse monoclonal anti-human hematopoietic progenitor cell CD34 
antibody (dilution of 1:20; DAKO, Denmark) at 4°C for 15 hours. The slides were then 
incubated with a biotinylated anti-mouse antibody and an avidin-peroxidase conjugate 
solution (Vectastain ABC Kit, Vector Laboratories, Burlingame, CA). To visualize peroxidase 
binding sites, the slides were incubated with a 3,3'-diaminobenzidine (DAB) chromogen 
substrate solution (Dal<o Laboratories) for 10 minutes. The slides were counterstained with 
hematoxylin, dehydrated and mounted. 

The method described by Weidner et al (48) was used for scoring of the microvessels 
stained with CD34. The area of the highest MVD in each tissue specimen was localized 
under 40X magnification and was designated as "hot spot". The microvessels in the hot 
spots were counted under 400X-magnification. Any vessel with lumen and endothelial cell or 
endothelial cell cluster stained positively for CD34 was considered to be a single countable 
microvessel. MVD count was defined as the mean value of the counts obtained in 3 
separate, contiguous but not overlapping areas within the hot spot. A cutoff value was 
determined using the receiver operating characteristic (ROC) curve and according to this 
value two groups of low and high MVD were assigned. Microvessels were examined and 
counted by the three readers (S.E., V.B.L. and W.H.C.) independently and without the 
knowledge of the clinical and pathological status of the patients. The sections were reviewed 
out of order to prevent direct comparison of individual cases for CD34. 

CD44v6 staining: Following antigen retrieval, the slides were incubated with a mouse 
monoclonal anti-human CD44v6 antibody (dilution of 1:50; Bender Med systems, Vienna, 
Austria) at 4°C for 15 hours. The sections were then incubated with a biotinylated secondary 
antibody and an avidin-peroxidase conjugate solution (Vectastain ABC Kit, Vector 
Laboratories, Burlingame, CA). To visualize peroxidase binding sites, the slides were 
incubated with a 3,3'-diaminobenzidine (DAB) chromogen substrate solution (Dako 
Laboratories) for 10 minutes. The slides were counterstained with hematoxylin, dehydrated 
and mounted. 

The slides for CD44v6 were scored as described by Ekici et al (37). All sections 
included normal prostate tissue and/or benign prostatic hyperplasia glands as internal 
controls. Intensity of staining was graded as 0 for no staining, 1 for weak intensity, 2 for 
moderate intensity and 3 for strong intensity. A combined staining score based on an 
estimate of the percentage of tumor ceils stained and the intensity of staining was 
developed. The areas of tumor cells stained with maximum intensity (primary area) and the 
other tumor cells stained with lesser intensity (secondary area) were detemriined in 
percentage values. The combined score is obtained by adding the scores of the primary and 
secondary areas. Staining intensities were examined and scored by two readers (S.E. and 
V.B.L.), independently and in a blinded fashion. A cutoff value was determined from the 
ROC curve and according to this value two groups of low and high CD44v6 staining were 
assigned. 

Statistical Analysis: 
The inter-assay variability regarding staining intensity was detemnined by Pearson's 

correlation analysis. The Spearman's bivariate correlation coefficients were 0.85, 0.9, 0.98 
and 0.95 for HA, HYAL-1, CD34 and CD44v6 staining, respectively. For all the markers, a 
high-grade staining was considered as a true positive if the patient had biochemical 



recurrence. Consequently, low-grade staining was considered as a true negative, if the 
patient had no biochemical recun-ence. The sensitivity, specificity, accuracy, positive 
predictive value (PPV), and negative predictive value (NPV) for HA, HYAL-1, HA-HYAL-1, 
CD34 and CD44v6 staining inferences were calculated using the 2 x 2 contingency table 
(high-grade/low-grade staining and progressed/non-progressed CaP patients) at 72, 84, 100 
and 112 month cut-off limits. For CD44v6 and MVD, Receiver Operating Characteristic 
curves were developed for detemining the optimal cut-off limits that yielded the best 
possible sensitivity and specificity values. The cut-off limits for CD44v6 and MVD were 180 
and 41, respectively. The sensitivity Is defined as: true positive (i.e.. No. of recun-ed patients 
predicted by a marker) H- total no. of recun-ed patients. Specificity: true negatives (i.e.. No. of 
non-recurred patients predicted by a marker) -^ total no. of non-recurred patients. Accuracy: 
No. of True positive + No. of true negatives + total no. of CaP patients in the study. PPV: No. 
of true positive ^ No. of true positive + No. of false positive. NPV: No. of true negative ^ No. 
of true negative + No. of false negative. The data on various, biochemical, surgical, and 
pathologic parameters, as well as HA, HYAL-1, HA-HYAL-1, CD34 and CD44v6 staining 
inferences, were analyzed by Cox Proportional Hazard model, using single variable analysis 
(unlvariate analysis) or step-wise selection analysis. Stratified Kaplan-IVIeier analyses were 
performed on the variables that were found to be significant in the multivariate Cox 
Proportional Hazard model. For PSA subset analysis, Mantael-Haenszel Chi-square 
analysis or Student's t test were used to determine statistical significance. Statistical analysis 
was carried out using the SAS Software Program (version 8.02; SAS Institute, Cary, NC). 

RESULTS: 
Immunohistochemistry of the tissue markers: 

The HA, HYAL-1, CD44v6 and CD34 antigens were localized in 66 archival PCa 
specimens obtained from patients who underwent radical retropubic prostatectomy for 
clinically localized disease. An increase in PSA levels > 0.4 ng/ml was taken as an indicator 
of biochemical recurrence. Fig. 1 shows immunohistochemical localization of HA, HYAL-1, 
CD44v6 and IVIVD in 2 Gleason 7 PCa specimens, one each from a non-recurred (panels A, 
C, E, G) and a recurred (panels B, D, F, H) patient, respectively. 

As shown in Fig. 1 panel A, very little HA staining is seen in PCa tissue from a patient 
who did not progress within 72 months. Among the 41 PCa specimens from non-recurred 
patients, 25 showed low-grade staining. Panel B shows high-grade HA staining in PCa 
specimen from a patient who had biochemical recurrence in < 72 months (median time to 
recun-ence: 19 months; mean time to recurrence: 21.3 months). The HA staining is seen 
mainly in tumor-associated stroma. However, high-grade HA staining was also seen in tumor 
ceils in 8 out of 25 patients who had biochemical recurrence. Out of the 25 patients who had 
recun-ed, 24 showed high-grade HA staining. 

An anti-HYAL-1 peptide IgG was used to localize HYAL-1. As shown in Fig. 1 panel 
C, little HYAL-1 staining is seen in the PCa tissue from a non-recurred patient. Out of the 41 
non-recurred patients, PCa specimens from 33 had low-grade staining. In the PCa specimen 
from a patient who later recurred, high-grade HYAL-1 staining is seen (Fig. 1, panel D). The 
HYAL-1 expression is seen exclusively in tumor cells. Out of the 25 patients who recurred 
within 72 months, 21 had high-grade HYAL-1 staining. 

CD44v6 was localized using an anti-CD44v6 mouse monoclonal antibody. Contrary 
to some earlier reports (37,38), low-grade CD44v6 staining is observed in the PCa specimen 
from a non-recurred patient (Fig. 1, panel E) and high-grade CD44v6 staining is observed in 
the PCa tissue from a recurred patient (Fig. 1, panel F). CD44v6 staining is mostly 
associated with the plasma membrane of tumor cells. We also observed CD44v6 in non- 
neoplastic epithelial cells in normal prostate and benign prostatic hyperplasia glands. 
However, the staining intensity of CD44v6 in non-neoplastic cells was less than that in tumor 



cells. It is noteworthy that there was a great degree of heterogeneity in CD44v6 staining. For 
these reasons we used a semi-quantitative method to grade CD44v6 staining (37). Using a 
cut-off limit of 180 on the scoring scale, 23 out of 41 PCa specimens from non-recun-ed 
patients showed low-grade staining, whereas, out of the 25 patients who recurred, 17 
showed high-grade staining. 

It has been shown previously that visualization and scoring of microvessels using 
anti-CD34 staining is both sensitive and specific (46,47,52). We therefore used an anti-CD34 
monoclonal antibody to visualize microvessels in PCa tissues. As shown in Fig. 1 panel G, 
MVD is low in the PCa tissue from a non-recurred patient. As determined from the Receiver 
Operating Characteristic curve, a cut-off limit of 41 was set to score low or high IVIVD. Out of 
the 41 non-recurred patients, PCa tissues from 25 patients had low MVD. However, the 
MVD was high in 19 out of 25 PCa tissues obtained form patients who had a recurrence. Fig. 
1 panel H shows high MVD in the PCa specimen from a patient who later recun-ed. 

Determination of sensitivity, specificity, accuracy, PPV and NPV: In this study on all of 
the patients a minimum 72-month follow-up was available (Mean follow-up, 103 months; 
median follow-up 104.2 months; range 72 - 131 months). Therefore, we detennined 
sensitivity, specificity, accuracy, PPV and NPV of HA, HYAL-1, combined HA-HYAL-1, 
CD44v6, and MVD at 72-, 84-, 100- and 112-months of follow-up. As shown in Tables 2 A 
and 2 B, at 72 months the sensitivity of HA, HYAL-1, combined HA-HYAL-1, CD44v6, and 
MVD for predicting PCa recun-ence is 96%, 84%, 84%, 76% and 68%, respectively. The 
specificity, of HA (61%), CD44v6 (56.1%), and MVD (61%) was lower than that of HYAL-1 
(80.5%) and combined HA-HYAL-1 (87.8%). The accuracy of the HA-HYAL-1 (86.4%) was 
the highest, followed by HYAL-1 (81.8%), HA (74.2%), MVD (66.7%), and CD44v6 (57.6%). 
Due to higher specificity, the PPV of combined HA-HYAL-1 (80.8%) and HYAL-1 (70%) was 
high. However, the PPV of the CD44v6 was the lowest (48.6%), followed by MVD (54.3%) 
and HA (60%) staining. Due to high sensitivity, the NPV of the HA staining (96.1%) was the 
highest, followed by HA-HYAL-1 (90%), HYAL-1 (89.3%), MVD (80.6%) and CD44v6 
(74.2%), respectively (Tables 2 A and 2 B). 

At 84 month follow-up, the cohort consisted of 61 patients (Mean follow-up 107.9 
months, median follow-up, 112 months; range: 85 - 131 months), out of which 36 were in 
the non-recurred group. Thus, the sensitivity values of all the markers remained unchanged 
at 84 months when compared to those at 72-month follow-up (Tables 2 A and B). There was 
also no significant change in the specificity, accuracy, PPV and NPV values for HA (61.1%, 
75.4%, 63.2%, 95.7%), HYAL-1 (80.6%, 82%, 75%, 87.9%), combined HA-HYAL-1 (88.9%, 
86.9%, 84%, 88.9%), MVD (61.1%, 67.2%, 57.6%, 78.6%), and CD44v6 (52.8%, 59%, 50% 
and 70.4%), respectively. 

At 100-month cut-off limit, follow-up infomiation was available on 52 patients (mean 
follow-up 117.1 months; median follow-up, 117.8; range 101.6 - 131). Out of these 52 
patients, one who was in the non-recurred category up to 84-month follow-up showed 
biochemical recurrence. Interestingly, this patient was scored as a false positive on HYAL-1 
and CD34 at 72- and 84-month follow-up. Thus, the sensitivity of both HYAL-1 (84.6%) and 
CD34 (76.9%) increased slightly, whereas that of HA (92.3%), combined HA-HYAL-1 
(80.8%) and CD44v6 (65.4%) decreased (Tables 2 A and 2 B). 

Follow-up information of >:112 month was available on 45 patients (mean follow-up 
121 months; median 120.2; range 112 - 131 months). At 112 month, one patient who was a 
false positive on HA, HYAL-1, combined HA-HYAL-1 and MVD markers up to 100 months, 
showed biochemical recurrence. Thus, the sensitivity of HA, HYAL-1, combined HA-HYAL-1, 
MVD and CD44v6 was 92.6%, 85.2%, 81.5%, 77.8% and 62.9% respectively. At final 
analysis, both HYAL1 and combined HA-HYAL-1 had the best specificity (94.4%, 94.4%), 
accuracy (88.9%, 86.7%), PPV (95.8%, 95.7%), and NPV (81%, 77.3%) values, followed by 



HA (80.6%. 91.1%, 92.6%, 80.6%), MVD (77.8%, 77.8%, 84%, 70%) and CD44v6 (61.1%, 
62.2%, 70.8%, 52.4%). 

Evaluation of the prognostic capabilities of pre-operative and post-operative 
parameters and histologicai mariners: 
Univariate analysis: 

Since the study patients in tliis cohort had variable follow-up between 72 and 131 
months, we used Cox Proportional Hazard model and single parameter analysis to 
detennine the prognostic significance of each of the pre-operative (i.e., age, PSA and clinical 
stage) and post-operative parameters (i.e., Gleason sum, margin +/-, EPE +/-, seminal 
vesicle invasion +/-), as well as, staining inferences of HA, HYAL-1, combined HA-HYAL-1, 
CD44v6 and MVD. As shown in Table 3, age (p = 0.5104; hazard ratio = 1.019), clinical 
stage (p = 0.2683, hazard ratio = 1.2620) and CD44v6 staining (p = 0.131 hazard ratio = 
1.826) were not significant in predicting biochemical recun-ence. However, pre-operative 
PSA (p = 0.0006, hazard ratio/unit PSA change = 1.048), Gleason sum overall (p = 0.0002; 
hazard ratio = 2.5), margin status (p = 0.0003; hazard ratio = 4.5), EPE (p<0.0001; hazard 
ratio = 12.781), seminal vesicle invasion (p<0.0001; hazard ratio = 6.56), HA staining 
(p=0.0008; hazard ratio = 12.091). HYAL-1 staining (p<0.0001; hazard ratio = 13.192), HA- 
HYAL-1 staining (p<0.0001; hazard ratio = 10.749) and IVIVD (p = 0.0015; hazard ratio = 
4.36) significantly predicted biochemical recurrence (Table 3). Patients with Gleason sum > 
7 have been shown to have a greater risk of progression (41). In the single parameter 
analysis, the hazard of developing biochemical recurrence Gleason sum > 7 patients (p = 
0.0165, hazard ratio = 5.827). increased 2.3-fold when all Gleason sums were analyzed 
together (Table 3). 

Multivariate analysis: 
To detennine the smallest number of variables that could jointly predict biochemical 

recun-ence in this cohort of study patients, we used Cox Proportional Hazard model and 
step-wise selection analysis. When age, pre-operative PSA, clinical stage, Gleason sum 
(overall or >7), EPE, seminal vesicle invasion and staining inferences of HA, HYAL-1, 
CD44v6, and MVD were included in the model, only pre-operative PSA (p < 0.0001, hazard 
ratio/unit PSA change = 1.086), EPE (p = 0.0016, hazard ratio = 6.222) and HYAL-1 (p = 
0.0009, hazard ratio = 8.1896) reached statistical significance in predicting biochemical 
recurrence (Table 4 A). 

To demonstrate the joint effect of HYAL-1 and EPE or HYAL-1 and PSA on 
biochemical recurrence, we perfonned Kaplan-Meier analysis. As shown in Fig 2 A, the 
probability of biochemical recurrence is the highest when HYAL-1 is high and EPE is 
positive, and a patient has the lowest probability of recun-ence when HYAL-1 is low and EPE 
is negative. Since PSA was a continuous estimate, with values ranging from 0.5 ng/ml to 62 
ng/ml, for the entire cohort of study individuals (n = 66), we divided the cohort as those with 
PSA levels < 7 ng/ml and those with > 7 ng/ml. The 7 ng/ml PSA was used as the cut-off 
limit since that was the median PSA value for the entire cohort. As shown in Fig. 2 B, 
individuals with HYAL-1 high and PSA > 7 ng/ml have the highest probability of recurrence, 
followed by those with HYAL-1 high and PSA < 7 ng/ml. Individuals with low HYAL-1 staining 
and PSA levels < 7 ng/ml have the lowest probability of recurrence. These data explain why 
the multivariate analysis selected HYAL-1, EPE and PSA as independent prognostic 
indicators. 

The inclusion of the combined HA-HYAL-1 staining inference instead of HA and 
HYAL-1 staining inferences, in the multiple regression model again showed that pre- 
operative PSA (p = 0.0002, hazard ratio/unit PSA change 1.077), EPE (p = 0.0009, hazard 
ratio = 6.906) and HA-HYAL-1  (p = 0.0021, hazard ratio = 5.191) were significant In 



predicting biochemical recurrence (Table 4 B). None of the other pre-operative (PSA, clinical 
stage) and post-operative parameters (Gleason sum overall or Gleason stratification > and < 
7, and seminal veicle) or CD44v6 and MVD staining inferences reached statistical 
significance in the multivariate model (P > 0.05, in each case). Kaplan-Meier analysis using 
HA-HYAL-1 and EPE or HA-HYAL-1 and PSA demonstrated that individuals with high HA- 
HYAL-1 and positive EPE or high HA-HYAL-1 and PSA > 7 ng/ml have the highest 
probability of biochemical recurrence (data not shown). 

When HYAL-1 was omitted in the model during step-wise analysis, HA (p = 
0.0065, hazard ratio = 8.658) together with pre-operative PSA (p = 0.0006, hazard ratio/unit 
PSA change = 1.079) and EPE (p < 0.0001, hazard ratio = 9.073) were significant in 
predicting biochemical recurrence. Similarly when PSA was omitted in the model, margin 
status reached independent prognostic significance together with EPE and HYAL-1 or HA- 
HYAL-1 (data not shown). 

PSA sub-group analysis: 
It has been suggested that biochemical recurrence < 24 months indicates systemic 

disease, whereas, biochemical recurrence > 24 months suggests local recurrence. To test 
whether any of the pre- and post-operative parameters, as well as, IHC markers under study 
distinguish between these groups, we perfonned Mantel-Haenszel chi square analysis (for 
testing Gleason sum, Gleason sum >7, EPE, margin status, seminal vesicle invasion, HA, 
HYAL-1, combined HA-HYAL-1 CD34 and CD44v6) or student's t test (for age and pre- 
operative PSA). As shown in Table 5, margin status could distinguish between PSA 
recurrence < 24 months and > 24 months (P = 0.269, -^ - 4.894), however, none of the 
other parameters or markers reached statistical significance in this comparison. 

DISCUSSION: 
In this study we compared the prognostic potential of histologic markers HA, HYAL-1, 

CD44v6 and l\/1VD for predicting biochemical recurrence in PCa patients. We chose to 
compare these markers since their biological functions are inten-elated. For example, HA, an 
extracellular matrix component is a high affinity ligand for CD44 (14,28). HA-CD44 
interaction promotes cell-adhesion, migration and proliferation (14,28). HYAL-1 degrades HA 
into small fragments, which promote angiogenesis and MVD is an indicator of angiogenesis 
(25,26,41). In addition to their biological relatedness, each of these histologic markers have 
shown potential to predict prognosis for PCa patients (12,19,37,38,46-51). 

The prognostic capability of HA staining in tumors varies depending upon the tissue 
from where the cancer originates. HA staining in tumor-associated stroma and/or tumor cells 
has been shown to have prognostic capability in breast, colon and gastrointestinal cancers, 
however, it does not have independent prognostic capability in PCa (13-19). In this study we 
found that the HA staining has 92.3% sensitivity and 80.6% specificity to predict biochemical 
recun-ence within 112 months. Interestingly, the specificity of HA staining to predict 
biochemical recurrence increased from 61% at 72-month follow-up, to 80.6% at 112-month 
follow-up. We have previously shown that at 64-month follow-up although HA staining had 
high sensitivity (96%), the specificity of this marker to predict biochemical recurrence was 
even lower (55.5%) when compared to that at 72 month (12). These results indicate that 
positive HA staining in PCa tissues means that the patient could have a recurrence within 
112 months. In this study and in a previous study we found that HA staining shows 
prognostic capability in univariate analysis, however, it is not an independent predictor of 
biochemical recurrence. Interestingly however, if HYAL-1 staining inference is not included in 
the Cox Proportional Hazard model during stepwise analysis, HA together with pre-operative 
PSA and EPE reaches independent prognostic significance. These results indicate that 
HYAL-1 marker provides all of the prognostic information supplied by HA staining, as well as 
some additional prognostic information. 



The prognostic significance of CD44 standard form and its variant isoforms (e.g., 
CD44v6) is unclear. Contrary to our finding tliat CD44v6 expression was elevated in patients 
who later had biochemical recurrence, two reports showed that a decrease in CD44v6 
expression correlates with increase in Gleason sum and disease progression (37,38). For 
example, Ekici et al previously showed that CD44v6 expression inversely correlates with 
pathologic stage and disease progression and positively correlates with PSA-free survival 
(37). However in that study, CD44v6 was not an independent predictor of prognosis. 
Contrary to the findings of Ekici et al, Aaltomaa et al found that CD44v6 is an independent 
predictor of survival (38). In the present study, increased CD44v6 expression had 
reasonable sensitivity to predict prognosis at 72 month (68%) or 112 month (62.9%) follow- 
up. However, among all of the markers, it has the lowest specificity (56.1% at 72 month 
follow-up and 61.1% at 112-month follow-up) to predict biochemical recurrence. This low 
specificity may explain why CD44v6 staining is not significant in predicting biochemical 
recun-ence in both the univariate and multivariate analyses. A likely explanation of why 
different studies report conflicting results regarding CD44v6 staining and prognosis for PCa 
is that, PCa tissues have a high degree of heterogeneity with respect to CD44v6 staining. 
Aaltomaa et al reported variability in CD44v6 staining intensity and in the number of tumor 
cells that are positive for CD44v6. Similarly Ekici et al have also reported the heterogeneous 
nature of CD44v6 expression and developed a semi-quantitative method for scoring CD44v6 
staining (37). We used this scoring method in evaluating CD44v6 staining. Nonetheless, it is 
likely that the heterogeneous nature of CD44v6 will limit the prognostic significance of this 
marker. 

Detennination of IVIVD in PCa tissues, using anti-CD34 antibodies, has been shown 
to be sensitive and accurate to predict prognosis (46,47,52). Although problems exist in the 
methods of counting the vessels and in setting a universally accepted cut-off limit for IVIVD to 
predict recurrence, MVD has been shown to correlate with Gleason sum, pathologic stage 
and outcome (46-48). However, other studies have shown that MVD does not correlate with 
tumor grade, stage and clinical outcome (49-51). In our study, MVD at a cut-off limit of 41 
showed reasonably high sensitivity both at 72-months (76%) and 112-month (77.8%) follow- 
up. The specificity of MVD to predict biochemical recurrence increased from 61% at 72- 
month follow-up to 77.8% at 112-month follow-up, suggesting that in some false positive 
patients, high MVD may in fact be indicative of a biochemical recun-ence in < 112 months. 
Although in the univariate analysis MVD showed prognostic significance (Table 3), in the 
multivariate analysis, it had no additional prognostic significance. MVD did not reach 
independent prognostic significance even when HA alone, in the absence of HYAL-1 was 
included in the Cox model. It is possible that since HA, HYAL-1 and MVD are biologically 
related, all of the prognostic information provided by MVD inferences is contained in either 
HA or HYAL-1 staining inferences. 

In this study, HYAL-1 staining alone had high sensitivity both at 72 month (84%) and 
>112-month (85.2%) follow-up. In fact, it has either the same or slightly higher sensitivity to 
predict biochemical recurrence as the combined HA-HYAL-1 staining inference (84% at 72- 
month and 81.5% at 112-month follow-up). The specificity of HYAL-1 staining inference 
(80.5%) at 72-month follow-up was slightly lower than that of HA-HYAL-1 (87.8%). However, 
HYAL-1 and HA-HYAL-1 staining inferences had same specificity (94.4%) to predict 
biochemical recurrence at ^112 month follow-up. Therefore, HYAL-1 either has the same or 
slightly better PPV and NPV to predict biochemical recun-ence. Thus, contrary to our earlier 
report that combined HA-HYAL-1 has slightly better prognostic capability than HYAL-1 
staining alone at 64 months (12), our present study suggests that HYAL-1 alone is 
sufficiently accurate to predict biochemical recurrence ^72 months. 

In the multivariate analysis, among all of the pre- and post-operative parameters and 
histologic markers only pre-operative PSA and EPE had additional prognostic significance, if 
HYAL-1 (or HA-HYAL-1) was included in the analysis.   In an earlier study we found that 
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EPE, margin status and HYAL-1 (or HA-HYAL-1) were independent predictors of prognosis. 
Tiie difference between that study and this study is that in the earlier study we used 64 
month follow-up as a cut-off limit and performed Wald's fonward stepwise regression 
analysis, whereas, in this study we used the Cox Proportional hazard model and step-wise 
selection to calculate the hazard of biochemical recun-ence over the entire period of follow- 
up (i.e., up to 131 month). Interestingly, when pre-operative PSA is not included in the 
model, margin status reaches independent prognostic significance together with EPE and 
HYAL-1 (or HA-HYAL-1), suggesting that pre-operative PSA provides all of the prognostic 
information related to margin status plus some additional prognostic information. 
Nonetheless, HYAL-1 appears to be an independent prognostic indicator for predicting 
biochemical recurrence. 

As is the case for HA expression in tumor tissues, the prognostic significance of 
HYAL-1 expression may also vary based on the origin of cancer tissue. For example, in 
bladder cancer HYAL-1 expression correlates with tumor grade (21). It has also been shown 
that HAase levels are elevated in brain metastases of carcinomas when compared with 
primary glioblastomas (53). Furthemnore, brain metastasis-derived cell lines have 1000-fold 
more HAase than glioma-derived cell lines (53). HYAL-1 levels are also elevated in the 
saliva of patients with squamous cell carcinoma of head and neck (24). However, HYAL-1 
levels are not elevated in malignant ovarian tumors (54). Similarly, HYAL-1 expression 
suppresses tumor growth in a rat colon carcinoma model (55). However, HYAL-1 expression 
in PC-3 cells (a PCa cell line) increases their metastatic potential (56). Thus, HYAL-1 
expression is associated with PCa progression. 

The major dilemma for clinicians in the management of CaP is the identification of the 
site of disease recurrence, which ultimately guides therapy decisions. It is generally 
accepted that PSA recurrence of less than 1 to 2 years relates to a higher risk of developing 
metastatic disease (57,58). However, it is not understood whether existing pre- and post- 
operative parameters, as well as, histologic markers can distinguish between those patients 
who will recur in < 24 months and those who will not. In this study PSA sub-set analysis 
showed that except for margin status none of the markers (i.e., HA, HYAL-1, HA-HYAL-1, 
MVD and CD44v6) and pre- (i.e., age, clinical stage and pre-operative PSA) and post- 
operative (i.e., Gleason sum (overall or >7), EPE, seminal vesicle invasion) were able to 
distinguish between those patients who recurred in < 24 months and those who did not. It 
should be noted that in this cohort we had 25 patients who recurred in < 72 months, out of 
which 17 (68%) recun-ed within 24 months and 3 more recurred at 27 months (mean time to 
recur for the entire cohort was 21.3 months). Thus, the ability of various clinical and 
pathologic parameters, as well as, histologic markers to predict biochemical recun-ence 
within 24 months may need to be studied in a larger group of biochemically recurred 
patients. 

Nearly two thirds of PCa patients have preoperative PSA levels between 4 and 10 
ng/ml, have a stage TIC disease and a biopsy Gleason between 5 and 7 (2,10,11). For such 
patients, one or a combination of accurate prognostic indicators could improve the 
physicians' ability to identify those PCa that are aggressive and will progress, so that 
individualized treatments could be offered. In this study, although pre-operative PSA was an 
independent predictor for prognosis, neither the overall Gleason sum nor Gleason sum 
categorized as, <and ^7 was not an independent predictor for prognosis. Among the 4 
potential prognostic indicators for PCa that we compared, HYAL-1 appears to an accurate 
and independent predictor for prognosis. 
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Table 1: Pre- and postoperative i parameters of the study patients 
Preoperative parameters Postoperative parameters 

Progression Age (yrs) PSA (ng/ml) Clinical 
Stage 

Gleas 
on 
sum 

EPE Margin Seminal 
vesicle 
invasion 

Biochemical 
recurrence 
(n = 25) 

Median: 64 
Mean: 65.1 

Median: 9.0 
Mean: 14.04 

Tic: 10 
T2a:5 
T2b: 10 

6 = 2 
7 = 14 
8 = 6 
9 = 3 

(+) = 21 
(-) = 4 

(+)=18 
(-)=7 

(+) = 14 
(-)=11 

No 
biochemical 
or clinical 

Median: 65 
Mean: 62.98 

Median: 6 
Mean: 8.1 

Tic: 22 
T2a:5 
T2b: 14 

5 = 7 
6 = 9 
7 = 20 

(+) = 4 
(-) = 37 

(+)=9 
(-)=32 

(+) = 3 
(-) = 38 

recurrence 
(n = 41) 

8 = 5 

15 



B o 

0> 
a> 
u 
c 
2 
.2 
_c 

o> 
c 
*E 
■5 
(0 
(O 

I 
O o 

c 
n 

9> 

s u 
£ 

Q 
0 0 

T" E 
_l r < 0 
> 0 
I J3 

< en 
c 

0  fc 
C   0) 

T- .E 
_J o < °- 
I " 

- 03 

0) 
M 

o 
> 
si 
c n 
> 
D. 

c 
o 
E 

CM 
CL ^ 

U . 

T3 
C 
CO 

I   W —I 
o ^ < 
"  c >- 
« 01 

«P T- -o 

Sun 

^^$ 

*= £ X 
© c 

OT o;j 
.. E< 

© r>- « 

n jS ffi 
H £ I- 

iC S" in CO CM 
CM Tj- CM CM 
CM N. c:) CM 1^ 
CM T— CO CM ^ 
10 •<* t^ r>- CO 
.,— ■<t CD in N- 
00 O) 00 05 !>>. 

^ (f) ^^^ ^^^ ^..^ 
■^-^ r CD CD CM ■<t r^ 
'«- c 00 £i! inC! co!G 10 Ji! CMCi 

I 

i §S SS S5 feS g^ 

i (A ^^ , , ^^ 
r in CO T- in CD 

c CM 
o>^ O'^ 

CM o)£2 
0 
E ss §^ §S1 SS §^ 

^^ ^^^ 
U5 0 
CM Tj- 

c- ^- ^ CO CD CD 

c CM oo5 ^fS 00 C! CO 

1 0 
1 E s fe^ §s §& 0 

CD 

f/1 
r 1^ 00 in ■* ^ 

8 
E 

CMSi" Tt^C c^s: 00 £i! CM 

sS s£ 00 0, gS 00 C 

r <B <B CM CD <B 
^ ■E: (O^ <o^ coi2 co£^ coO 
T- 

0 
F 

^ CM Si 
^ 

^^ ^_^ 
LO T— 00 

X CM CD CM 
T— CD 0 X™ CO 
CM ro " in CM 

"^ ;% -* §CL CM in 
00 00 r^ 

(0 
t- 10 

^ s 0 P 
c CM 10 s: 00§ CO "§ 0 
E SS rd sS SS §S 

r p 00 in R 00 

0 
E 

foC" CD ^ 
^ 5 co£i) CD ^ 

gS 00 C 5S ^d 0^ 
00 c 

r S" s CM CT 
c c^C^ T^CJ 00 «> -4. c^ 10 ^ 

< 
i siS 101;^ 

CD ■C ?2s fcS 00 C 

X in 
CM 

■>* CD T— 00 CO 
CM T- £2 M-a CM £3 al CD 
CJ) 

■ CM 

ES CO ^ 
CD 0 

tB ^ S" 0 S" *- CM Tt /^i CD ■<t CM 

0 
E §s set i5:s iS rd 

^> £? >. 
> 0 0 

0 
CD 

3 
0 > > 

0 Q. 0 Q. 0. 
U) CO < Q. z 

t>- 00 in ■* T- 

CM CM CM 
c 
0 t^ ^ 

CM 
1^ T~ 

b •—• ■—' '— '  
CM Oi T— CM 00 ■* 

CM T— CM 0 CM 
■^ 

CO CO CD N. in 

^_^ ^^ ^.^ 
CD CM 0 

0 
E 
0 

CM CD m CO CM 
r^ CM 0 t^ CM 

?5 CO ?5 
,-^ •* ZZ- t^ r^ zz 
r^ 0 10 0 1^ CD O) 

CD in in in in 
CD > 

Q ^^^ ^.^ 
0 CD t^ 

in CO ^ 
■* 

CM 
■ti CM O) CO CO 05 

0 P^ CD r^ 
E n; 00 CO ZZ' ■* 

S 00 CM CD 0 0 
CD in in m N- 

^» CD m ^ 
M 

in ■<a- CD CO CO 
*i CM CO 00 N- CO 

K^ CM CO CM 
0 
E ^ ■t- CD CD CM 

CM 00 co rv. 00 ■"t 
r^ CD in in ■* r^ 

^^ ^^ 
in 0 
CM CM 

^ r^ 00 m V ■* 

11
2 

m
on

t 

on Si" 00 ^ oo5 CM 

P:& t^? ■<t 0 
t^ C 00 N. 

^_^ ^_^ ^_^ ^^ 
CO CD CM CO 
CM CM in CD CM 

c 
0 
F 

0 t^ r^ CM N- 
CM co 0 

CM, 
'«^*' ^—' ■*—-^ 

0 05 ■* T- ■* 

0 CO in T- O) CO -'-'^ r^ CO r^ CD t^ 2? 
Q 
> 
S CD T~ CO 00 

in CO CD CO CM 
*-» CM r>j ^ O) CM 

o5 CM ■* CM 
0 ^•mm^ 

E w T- CM CO CD 

■* CO ',— K s. 00 
CD 00 s. CD CD in N. > ^" s ^^^ ji"-^ ^•^ 
0 ^..^ CD in T— •*"*> CD CO CO n in S- ^ 
r 

0 

CM ^ Oi in 
CO Oi in 

CM S- 3 CM 

S 
0 

E ZZ- r^ CO CD 
CM CD CD CD ■<i- 0 

0 1^ t^ CD in 00 

ffl tfl 
CM 

« 1 0 > 0 ^ 
n F ■■f ±: JU 
a 2 0 

0 0 > I CO 0 Q. 0 a. 
a. CO CO < a. z 

^o 



Table 3: Univariate analysis of pre- and post-operative prognostic parameters and IHC 
staining inferences. *: Statistically significant. Cl: Confidence Interval. Cox proportional 
Hazard model and single parameter analysis was used to determine the prognostic 
significance of pre-operative (age, pre-operative PSA, and clinical stage) and post-operative 
(Gleason sum (overall) or Gleason sum categorized (>and <7), margin +/-, EPE +/-, 
seminal vesicle invasion +/-) parameters and HA, HYAL-1, HA-HYAL-1, MVD and CD44v6 
staining inferences. 
Parameter X^ p value Hazard ratio 95% Cl* 

Age 0.4332 0.5104 1.019 0.963-1.078 

PSA 11.648 0.0006* 1.048 1.02-1.077 

Gleason sum (overall) 14.19 0.0002* 2.5 1.552-4.024 

Gleason > 7 5.744 0.0165* 5.827 1.379-24.633 

Clinical stage 1.226 0.2683 1.262 0.836-1.905 

EPE 25.411 < 0.0001 12.781 4.746 - 34.42 

Surgical margin positivity 13.355 0.0003* 4.5 2.008-10.079 

Seminal vesicle invasion 22.268 < 0.0001 6.56 3.002-14.317 

HA 11.319 0.0008* 12.091 2.831-51.648 

HYAL-1 22.054 <0.0001* 13.192 4.5-38.716 

HA-HYAL-1 25.364 <0.0001* 10.749 4.266 - 27.087 

MVD 10.0314 0.0015* 4.36 1.753-10.845 

CD44v6 2.277 0.131 1.826 0.835 - 3.994 
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Table 4: Multivariate analysis of pre- and post-operative prognostic parameters and 
IHC staining inferences. Cox Proportional Hazard model and stepwise selection was used 
to detemiine which of the pre-operative (i.e., age, PSA and clinical stage) and post-operative 
(i.e., Gleason sum, Gleason sum categorized (^and <7), EPE, margin +/-, and seminal 
vesicle invasion) parameters and HA, HYAL-1, HA-HYAL-1, MVD and CD44v6 staining 
inferences have independent prognostic significance. The significant parameters (P > 0.05) 
selected by the mode! are shown. A: In the analysis, HA and HYAL-1 staining inferences 
were included separately in the model. B: Combined HA-HYAL-1 staining inference was 
included in the analysis. NA: Not applicable. *: Statistically significant. 

Table 4 A 

Parameters l' p value Hazard ratio 95% Cl* 

PSA 16.857 < 0.0001* 1.086 1.044    1.130 

EPE 9.939 0.0016* 6.222 1.997-19.384 

HYAL-1 11.094 0.0009* 8.196 2.377 - 26.259 

Table 4 B 

PSA 14.127 0.0002* 1.077 1.036-1.12 

EPE 10.998 0.0009* 6.906 2.204-21.640 

HA-HYAL-1 9.428 0.0021* 5.191 1.814-14.854 
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Table 5: PSA sub-group analysis. The ability of PSA and age to predict PSA recurrence 
witliin 24 montlis was detennined using tlie t test (since tliese were continuous variables). 
Mantei-Haenszel chi-square analysis was used to evaluate the ability of clinical stage, post- 
operative parameters and IHC staining markers to predict PSA recun-ence within 24 months. 

Parameter t value p value 

Age 0.66 0.513 

PSA 1.06 0.298 

Parameter %' p value 

Gleason sum (overall) 0.133 0.453 

Gleason > 7 0.15 0.699 

Clinical stage 1.903 0.168 

EPE 0.736 0.391 

Surgical margin positivity 4.894 0.0269* 

Seminal vesicle invasion 0.122 0.7265 

HA 0.15 0.699 

HYAL-1 0.280 0.596 

HA-HYAL-1 0.0437 0.834 

MVD 1.322 0.25 

CD44v6 1.102 0.294 
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Figure Legend: 
Figure 1: Localization of HA, HYAL-1, CD44v6 and IVIVD in PCa tissues: Histologic 
markers were localized in PCa tissues from a non-progressed patient (panels A, C, E, G) 
and a progressed patient (panels B, D, F, H). Panels A and B: HA was localized in PCa 
tissues using a biotinylated HA-binding protein. Panels C and D: HYAL-1 was localized in 
PCa tissues using an anti-HYAL-1 antibody. Panels E and F: CD44v6 was localized in PCa 
tissues using an anti-CD44v6 monoclonal antibody. Panels G and H: MVD was visualized 
using an anti-CD34 monoclonal antibody. The each panel represents 400X magnification. 

Figure 2: Kapian-IVIeier analysis. Kaplan-Meier analysis was perfonned after stratifying the 
data as HYAL-1 high (H)/Low (L), EPE +/- and PSA < or < 7 ng/ml. A: Kaplan-Meier analysis 
of data stratified as HYAL1 H/L and EPE +/-. B: Kaplan-Meier analysis of data stratified as 
HYAL-1 H/L and PSA > or < 7 ng/ml. 
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