




JH de Witte1, CGJ Sweep1, JGM Klijn2, N Grebenschikov1, HA Peters2, MP Look2, ThH van Tienoven1, JJTM Heuvel1,
WLJ van Putten3, ThJ Benraad1 and JA Foekens2

1Department of Chemical Endocrinology, University Hospital Nijmegen, Geert Grooteplein 8, PO Box 9101, 6500 HB Nijmegen, The Netherlands; 2Division of
Endocrine Oncology (Department of Medical Oncology); 3Department of Statistics, Rotterdam Cancer Institute (Dr Daniel den Hoed Kliniek)/Academic Hospital
Rotterdam, PO Box 5201, 3008 AE Rotterdam, The Netherlands

Summary To evaluate the clinical relevance of urokinase-type plasminogen activator (uPA) and its type-1 inhibitor (PAI-1) measured by a
recently developed enzyme-linked immunosorbent assay (ELISA), we analysed both components in samples derived from 892 patients with
primary breast cancer (median follow-up 99 months). The assays were performed in cytosolic extracts as well as in corresponding detergent
extracts of pellets obtained after ultracentrifugation, which was carried out when preparing the cytosolic fractions for routine steroid hormone
receptor determination. Statistically significant correlations were found between the cytosolic levels and those determined in the pellet
extracts (Spearman correlation coefficient rs = 0.60, P < 0.0001 for uPA and rs = 0.65, P < 0.0001 for PAI-1). Furthermore, strong correlations
were found between the levels of both uPA (rs = 0.85, P < 0.0001) and PAI-1 (rs = 0.90, P < 0.0001) in the cytosols and their levels previously
measured with ELISAs based on commercial reagents. In both Cox univariate and multivariate analysis, high cytosolic levels of uPA or PAI-1
were significantly associated with increased rates of relapse and death. The levels of uPA and PAI-1 in the pellet extracts also provided
prognostic information, although to a lesser extent compared with the cytosolic extracts. The prediction of prognosis on the basis of uPA and
PAI-1 assessed by an alternative ELISA once again emphasizes the established prognostic role and usefulness of these parameters in
selection of breast cancer patients at high or low risk of recurrence.
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Patients and tumour characteristics
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Table 1 Relationships between uPA and PAI-1 levels in 892 cytosols and pellet e

Number of Percentage o

Characteristics
patientsa

uPAcyt.
c uPA

All patients 892 50 5

Age at surgery (years)
≤40 122 53 5
41–55 308 49 4
56–70 295 53 5
> 70 167 46 4
P-valued 0.12

Menopausal status
Premenopausal 368 51 4
Post-menopausal 524 50 5
P-valuee 0.32

Tumour size
T1 (≤ 2 cm) 407 48 5
T2 (> 2–5 cm) 399 52 4
T3/4 (> 5 cm) 86 51 4
P-valuef 0.32 <

Nodal status
N0 446 48 5
N1–3 216 53 5
N>3 221 52 4
P-valuef 0.44

Grade
Well/moderate 152 51 5
Poor 510 51 5
P-valuee 0.60

ER positiveg

No 209 65 5
Yes 682 46 4
P-valued 0.001

PgR positiveg

No 249 61 5
Yes 628 46 4
P-valued 0.08

aOwing to missing values the numbers do not always add up to 892. bThe median 
PAI-1cyt. and 5.29 for PAI-1pel.

cuPAcyt., uPApel., PAI-1cyt. and PAI-1pel. denote uPA and
extracts (pel.) respectively. dP-value for Spearman rank correlation. eP-value for W
Kruskal–Wallis test, including a Wilcoxon-type test for trend. gCut-off point used fo
        
      
            
         

           
           
      


    
        

       
 
        

    

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xtracts with patient and tumour characteristics

f tumours above the median valueb

pel.
c PAI-1cyt.

c PAI-1pel.
c

0 50 50

0 55 52
7 46 43
5 51 58
7 53 48
0.97 0.32 0.24

7 47 44
3 52 54
0.51 0.07 0.005

7 46 48
5 52 52
2 57 46
0.001 0.03 0.74

2 47 51
3 52 50
4 55 48
0.05 0.30 0.55

0 41 46
1 54 53
0.83 0.006 0.04

7 64 57
8 46 48
0.003 0.08 <0.001

5 63 61
8 45 45
0.33 <0.001 <0.001

values in ng mg–1 protein were 0.73 for uPAcyt., 7.26 for uPApel., 1.62 for
 PAI-1 levels determined with the in-house assays in cytosol (cyt.) and pellet
ilcoxon rank sum test (for grade: well and moderate combined). fP-value for
r ER and PgR, 10 fmol mg–1 protein.
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        






Tumour tissue extraction


        
       



       
      
    
  
  g °
  g       
         

          
 °
   g 
°

Steroid hormone receptor assays

          


  

ELISAs for uPA and PAI-1


    

          
     

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Table 2 Levels of uPA and PAI-1 in cytosols and pellet extracts

Sample First quartile Median

Cytosols
uPAAD 0.20 0.60
PAI-1AD 8.97 15.43

uPAin-house assay 0.38 0.73
PAI-1in-house assay 1.06 1.62

Pellet extracts
uPAin-house assay 4.14 7.26
PAI-1in-house assay 3.29 5.29

The antigen levels of uPA and PAI-1 were determined in cytosols and pel
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Protein determinations
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Statistical analysis
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Third quartile Range Mean ± s.d.

1.25 0.00–7.73 0.91 ± 0.98
25.48 0.02–479.38 22.23 ± 29.79

1.24 0.02–12.66 0.95 ± 0.95
2.62 0.14–48.62 2.43 ± 3.37

12.53 0.00–315.40 11.3–21.83
8.64 0.26–300.60 9.3 ± 18.11

let extracts with the ELISAs using commercial reagents (uPAAD and

use assay). The antigen levels are expressed as ng mg–1 total protein.
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uPA and PAI-1 antigen determinations in cytosols and
pellet extracts
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Figure 1 Comparison of results obtained with different ELISAs for uPA and PAI-1
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Table 3 Cox univariate and multivariate analysis of relapse-free and overall survival

Factor Relapse-free survival Overall survival

Univariate Multivariate Relative Univariate Multivariate Relative
P-value P-value relapse ratea P-value P-value death ratea

Age and menopausal status <0.001b <0.001b <0.001b <0.001b

Age/premenopausalc 0.63 (0.49–0.81) 0.83 (0.59–1.17)
Age/postmenopausalc 1.01 (0.86–1.18) 1.38 (1.17–1.63)
Post- vs. premenopausald 1.40 (0.90–2.17) 1.18 (0.68–2.06)

Tumour size <0.001 0.06 <0.001 0.002
2–5 cm vs. ≤ 2 cm 1.21 (0.95–1.54) 1.24 (0.93–1.64)
> 5 cm vs. ≤ 2 cm 1.56 (1.07–2.27) 2.02 (1.38–2.98)

Nodal status <0.001 <0.001 <0.001 <0.001
N1–3 vs. N0 1.53 (1.11–2.10) 2.11 (1.49–2.98)
N>3 vs. N0 2.99 (2.22–4.03) 3.59 (2.58–4.99)

Adjuvant therapy (yes vs. no) 0.06e 0.01 0.68 (0.50–0.92) <0.001e 0.02 0.68 (0.49–0.95)

ER/PgRf 0.001 0.05 <0.001 <0.001
Pos/neg vs. neg/neg 0.64 (0.42–0.95) 0.54 (0.35–0.82)
Neg/pos vs. neg/neg 0.77 (0.49–1.22) 0.52 (0.31–0.87)
Pos/pos vs. neg/neg 0.70 (0.53–0.91) 0.45 (0.33–0.59)

aRelative hazard rate (95% confidence interval) of multivariate analysis. bAge and menopausal status combined. cAge in decades tested separately for pre- and
post-menopausal patients. dPost-menopausal compared with premenopausal. eIn node-positive patients. fCut-off points used for ER and PgR, 10 fmol mg–1
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Figure 2 Actuarial relapse-free and overall survival curves for all 892 breast cancer patients stratified by the levels of uPA (A) and (C) and PAI-1 (B) and (D)
determined in cytosolic extracts of tumour tissue. Patients were divided into groups according to the quartiles (Q1–Q4) of the respective levels, as listed in Table
2. Shown are the P-values from the log-rank test for trend. RHR (95% CI), relative hazard rate (95% confidence interval) calculated by Cox multivariate
regression analysis. In parentheses, the number of failures/total number of patients in each group
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Table 4 Cox multivariate analysis of relapse-free and overa

Factor Relapse-free survival

Relative relapse ratea P-valu

Cytosolsc

uPAin-house assay 0.02
Q2 vs. Q1 1.22 (0.89–1.67)
Q3 vs. Q1 1.32 (0.97–1.79)
Q4 vs. Q1 1.61 (1.19–2.18)

PAI-1in-house assay <0.00
Q2 vs. Q1 1.21 (0.88–1.67)
Q3 vs. Q1 1.47 (1.08–1.98)
Q4 vs. Q1 1.88 (1.39–2.53)

uPAAD 0.00
Q2 vs. Q1 1.52 (1.12–2.07)
Q3 vs. Q1 1.23 (0.90–1.68)
Q4 vs. Q1 1.73 (1.27–2.34)

PAI-1AD <0.00
Q2 vs. Q1 1.14 (0.83–1.57)
Q3 vs. Q1 1.56 (1.14–2.11)
Q4 vs. Q1 1.84 (1.36–2.49)

Pellet extractsc

uPAin-house assay 0.06
Q2 vs. Q1 1.03 (0.77–1.39)
Q3 vs. Q1 1.05 (0.77–1.42)
Q4 vs. Q1 1.43 (1.07–1.91)

PAI-1in-house assay 0.00
Q2 vs. Q1 1.10 (0.80–1.51)
Q3 vs. Q1 1.44 (1.06–1.95)
Q4 vs. Q1 1.67 (1.24–2.27)

aRelative hazard rate (95% confidence interval) of multivariat
3, including age/menopausal status, tumour size, nodal statu
added separately to the basic model. bP-values for the assoc
quarter; Q2, second quarter; Q3, third quarter; Q4, fourth quar
the in-house assays (uPAin-house assay and PAI-1in-house assay) and t
in Table 2.
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