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FOR HUMAN UROKINASE-TYPE PLASMINOGEN A C T I V A T O R  

AND ITS PROENZYME USING A COMBINATION 
OF MONOCLONAL AND POLYCLONAL ANTIBODIES 

Lars S. Nielsen", Jan Grmndahl -Hamen'', 

Pe te r  A.Andreasen'', Lars  Skriver", 

Jesper Zeuthen', and Keld Dan0' 

'Laboratory  o f  Tumor B io logy ,  I n s t i t u t e  o f  Pathqlogy,  
U n i v e r s i t y  of Copenhagen, F r e d e r i k  V ' s  Vej 11; F i n -  
sen Labora to ry ,  F insen I g s t i t u t e ,  St randboulevarden 
49, 2100 Copenhagen 0.; Monoclonal Ant ibody Labora to ry ,  
R ll D D i v i s i o n ,  Novo I n d u s t r i  A/S, Novo A l l e ,  2880 

Bagsvzrd, Denmark. 

ABSTRACT 

A s e n s i t i v e  and s p e c i f i c  enzyme-l inked immunosorbent assay 
(ELISA) f o r  human u rok inase - t ype  plasminogen a c t i v a t o r  (u-PA) and 
i t s  i n a c t i v e  proenzyme (pro-u-PA) was developed. A monoclonal a n t i -  
body was used as so l i d -phase  an t i body ,  w h i l e  r a b b i t  a n t i b o d i e s  a- 
g a i n s t  human U-PA f o l l o w e d  by perox idase-conjugated t h i r d  a n t i b o d y  
were used f o r  d e t e c t i o n  o f  bound U-PA. No r e a c t i o n  was observed 
w i t h  t i s s u e - t y p e  plasminogen a c t i v a t o r  o r  w i t h  a v a r i e t y  o f  o t h e r  
human p r o t e i n s .  The assay was used f o r  q u a n t i t a t i o n  o f  U-PA i n  hu- 
man u r i n e  and i n  c u l t u r e  f l u i d  f rom human tumor c e l l s .  The recove-  
r y  o f  added pro-u-PA was> 95%. A good agreement w i t h  t h e  r e s u l t s  
ob ta ined  by enzymatic assays was found. The d e t e c t i o n  l i m i t  was 
less t han  0.1 ng p e r  m l ,  b o t h  f o r  U-PA and pro-u-PA. The ad- 
vantages o f  t h e  use o f  ELISA compared w i t h  enzymat ic  assays and 
radioimmunoassays f o r  q u a n t i t a t i o n  o f  u-PA and pro-u-PA i n  b i o l o -  
g i c a l  samples a r e  d iscussed.  
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210 NIELSEN ET AL. 

INTRODUCTION 

Two main types of plasminogen activator have been found in 

mammals, differing in molecular weight, immunological reactivity, 

amino acid sequence and presumably in function. Urokinase-type 

plasminogen activator (U-PA) has an Mr of approximately 50,000 and 

is among other functions believed to be involved in tissue degra- 

dation in a variety of normal and pathological conditions, includ- 

ing cancer. Tissue-type plasminogen activator (t-PA) has an Mr of 

approximately 70,000 and is supposed to be a key enzymc i!? thrombo- 

lysis (for reviews, see 1 - 5 ) .  

Assays for quantitation of plasminogen activators in biologi- 

cal fluids should exhibit a high degree o f  sensitivity in order to 

measure the often very low concentrations present. Furthermore, 

such assays should be able to discriminate between the two types 

of activator. Most plasminogen activator assays measure enzyme ac- 

tivity. However, the interpretation of enzyme assays is complicated 

by the facts that many biological fluids contain inhibitors of plas- 

minogen activators and/or plasmin ( 4 ,  6-8) that may interfere with 

the assay, and that both types of plasminogen activator exist as 

proenzymes with little or no enzymatic activity (9-12) .  Immunologi- 

cal assays may therefore be useful alternatives or supplements. 

We previously reported the derivation of monoclonal antibo- 

dies against human U-PA ( 1 3 ) .  We now report the combined use of 

these monoclonal antibodies and rabbit polyclonal antibodies for 

a sensitive enzyme-linked immunosorbent assay (ELISA) for the ac- 

tivator and its proenzyme. 
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MATERIALS AND METHODS 

211 

Mater i a 1 s 

Peroxidase-conjugated swine anti-rabbit immunoglobulins were 

obtained from Dakopatts, Glostrup, Denmark; o-phenylenediamine, 

Tween-20, and hydrogen peroxide from Merck, Darmstadt, West Germany; 

urokinase from LEO, Ballerup, Denmark; bovine serum a1 bumin (BSA) 

from Behring, Marburg, West Germany; Immuno Plate I from NUNC, 

Roski de, Denmark. Bowes melanoma and HT-1080 fibrosarcoma cell 

lines were gifts from D.B. Rifkin and A. Vaheri, respectively. All 

other reagents were as described previously ( 1 1 ,  13, 14, 15) or of 

the best grade commercially available. 

Cell Cultures 

Hybridomas were grown as described ( 1 5 )  in Dulbecco-modified 

Eagle's medium supplemented with 10% fetal bovine serum. Serum-free 

cell culture fluid from human tumor cell lines was prepared as pre- 

viously reported (11, 15). 

Plasminogen Activator Preparations 

Human U-PA for immunization of rabbits (active enzyme contain- 

ing a mixture of M r w  52,000 and Mr% 36,000 forms) was purified 

from a commercial urokinase preparation, and pro-u-PA from the con- 

ditioned culture fluid from a human glioblastoma cell line as de- 

scribed (16). The purified preparations were pure as evaluated by 

sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS- 

-PAGE) followed by staining with Coomassie Blue (detection limit 
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212 NIELSEN ET AL. 

for contaminating proteins % 5%). Pro-u-PA was activated by plas- 

min as described (11). The activated form consisted solely of the 

two-chain 52,000-Mr form, as evaluated by SDS-PAGE under reducing 

conditions (11). t-PA was purified as described from conditioned 

culture fluid from the human Bowes melanoma cell line by immunosor- 

bent chromatography on a Sepharose column with monoclonal antibody 

against t-PA (16). Protein content of the plasminogen activator 

preparations was determined by the method of Lowry et al. ( 1 7 )  as 

modified by Bonsall and Hunt (18) with BSA as a standard. 

Anti bodies 

Five hybridomas producing different monoclonal antibodies di- 

rected against human u-PA were obtained from a previously reported 

fusion (13). Monoclonal antibodies were purified from hybridoma cul- 

ture fluid by chromatography on Protein A-Sepharose ( 19), modified 

as described (15). The antibody originally described (clone 1) does 

not bind the Mr+ 36,000 degradation product of u-PA (13), while 

the remaining four antibodies (clones 2-5) do (unpublished results). 

Rabbit antibodies against human U-PA were prepared by immu- 

nization with purified d i isopropy l f luorophosphate- inh ib i ted  U-PA. 

Seven ug of u-PA was used per injection, according to a previously 

reported scheme (14). Anti-sera were compared by ELISA using puri- 

fied u-PA attached to the solid phase. Serial dilutions of rabbit 

serum were used and bound rabbit antibody was detected by peroxi- 

dase-conjugated swine anti-rabbit immunoglobulins (see below). The 

one showing the highest titer was chosen for ELISA experiments. 
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ENZYME-LINKED IMMUNOSORBENT ASSAY 213 

The IgG fraction was isolated by chromatography on protein A-Se- 

pharose (19). Purified IgG reacted strongly with the murine mo- 

noclonal antibody used for immunosorbent purification of U-PA 

(see Results section). 

clonal anti-u-PA as follows: 6.6 mg of IgG in 2 ml o f  0.1 M 

TrisHC1, pH 8.1, was applied to a 0.75 ml column of Sepharose 

coupled with 1.5 mg of monoclonal anti-u-PA, clone 2. The run- 

-through was collected and the IgG-concentration determined from 

It was therefore absorbed against mono- 

the absorbancy at 280 nm using an extinction coefficient E280 1% nm = 

14.0 (20). 

ELISA 

Based on a number of optimization experiments in which the 

concentrations of reagents, washing procedures and incubation peri- 

ods were varied (see Results section), the following optimal stan- 

dard conditions were chosen and used for all experiments unless 

otherwise stated: 

Immuno Plates were coated overnight at 37OC with 2 pghl of mo- 

noclonal anti-u-PA IgG, clone 2, in 0.1 M Na2C03, pH 9.8, 200 111 per 

well, and used immediately or stored at 4OC for up to two weeks. 

The plates were then washed and incubated with 0.25% BSA in PBS 

(0.01 M sodium phosphate, pH 7.4, 0.15 M NaCl), 200 111 per well 

for at least 15 min at room temperature in order to block remain- 

ing protein binding sites. After washing, 100 111 of standard dilu- 

tions of a pro-u-PA standard preparation or samples to be tested 

was added to each well. The plates were incubated for 1 hour at 
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214 NIELSEN ET AL. 

37OC with gentle shaking, washed, and again while shaken incubated 

for 1 hour with rabbit anti-u-PA IgG (2 pg/ml, 100 p1 per well), 

washed, incubated for 1 hour while gently shaken with peroxidase- 

-conjugated swine anti-rabbit immunoglobulins (diluted 1 :800, 100 

p1 per well), and washed again. PBS with 0.1% Tween-20 (PBS-Tween) 

was used for all dilutions and washings. All the preceding washings 

between incubations were performed four times using a NUNC Immuno- 

wash 8 apparatus. After the last washing, the plate was emptied 

completely by shaking, and finally washed once with H20. The per- 

oxidase reaction was performed for 10 min at room temperature with 
0.1% o-phenylenediamine, 0.01% H202 in 0.1 M citrate-phosphate buf- 

fer, pH 5.0, 100 p1 per well. The reaction was stopped by adding 

100 p1 1M H2S04 per well, and absorbancy was measured at 492 nm 

using a Dynatech Microel isa Minireader. 

Electrophoresis and Imnunoblotting 

SDS-PAGE was performed in a stacking system of slab gels as 

described (21 ). Zymography for plasminogen activators and imnuno- 

blotting were performed as described (22-24). 

Enzyme Assay for Plasminogen Activator 

Plasminogen activators were assayed by the p25d-fibrin 

plate method as described (22) .  Each well contained 1 ug human Glu- 

-plasminogen and 8 ng of plasmin in a total volume of 0.55 ml. With 

this amount of plasmin added, all pro-u-PA present is  converted to 

the active form during the assay, allowing estimation of the sum 
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ENZYME-LINKED IMMUNOSORBENT ASSAY 215 

of the pro-u-PA and active U-PA content of the samples (11). Assays 

were linear up to approximately 0.2 ng/ml. 

RESULTS 

Absorption of Rabbit Antibodies 

With non-absorbed IgG from rabbits immunized with affinity- 

-purified U-PA, very high absorbance values (A492> 2) were obtained 

in the ELISA (performed as described in the Materials and Methods 

section), independent of the concentration of u-PA or pro-u-PA used. 

It was found that the non-absorbed rabbit IgG bound strongly to the 

solid-phase monoclonal antibody, while no binding was observed with 

IgG from non-immunized rabbits or when the solid phase antibody was 

replaced by BSA. SDS-PAGE followed by immunoblotting analysis o f  

the purified u-PA preparation with non-absorbed IgG from the immu- 

nized rabbits revealed a strong band with an Mr-,52,000 (indistin- 

guishable from that of u-PA) and a faint band with an Mr~150,000, 

comigrating with mouse IgG (results not shown). These findings sug- 

gested that the u-PA, which had been purified by immunosorbent 

chromatography using a mouse monoclonal antibody coupled to Sepha- 

rose, contained small amounts of monoclonal antibody leaking from 

the column during the elution of bound U-PA, and that the rabbit 

antibodies raised against this preparation contained antibodies 

against mouse IgG. The antibody preparation was therefore passed 

through a Sepharose column coupled with the monoclonal anti-u-PA 

antibody. Rabbit IgG absorbed by this procedure did not react with 
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216 NIELSEN ET AL. 

the solid-phase monoclonal antibody, and this absorbed preparation 

of rabbit anti-u-PA was used as second antibody for all this sub- 

sequent experiments. 

Following these preliminary experiments, each step of the 

ELISA was investigated separately in order to optimize the proce- 

dure, i.e. to achieve a low background, high sensitivity and line- 

arity between the absorbancy and the amount of U-PA added. 

Monoclonal Solid-Phase Antibody 

Five different monoclonal antibodies were compared as solid- 

-phase antibody (Figure 1 ) .  Clone 4 gave a high background, while 

clones 1, 2 ,  3 and 5 all proved to be useful. The monoclonal anti- 

bodies designated clones 2 and 5 resulted in highest assay sensiti- 

vity, and clone 2 was chosen because of slightly lower background 

values. Using increasing concentrations o f  this antibody for coating 

the solid phase it was found that both sensitivity and background 

values increased (results not shown). A coating concentration of 2 

vg/ml resulted in good sensitivity and low background (A49240.2)  

and was used in the following experiments. 

Concentration o f  Second and Third Antibody 

Various concentrations of the second antibody (rabbit anti- 

U-PA) were tested. Using increasing concentrations of this anti- 

body up to 2 pg/ml led to an increase both in sensitivity and back- 

ground values (Figure 2) .  Higher concentrations of the second anti- 

body did not increase the sensitivity, while the background increa- 
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ENZYME-LINKED IMMUNOSORBENT ASSAY 217 

FIGURE 1. Dose-response curves for ELISA of pro-u-PA with diffe- 
rent monoclonaI anti-u-PA antibodies as solid-phase antibody. As- 
says were performed under standard conditions except that the follow- 
ing monoclonal IgG antibodies were used: ( 0 )  anti-u-PA-clone 1; 
(x) anti-u-PA-clone 2;  (A) anti-u-PA-clone 3;  (n) anti-u-PA- 
clone 4; and ( 0  ) anti-u-PA-clone 5. Each point represents the ave- 
rage o f  two determinations. 

sed strongly. A concentration of rabbit anti-u-PA of 1 pg/ml was 

therefore chosen. 

Different concentrations o f  the third antibody: peroxidase- 

-conjugated swine anti-rabbit antibody were tested. Increasing con- 

centrations of this antibody resulted in increasing sensitivity as 

well as background values (results not shown). A 1:800 dilution of 

this antibody was found to be optimal and was selected for the 

standard assay. 
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218 NIELSEN ET A L .  

1 .o 2 .o 
pro-u-FA ng/rnl 

FIGURE 2. 
rent concentrations of second antibody. Standard conditions were 
used except that polyclonal rabbit anti-u-PA was used in the fol- 
lowing concentrations: (0) 0.08 pg/ml; ( 0  ) 0.4 pghl; (A) 2 
pg/rnl; (A 1 10 pg/ml; and (0) 50 pg/rnl. Each point represents 
the average of two determinations. 

Dose-response curves for ELISA of pro-u-PA with diffe- 

Time of Incubation with Antigen and Antibodies 

The incubation period for serial dilutions of pro-u-PA was 

varied between 15 min and 240 min (Figure 3 ) .  Increasing the incu- 

bation period to more than 1 hour caused the sensitivity of the as- 

say to increase only slightly. For convenience, a one-hour incuba- 

tion period was chosen for the standard assay. The effect of vary- 

ing the incubation period with second and third antibody was inve- 

stigated. Only a slight increase in sensitivity with prolonged in- 

cubation periods was seen (results not shown), and for convenience 

incubation periods of 1 hour were chosen for both these antibodies. 
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2.0 - 

hl 
8 1.0- 
a 

pro-u-PA ng/ml 

FIGURE 3 .  
incubation periods. Standard conditions were used, except that the 
incubation period with pro-u-PA was: (0) 15 min.; ( 0  ) 30 min.; 
(A) 60 min.; (A) 120 min.; and ( 0 )  240 min. Each point repre- 
sents the mean of 4 determinations. Background values in wells with- 
out pro-u-PA added (A < 0.2 in all cases) did not change signifi- 
cantly with the incubfl8on period. These values have been subtracted. 

Dose-response curves for ELISA of pro-u-PA with different 

Characteristics of the Standard ELISA 

Based on the results described above, the standard procedure 

described in Materials and Methods was adapted. A typical standard 

curve for pro-u-PA was as shown in Figure 4. Controls included: 

omission of the solid phase antibody bottom layer and substitution 

of rabbit anti-u-PA IgG with preimmune IgG. 

sorbancy readings above background (results not shown). 

found that A492-values were quite constant from assay to assay; the 

interassay standard deviation of Aag2-values for a pro-u-PA concen- 

None of these gave ab- 

It was 
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PA ng/ml 

FIGURE 4. 
(0) U-PA and (a) t-PA. Standard conditions were used. Additional 
control experiments with t-PA (up to 1 pg/ml), human plasminogen 
(up to 100 pg/ml), and human serum albumin (up to 1000 Vg/ml) did 
not show any increase in A (results not shown). Each point re- 
presents the average of tw8’8eterminations. Background values in 
wells without plasminogen activator added 0.2 in all cases) 

Dose-response curves for ELISA of purified ( 0  ) pro-u-PA, 

btracted. have been s 

tration of 

1 i near with 

ly 1 ng/ml. 

ng/ml in 12 assays was < 14% of the mean. A492 was 
concentrations of pro-u-PA and u-PA up to approximate- 

The detection limit of the assay was less than 0.1 nghl 

of pro-u-PA. t-PA, plasminogen and serum albumin did not increase 

A492 above background (Figure 4). 

Purified standards of pro-u-PA and active U-PA prepared in 

parallel were tested in the ELISA. The results were almost iden- 

tical for the same dilutions, indicating that the two molecular 

forms react identically in the assay (Figure 4). 
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TABLE 1 

Comparison of 1251 -fibrin Plate Assay and ELISA for U-PA 
A urine sample and a sample of HT-1080 cell culture fluid were 
assayed enzymatically by the radiolabelled fibrin plate assay 
for plasminogen activator and by ELISA. The same purified pro- 
U-PA preparation was+used as a standard in all assays. Each num- 
ber represents mean - standard deviation of 5 determinations per- 
formed in separate assays. Using Student's t-test, neither urine 
nor HT-1080 cell culture fluid showed any significant difference 
between the values obtained by the two methods (P> 0.20 in both 
cases). 

SamD 1 e 
U-PA concentration ng/ml -r SD 

EL I SA 1251 -fibrin plate 
assay 

Urine 

HT-1080 cell 
culture fluid 

296 2 77 330 46 

230 t 29 216 t 21 

The assay was used for quantitation of U-PA in human urine 

and cell culture fluid from cultured human fibrosarcoma cells of 

the line HT-1080. When samples of urine and cell culture fluid 

were assayed 5 times each the interassay standard deviations for 

the calculated concentrations of both samples were < 12% of the 

mean (Table 1). As evaluated by zymography (22), both urine and 

culture fluid from HT-1080 cells contained U-PA, but no t-PA or 

other plasminogen activator activity (results not shown). This made 

possible a comparison of the enzymatic ['251] -fibrin plate assay 

(22) and ELISA. The results of this comparison gave similar values 
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NIELSEN ET AL. 2 2 2  

and also similar coefficients of variation with the two types of 

assay (Table 1). 

tions of urine and cell culture fluid and absorbancy. Addition of 

pro-u-PA and U-PA to urine and conditioned culture fluid from the 

HT-1080 cells resulted in a complete recovery in the ELISA (consi- 

stently> 95%, results not shown). Culture fluids from Bowes mela- 

noma cells (130 pg proteinhl) which, as judged by zymography, con- 

tained t-PA but no u-PA, did not increase the absorbancy values 

above background. 

A linear relationship was found between concentra- 

DISCUSSION 

The present results demonstrate that the sandwich ELISA de- 

scribed meets the basic requirements for quantitating the total 

amount of pro-u-PA and U-PA in the biological samples tested: 

the sensitivity was sufficient (detection limit less than 0.1 ng/ml) 

to measure the concentrations of the activator in the samples; 

2 )  it measured pro-u-PA and U-PA equally well; 3) internal 

standards of pro-u-PA and u-PA could be recovered; 

stinguishes between U-PA and t-PA. 

was further supported by the findings that no reaction was seen 

with any other of the human proteins tested, including the variety 

of proteins present in conditioned culture fluid from Bowes mela- 

noma cells (see ref. 1 5 ) .  

1) 

4 )  it di- 

The specificity of the assay 

It is noteworthy that a prerequisite for the use of the poly- 

clonal rabbit anti-u-PA IgG in the ELISA was found to be an absorp- 
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tion of these antibodies with the murine monoclonal anti-u-PA IgG, 

because the U-PA preparation used for immunization had contained 

small amounts of the monoclonal antibody which was used for its 

purification. This might well be a general problem in the use of 

monoclonal antibody-based immunosorbents for purification of anti- 

gens for immunization. The severe elution conditions used with 

antibody columns (low pH or high concentrations o f  a chaotropic 

agent) cause leakage of minute amounts of the coupled antibody 

(unpublished results), probably because a small amount of agarose 

material is dissolved (see also ref. 25). This amount of monoclo- 

nal antibody in the eluate will normally go undetected by the con- 

ventional staining methods for SDS-polyacrylamide gels, but the 

content may be high enough to elicit an antibody response when 

subsequently injected into rabbits. 

A variety of enzymatic assays for plasminogen activators 

have been described. Some of these assays use plasminogen as a 

substrate and measure the enzyme activity of the plasmin formed, 

or utilize the fact that plasmin migrates differently from plasmi- 

nogen in SDS-PAGE to measure the amount of plasmin formed, e.g. by 

the use of radiolabelled plasminogen. Other enzymatic assays for 

plasminogen activators use low molecular weight substrates (for 

reviews, see refs. 1 and 5). Common to these enzymatic assays is 

that they do not measure the inactive form of U-PA unless it is 

converted to its active form, e.g. by plasmin. This conversion 

can be inhibited by small amounts of plasmin inhibitors (9, 1 1 ,  

12) that may be present in biological samples. The present ELISA 
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224 N I E L S E N  ET A L .  

circumvents this complication because it measures pro-u-PA and 

U-PA equally well. Immunological detection methods also circum- 

vent the interference of plasmin inhibitors that may complicate 

detection of active U-PA by the enzymatic methods that measure the 

enzymatic activity of plasmin formed. Enzymatic assays of U-PA 

will also be complicated by the presence of U-PA inhibitors. This 

may or may not be the case for immunological assays, depending on 

whether the antibodies used are directed against epitopes that are 

covered or modified in the inhibitor/u-PA complex. Internal stan- 

dards of pro-u-PA and U-PA should therefore always be used in the 

immunological assay to evaluate this possibility, and modifications 

may be necessary to obtain sufficient recoveries. By testing diffe- 

rent monoclonal anti-u-PA antibodies known to bind to different epi- 

topes as well as different preparations of polyclonal antibodies, 

it is likely that ccnditions may be found in which complexes between 

U-PA and inhibitors or other molecules are detected equally well as 

free u-PA. 

The sensitivity of the present ELISA for u-PA is similar to 

that of the most commonly used enzymatic assays for U-PA, i.e. the 

fibrin plate assay (26) and the [1251]-fibrin plate assay (27, see 

ref. 5 for further discussion). 

Several radioimmunoassays (RIAs) for human u-PA have been de- 

scribed using polyclonal rabbit antibodies against the enzyme (28- 

31). Most of these assays have a detection limit between 3-10 

nghl (28-301, while one had a detection limit o f  approximately 

0.01 nghl (31). Besides being faster and more easy to perform, 
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the present ELISA offers the advantage compared to these RIAs 

that the possible interference of cross-reacting antigens can be 

readily control led by the para1 lel use of monoclonal anti bodies 

directed against different epitopes of the U-PA molecule. An ELISA 

for human u-PA using two different monoclonal antibodies has been 

reported ( 3 2 ) .  This ELISA has a detection limit of 2-5 ng/ml and 

requires an incubation period of 16 hours. The reactivity of pro- 

U-PA and U-PA has not been compared in any of the previous re- 

ports on immunoassays. 
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