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Abstract-The drfzned, purified ovarzan cancer-associated antzgen, NB ‘70K, was 

used as tumor antzgen in the humoral leukocyte adherence inhibition (H-LAI) 

assay. Bell-shaped dose-response relationships were obtained with increasing 

concentrations of NBI 70K and constant serum concentration from ovarian cancer 

patlrnts. The tontentratzons of NB!‘IOK used in thisstudy were 100-250 times less 

than what had been used in previous H-LA1 studies with crude antigen extracts. 

The response rate of ovarian cancer patients was greatly influenced by the stage of 

tile dl.sease. Thus 75% (6/8) of the patients with disease restricted to the pelvis 

(stages I and II) reacted while only 20% (5/24) of the patients with more aduanced 

stages (stages III and IV) gave response. Of patients with other gynecological 

cancers, 17% (1 ‘6)wereposztzveandonly 8%(l) lS)ofpatzentsu~ithothermalignant 

diseases reacted. One of the 11 controls (9%) was found to give positi7je response. 

The rmportance of the present inuestzgation was the findzng that a defined, 

purified. canc,rr-a.ssociated antzgen elicited reactzvzty in the H-LA1 assay and that a 

llzgh .ten.sitiz~ity for detection of early stages of ovarzan cancer wasobtalned wzth thus 

antigen. The results suggest that TAAs involved in immune recognitiorz of cancer 

UIP~ DP rdentlfied by the H-LAI assay. 

INTRODUCTION 

AN ANTITUMOR immunity test has recently been 
developed in our laboratory [ 1, 21. The experi- 
mental procedure of this test has some similarity 
to that of the leukocyte adherence inhibition assay 
[3-51. However, in contrast to the original 
lrukocyte adherence inhibition assay, which 
appears to give an expression of cellular 
immunity [3,4], the new test is based on the use of 
serum from the patients under study and gives a 
measure of humoral antitumor immunity. 
Promising results have so far been obtained with 
the humoral leukocyte adherence inhibition (H- 
LAI) test in patients with breast and lung cancer 

[l, 21. Of particular interest is the finding that sera 
from persons who later have developed lung 
cancer produced a response against lung cancer 
antigen several years prior to diagnosis [6]. The 
results obtained suggest that the test may be useful 
in early detection of cancer. 

In previous studies with the H-LA1 assay, crude 
antigen extracts from lung and breast cancer cell 
lines were used as antigen. Although the 
sensitivity with these antigens was high, some 
cross-reactions were found [ 1, 71. It was therefore 
of interest to investigate the use of a purified 
tumor-associated antigen (TAA) in the test. 

TAAs of human ovarian cancer have been 
purified by several laboratories. Knauf and 
Urbach [8] have reported a method for the 
purification of a 70,000 dalton glycoprotein 
(NB/70K) from ovarian cancer tissue. Significant 
levels of serum NB/70K have been detected in 
patients with advanced disease, as measured by 
radioimmunoassays using both polyclonal [9] 
and monoclonal [Knauf et al., in preparation] 
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anti-NB/70K antibodies. In these studiesNB/70K 
has been demonstrated to have specificity for 
malignant ovarian tumors. In the present 
communication the H-LA1 test has been used to 
study ovarian cancer with the NB/70K antigen. 

MATERIALS AND METHODS 

Patients 
Blood samples were obtained from patients 

admitted to the Norwegian Radium Hospital. 
The blood samples were drawn the day after 
admission. The samples were coded before being 
analyzed. The medical record was examined and 
the patient’s tumor status, histology and treat- 
ment were recorded. Blood from controls was 
obtained from employees of the hospital and from 
Rode Kors Blodsenter, Oslo. 

Cancer antigen 
NB/70K was extracted from ovarian cancel 

tissue with perchloric acid. The extract was 
subjected to further purification with affinity and 
immunosorbent columns followed by gel filtra- 
tion and acrylamide gel electrophoresis as 
previously described [8, lo]. 

H-LAI technique 
The H-LA1 assay has been described in detail 

previously [l, 21. Briefly, serum (0.5 ~1) from the 
person under study was mixed with NB/70K (25 
and 50 ng protein) and indicator leukocytes (lo6 
cells) were added. All substances were dissolved in 
Eagle’s minimum essential medium. The total 
volume was 200 ~1. Trypsinized leukocytes from 
control persons were used as indicator cells. After 
incubation for 30 min at 37’C a small sample was 
transferred to a hemocytometer and incubated for 
60 min at 37°C. The cells were then counted, the 
cover glass removed, the surface washed and the 
same areas recounted. The LA1 index was 
calculated from the formula: 

A-A, - x 100, 
A, 

where A, and A, represent the percentage of 
adherent cells in the absence and presence of 
antigen respectively. An index above 10 is 
considered a positive response. 

The results obtained with sera from patients 
with ovarian cancer as well as with sera from 
patients with other types of cancer and control 
persons are shown in Table 1. For most patients 
with ovarian cancer the response increased with 
the NB/70K concentration. However, sera from 
some patients did give a higher response with 
25 ng than with 50 ng NB/70K. The fact that in 
some cases the response was higher at the lower 
antigen concentration reflects that the concentra- 
tion for maximum response may differ and that in 
certain cases the maximum is passed at the higher 
antigen concentration (e.g. patient 17; Fig. 1). RESULTS 

The effect of the concentration of the ovarian Using an H-LA1 index above 10 as indicztive of 
cancer-associated antigen, NB/‘IOK, on the H-LA1 a response, 11 of the 32 patients (34%) with ovarian 
index has been determined for two patients with cancer responded. The response rate was greatly 
cancer of the ovary, for one control and for one influenced by the stage of the disease (Fig. 2). 
patient with cancer of the lung (Fig. 1). Bell- Thus 75% (6/8) of the patients with disease 
shaped dose-response curves were obtained with restricted to the pelvis (stages I and II) reacted 
serum from patients with cancer of the ovary. while only 20% (5/24) of the patients with more 
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Fig. 1. Effect of antigen concentration on the H-LA1 
response with serum from patients with cancer of the ouary 
and a control (A), as well as with Serum from a patient with 

cancer of the lung (B). 

With serum from patient 17 a maximum LAI- 
index was obtained with 37.5 ng NB/70K, while 
with serum from patient 7 the maximum LA1 
response occurred at a antigen concentration 
between 50 and 250 ng. No response was obtained 
with serum from the control or from the patient 
with cancer of the lung. On the basisof the results 
it was decided to use concentrations of 25 and 
50 ng NB/70K in the test. These concentrations 
are loo-250 times less than that previously used in 
the H-LA1 assay with crude antigen extracts. 
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Fig. 2. Response rate in the H-LA1 reaction using NBl70K 
and Serum from patients with cancer of the ovary, as well as 

patients with other cancers and controls. 

Table 1. H-LA1 response against the ovarian cancer 
antigen NBIIOK 

Patients 
Stage of NB/70K 
disease 25 ng 50 ng Response 

O\wian c-anwr 
I I 
2 I 

3 II 
1 II 
i II 
6 II 
7 II 
A II 

9 III 
IO III 
II III 
12 III 
13 III 
II III 
I .5 III 
16 III 
I7 III 
I8 III 
19 III 
“0 III 
“1 III 
“2 III 
‘3 III 

2 1 IV 
25 IV 
26 I\’ 
27 11’ 
28 I\’ 
“9 IV 
3 0 IT’ 
‘$1 11’ 
.j“ .L 11’ 

3 
20 

2 
1 

2 25 
24 20 
12 21 
6 25 

16 22 
-2 -2 

-1 0 
11 6 
9 8 

13 9 
2 2 
0 -1 
7 1 
0 0 

12 12 
-11 6 

27 3 
8 6 

-4 7 
31 21 

0 -2 

-6 -8 
5 -2 

-16 6 
-1 6 
-8 -7 
10 5 
0 -4 

-12 .5 
5 2 

+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 

Table 1. (contd.) 

Patients 
Stage of NB TOK 
disease 25 ng 50 ng Rr\pon\r 

Other gynecological cancrrs 
33 fallopian ruht 
34 endometrial, stage I 
35 cndometrial, stage I 
36 endomctrial, stage I\’ 
37 cervical 
38 pelvir 

Other cancers 
39 brcasr 
40 >, 
41 
42 /, 
43 $1 
44 ,, 
45 ,, 
46 lung 

47 ,, 
48 ,, 
49 ,, 
50 colon 
51 malignant lymphoma 

Controls 

52 
53 
54 
5.5 
56 
57 
58 
59 
60 
61 
62 

31 I 0 

30 s I 
-1 5 

2 7 
- .$ 2 

- I3 - 19 

10 7 
2 ‘) 

-3 9 
7 ,i 
7 r, 
2 0 

14 II 
-3 I 
13 I 
-8 10 

2 6 
-3 7 

I -9 

0 -I 
-4 - .i 
-3 - 3 
I I 

I,4 -I 
2 i 

_-” 0 
2 I 
i 5 
I -1 

- i 0 

advanced stages (stages III and IV) did. Of patients 
with other gynecological cancers 17% (l/6) were 
positive, and only 8% (l/13) of patients with othei 
malignant diseases reacted. One of the 11 controls 
(9%) was found to give a positive response. The 
present results thus show a high response rate in 
the early stages of ovarian cancer, while for more 
advanced stages and for other types of cancer the 
response rate was low. 

DISCUSSION 

Symptoms of ovarian cancer are unspecific and 
early diagnosis is difficult [ll]. Therefore the 
stage distribution of patients with this disease is 
extremely unfavorable, as Z/3 of them have 
advanced disease at the time of diagnosis. Serum 
antigens associated with ovarian cancer have been 
shown to be present in increased concentrations 
in more advanced stages of the disease [lo]. 
Significant serum levels of NB/70K were not 
found in the early stages and the measurement of 
NB/‘IOK did not seem to be of particular value in 
detection of early stage ovarian cancer [S-lo]. 
Therefore it was of interest that the response rate 
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against NB/70K in the H-LA1 assay was high 
among patients with stage I or II disease. 

With purified NB/70K as antigen in the H-LA1 
test, bell-shaped dose-response relations were 
obtained with serum from ovarian cancer 
patients. This is in contrast to what we have 
observed with crude antigen extracts [l, 21. Crude 
antigen extracts in high concentrations resulted 
in an increasing influence of unspecific and cross- 
reacting antigenic reactions and the response 
increased continuously with the antigen con- 
centration. Possibly, histocompatibility antigens 
may also affect the reactions. With the purified 
antigen, loo-250 times less protein relative to that 
in the crude extract was needed for a positive 
reaction. Moreover, the use of the purified antigen 
resulted in more specific reactions with the same 
high sensitivity. 

In the H-LA1 measurements on sera from 
patients with ovarian cancer, it was found that the 
response rate decreased in the more advanced 
cases. This is in agreement with earlier studies 
using the original LA1 assay in breast cancer [ 121 
but is different from studies of lung cancer 

patients, where it was found that the response rate 
was about 90% regardless of the stage of disease 
[131. 

The mechanism causing the decreased response 
rate in more advanced stages of ovarian and breast 
cancer is not known. One possibility could be 
the dominance of less immunogenic tumor cell 
phenotypes in advanced disease. However, at least 
in the case of ovarian cancer this seems unlikely 
since the level of NB/70K in serum increases in 
more advanced cases [lo]. A more likely 
possibility is that the increased concentration of 
NB/70K could bring about blocking of the H-LA1 
serum factor. 

The results of this investigation show the 
presence of a serum factor with affinity for the 
NB/70K antigen in women with ovarian cancer. 
The importance of this finding is that a defined 
purified human tumor associated antigen is active 
in this type of in vitro assay of humoral 

immunity. The results presented here therefore 
suggest that TAAs, important in immune 
recognition of cancer, can be identified by the H- 
LA1 assay. 
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