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(71) We, F. HOFFMANN-LA ROCHE 
& CO. AKTIENGESELLSCHAFT, a 
Swiss Company of 124-184, Grenzacher-
strasse, Basle, Switzerland, do hereby de-

5 clare the invention, for which we pray that a 
patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the follow-
ing statement:-

10 This invention relates to novel antigens 
associated with breast carcinoma, anti-sera 
specific to said antigens, radio-labeled forms 
of said antigens and methods of detecting 
said antigens in serum or plasma. The 

15 invention also relates to a diagnostic kit 
containing standardised antigens or antisera 
or marked forms thereof for the detection of 
said antigens in human blood, serum or 
plasma. 

20 In 1965 a tumor associated antigen was 
found (J. Expti. Med. 121 439-462, 1965) 
which was subsequently designated as carci-
nomembryonic antigen (hereinafter CEA). 
CEA circulates and may be detected in 

25 human blood - serum or plasma - by a 
radioimmunoassay. However it does not 
appear to be associated with breast cancer. 

We have now succeeded in locating, 
isolating and purifying a series of antigens 

30 which are associated with breast cancer 
tumors. These were initially designated 
"MK" and "fractionated MK" but we have 
now designated them BCA - Breast Cancer 
Antigens. "MK" and "fractionated MK" 

35 may be regarded as crude and pure forms of 
BCA respectively. 

BCA is extractable from human breast 
carcinomas by a process which comprises 
extracting homogenised breast carcinoma 

40 material with a glycoprotein solvent, centri-
fuging, dialyzing the resulting supernate, 
lyophilizing, gel-filtering and isolating the 
fractions containing BCA. 

The isolation and purification of breast 
45 cancer antigens - BCA may be carried out 

by any convenient method. Such methods 
normally involve homogenisation of the 
relevant tissue, extraction with a glycopro-
tein solvent and finally chromatography on 
one or more columns. Initially crude BCA 50 
may be isolated and purified on the basis of 
its property of cross-reacting with CEA-
antiserum, but once crude BCA-antiserum 
has been made available following on from 
the first isolation, the isolation and purifica- 55 
tion can be effected using crude BCA-
antiserum as a guide during subsequent 
extraction and isolation procedures. 

Pure BCA requires more complicated 
isolation methods since it does not cross- 60 
react with CEA-antiserum. 

Of the methods available for the isolation 
and purification of crude BCA and pure 
BCA, the ones most conveniently used are 
solvent extraction, ion-exchange (absorp- 65 
tion) chromatography, or gel filtration or a 
combination thereof. Usually a combination 
of all three methods is employed. 

The solvents which may be employed are 
glycoprotein solvents. The preferred solvent 70 
is aqueous ammonium sulfate, preferably 
about 80% saturated. Other solvents which 
may be used include aqueous potassium 
chloride and perchloric acid. 

Gel filtration is normally effected using a 75 
hydrophilic water-insoluble cross-linked de-
xtran polymer gel. This gel material is 
commercially available from A B Pharma-
cia, Uppsala, Sweden under the name 
"Sephadex" (Trade Mark) and comprises a 80 
three dimensional macroscopic network of 
dextran substances bonded or cross-linked 
together, being capable of absorbing water 
with swelling. In the extraction described 
hereinafter "Sephadex G-200" was em- 85 
ployed, the "200" indicating a water regain 
value of about 20 ml/g dry gel. 

For ion-exchange chromatography, dieth-
ylaminoethyl cellulose (hereinafter D E A E ) 
is preferred for the isolation of crude BCA 90 
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and pure BCA. The diethylaminoethyl cel-
luloses which are most suitable are those 
which are microgranular in form, have rod 
shaped particles with a particle size distribu-

5 tion, expressed as diameter of equivalent 
spheres, within a range of about 20 [i to 
about 60 ji, have a capacity of 1.0 ± 0.1 
meg/gm. a water regain of 2.3-2.9 gm/gm 
dry exchanger and are in free base form. 

10 The elution medium used may be any 
medium which can be formulated so as to 
separate the desired antigens. It has been 
found that sodium phosphate buffers having 
a pH of from about 7.0 to 7.5 may be 

15 employed for this purpose. Elution may be 
carried out using serial dilutions of the 
buffer or a gradient. 

When using two consecutive chromatog-
raphy steps eg. absorption and gel-filtration, 

20 they may be employed in either order. 
Although crude BCA cross-reacts with 

CEA indicating that the two antigens have 
some antigenic sites in common, sufficient 
immunological, and physico-chemical dif-

25 ferences are apparent to enable one to say 
that the two antigens are distinct from one 
another. Pure BCA is clearly quite distinct 
from CEA since it does not cross-react with 
CEA-antiserum. Immunological tests have 

30 also been carried out to demonstrate that 
crude BCA and pure BCA are distinct from 
CCA III (Colon carcinoma antigen III - see 
Federal Proceedings Faseb 31 No. 2, 1972, 
Abstract No. 2398) which according to its 

35 physical chemistry and its immunochemistry 
is probably identical to NGP (Normal gly-
coprotein - see Immunochemistry 9, 1972 
pages 1031-1034) and also are distinct from 
NCA (non-specific cross-reacting antigen -

40 see Proc. Nat. Acad. Sci 69, 1972, pages 
2492-2494). 

The BCA antigens may be detected by 
conventional methods in breast cancer pa-
tients and since the antigens circulate, they 

45 may be detected at a very early stage of 
neoplastic growth. Detection is thus of great 
value in the early diagnosis of breast cancer. 
The most preferred method of detecting 
antigens is by means of a radioimmunoasay. 

50 Another preferred technique is that of 
enzyme labelling. This latter technique is 
described in the reviews in Clinical Chemis-
try volume 22 at pages 733 to 738 and 1243 
to 1255. Other methods may however also 

55 be used such as for example haemaglutina-
tion assay, immunodiffusion, countercur-
rent electrophoresis, complement fixation 
technique and latex agglutination. 

Antisera for both crude BCA and pure 
60 BCA may be prepared in a conventional 

manner e.g. using rabbits. BCA and also 
antisera specific to BCA may likewise be 
radiolabeled in a conventional manner e.g. 
using the modified method of Hunter and 

65 Greenwood. 

The method according to the invention 
for detecting BCA in blood-serum or plas-
ma comprises carrying out the following 
steps: 

a) adding a specific amount of BCA- 70 
antiserum to a blood sample, 

b) incubating the mixture, 
c) add ing a s p e c i f i c a m o u n t of 

radiolabeled BCA 
d) incubating the mixture, 75 
e) separating the BCA-anti BCA com-

plexes from free BCA, 
f) measuring the radioactivity of either 

the complexes or the free BCA. 
The invention also comprises a diagnostic 80 

kit for the detection of BCA in a sample of 
blood, serum or plasma which contains 
BCA and/or BCA-antiserum. The B C A 
and/or BCA-antiserum may be labeled with 
a radioactive isotope which may convenient- 85 
ly be I125. 

The invention will now be illustrated with 
reference to the following Examples. 

The radioimmunoassay used in Examples 
2-5 to check the progress of the chromatog- 90 
raphy steps used was carried out as follows:-

The double antibody technique was em-
ployed: serial amounts of the crude extracts 
(from 100 to 3.12 ug) were incubated for 24 
hr at 37°C with e H CEA and 1:200,00 95 
absorbed anti-CEA. For the bound/free 
separation, 1:100 antigoat gamma globulin 
rabbit serum and 1:5,000 normal rabbit 
serum were added. After a second incuba-
tion, 1 hour at 37°C, and 20 min. at 4°C the 100 
samples were centrifuged at 5,000 X g for 15 
min. and the supernatant was discarded by 
suction. The precipitate was counted for 1 
minute in an auto-gamma-counter Packard 
5130 (70% efficiency). "Packard" is a Trade 105 
Mark. 

Example 1 
A pool of histologically different human 

primary breast carcinomas was collected. 110 
No metastatic tissue was used. The tissues 
were homogenized, extracted with 3 M KC1 
in 5 x 10 M sodium phosphate buffer at 
pH 7.4 and then centrifuged (45,000 X g for 
1 hour). The supernates were dialyzed 115 
exhaustively against distilled water and then 
lyophilized. The crude extract resulting 
from the foregoing procedure was resus-
pended in sodium phosphate buffer at pH 
7.2 (0.04 M sodium phosphate + 0.1 M 120 
NaCl) at a concentration of 30 mg/ml. 1.5 ml 
of the solution was purified by gel-filtration 
on a 1.5 X 70 cm Sephadex G-200 column 
and eluted with sodium-phosphate buffer 
pH 7.2 (flow rate: 4 ml/cm2/hour). Crude 125 
BCA was obtained in those fractions (14-16) 
which showed the highest cross-reaction 
with CEA in a competitive inhibition with 
125I-CEA-anti-CEA. 
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Example 2 
A pool of human primary breast carcino-

mas was homogenized in an ice bath, 
lyophiiized, extracted at 4°C with 3 M KC1 

5 in a phosphate buffer (0.005 M N a 2 H P 0 4 -
NaH 2 P0 4 - pH 7.5), 1:100 w/v ratio and 
centrifuged at 100,000 x g for 1 hour. The 
supernatant was dialyzed, first against tap 
water, and then against distilled water, until 

10 all the chloride had been removed, and 
concentrated by ultrafiltration (P.S.A.C. 
Millipore Corporation, Bedford, Mas-
sachusetts) and lyophiiized. 800 mg of the 
lyophiiized extract was resuspended in 40 ml 

15 of a phosphate buffered saline (0.05 M 
NaH 2 P0 4 - N a 2 H P 0 4 - pH 7.2 containing 
0.1 M NaCl) (hereinafter PBS buffer) and 
centrifuged at 100,000 X g for 1 hour, giving 
a crude extract of primary breast cancer 

20 antigens - crude BCA. The protein concen-
tration of the supernatant determined by the 
Lowry technique (using albumin as the 
standard) was 11.2 mg/ml. 7.5 ml (20 mg/ml) 
of the crude BCA was gel filtered on a 

25 Sephadex G 200 column (2.5 X 110 cm) 
eluted with the PBS buffer at a flow rate of 4 
ml/cm2/hr. The eluates were read at 280 nm 
and 50 (xl of every fraction (5 ml) were 
checked by a radioimmunoassay against 125I 

30 CEA anti-CEA. Fractions 52-65 and 66-78, 
obtained from the gel filtration were com-
bined, dialyzed, concentrated by ulrafiltra-
tion and lyophiiized. The yields were as 
follows: Fractions 52-65 = 71.55 mg; Frac-

35 tions 66-78 = 55.68 mg. The lyophiiized 
product was resuspended in phosphate buf-
fered saline - PBS - (20 mg/ml) and then 
centrifuged for 1 hr at 100,000 x g. The 
supernatant (3 ml), checked by Lowry's 

40 method (14 mg/ml), was gel filtered on a 
Sephadex G 200 column (1.5 x 105 cm) 
(flow rate: 4 ml/cm2/hr). The eluates were 
read at 280 nm and a 200 [il aliquot of every 
fraction (4 ml) was checked by a radioimmu-

45 noassay against a 125I CEA anti-CEA sys-
tem as described above. Fractions 18-30, 
obtained from gel filtration were dialyzed 
against a phosphate buffer and chromatog-
raphed on a diethylaminoethyl cellulose 

50 column (1.5 x 20 cm) (23 S.S. Serva) 
equilibrated with phosphate buffer. The 
diethylaminoethyl cellulose column was 
eluted at a flow rate of 20 mi/cm2/hr with 
phosphate buffers of varying molarity (0.005 

55 M; 0.025 M; 0.05 M; 0.1 M; 0.5 M). The 
fractions (10 ml each) contained in the peak 
(read at 280 nm) were pooled, dialyzed and 
concentrated by means of ultrafiltration up 
to 3.5 ml of crude BCA and checked by a 

60 radioimmunoassay against 125I CEA-anti-
CEA. 

Example 3 
60 g of a lyophiiized homogenate of a pool 

65 of human primary breast carcinomas was 

dissolved in 450 ml of double distilled water 
and 450 ml of cold 2 N perchloric acid were 
then added dropwise with stirring. The 
perchloric acid extract was centrifuged at 
4,500 x g for 30 min. The lyophiiized 70 
homogenate was extracted once again with 1 
N perchloric acid. After pooling the super-
natants were dialyzed against tap water for 
12 hr, and then against double distilled 
water for 36 hr. The solutions were concen- 75 
trated by ultrafiltration and lyophiiized. The 
lyophiiized lots were dissolved in 3 M 
potassium chloride in phosphate buffer and 
stirred at 4°C for 24 hr. After centrifugation 
at 100,000 x g for 1 hr the supernatant was 80 
dialyzed, concentrated by ultrafiltration and 
lyophiiized. The yield was 1.4%. 500 mg of 
this lyophiiized material was suspended in 
25 ml of phosphate buffered saline - PBS -
and centrifuged at 100,000 x g for 1 hr. The 85 
supernatant was checked using Lowry's 
method (13.4 mg/ml) and by the radioimmu-
noassay against 125I CEA anti-CEA. 10 ml 
(20 mg/ml) of the supernatant was chroma-
tographed on a diethylaminoethyl cellulose 90 
column (2.8 cm x 15 cm) as described in 
Example 2. Fractions (5 ml each) were 
checked at 280 nm. 200 jil of each fraction 
was tested by a radioimmunoassay against 
125 I CEA anti-CEA as described above. 95 

The fractions, for each molarity step of 
the eluant, according to the U.V. absorp-
tion and the response to the radioimmu-
noassay, were pooled, concentrated by 
ultrafiltration and then lyophiiized. 20 mg of 100 
the lyophiiized material resulting from elu-
tion with the 0.05 M buffer were dissolved in 
2 ml of phosphate buffered saline - PBS. 
After centrifugation at 100,000 X g for 1 hr 
the supernatant containing the crude B C A 105 
was checked by Lowry's method and found 
to contain 7 mg/ml. 0.5 ml of the super-
natant was then gel filtered on a Sephadex 
G 200 column (1 X 95 cm), and eluted with 
phosphate buffered saline - PBS - at a flow 110 
rate of 6 ml/cm2/hr. Each fraction (1.4 ml) 
from the gel filtration was checked for 
absorption at 280 nm and also by a radioim-
munoassay against 125I CEA anti-CEA as 
described above. Fractions 21-27 from the 115 
gel filtration were pooled, dialyzed and 
concentrated by ultrafiltration to 1 ml. After 
centrifugation at 100,000 X g for 1 hr, 10 ml 
aliquots of the supernatant containing crude 
BCA were radio-labeled, gel filtered on 120 
Sephadex G 200 and checked by the above 
described radioimmunoassay against anti-
crude BCA. 

Example 4 125 
A crude BCA extract prepared as de-

scribed above in Example 1 was chromatog-
raphed on a diethylaminoethyl cellulose 
column as follows. 200 mg of crude extract 
were dissolved in 40 ml of 0.005 M sodium- 130 
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phosphate buffer, pH 7.5. The solution was 
applied to a 2.4 x 30 cm diethylaminoethyl 
cellulose (23 S.S Serva) chromatography 
column that had been equilibrated with the 

5 0.005 M phosphate buffer, pH 7.5. The 
column was eluted stepwise with a series of 
phosphate buffers at pH 7.5 (0.005 M, 0.025 
M, 0.05 M, 0.1 M and 0.5 M). 10 ml 
fractions were collected at a flow rate of 20 

10 ml/hour. The absorbancy of each fraction 
was read at 280 nm, thereby defining the 
peaks. The fifth peak was the one that 
showed by far the highest immunological 
activity with anti-CEA. The fractions com-

15 prising this peak were combined and di-
alyzed against sodium-phosphate buffer 
(0.04 M sodium-phosphate + 0.1 M NaCl) 
at pH 7.2. The protein concentration was 
adjusted to 750 fig/ml. The material was 

20 then concentrated and purified by gel filtra-
tion on a 1.5 X 70 cm Sephadex G-200 
column. A 1.5 ml portion of the concentrate 
was applied to the column and eluted with 
sodium-phosphate buffer at pH 7.2; 4 ml 

25 fractions were collected at a flow rate of 4 
ml/cm2/hr. Fraction No. 18, which showed 
the highest activity with anti-CEA, was 
concentrated to 1 mg/ml and 10 (d were 
labeled with Na125I according to the mod-

30 ified method of Hunter and Greenwood. 
This labeled material was again chromatog-
raphed by gel filtration on a 1 x 100 cm 
Sephadex G-200 column with sodium-
phosphate buffer at pH 7.2. Fractions of 1.5 

35 ml were collected at a flow rate of 8 
mI/cm2/hour. Fraction No. 18 was again 
collected. This fraction reacted with an 
anti-serum prepared from crude BCA but 
not with anti-CEA. This fraction thus con-

40 tains antigens (BCA) associated with breast 
carcinoma that do not crossreact with anti-
CEA and react only with an antibody 
produced using antigens extracted from this 
type of tumor. 

45 
Example 5 

To 15 ml of crude BCA prepared as 
described in Example 2 (10 mg/ml) in a 
phosphate buffer 8.4 g of (NH 4 ) 2 S0 4 

50 equivalent to 80% saturation were slowly 
added. After stirring for 20 min., the pro-
duct was centrifuged at 15,000 x g for 15 
min. The precipitate was then resuspended 
in 8 ml of phosphate buffer - PBS -. The 

55 resuspended precipitate (crude BCA) and 
the supernatant, after dialysis against phos-
phate buffered saline. PBS buffer, were 
checked by the radioimmunoassay against 
125I CEA anti-CEA. The protein content 

60 was 10 mg/ml according to Lowry's method. 
The resuspended crude BCA was then 
chromatographed on a diethylaminoethyl 
cellulose column as described above in 
Example 2. The fractions from the elution 

65 using 0.05 M phosphate buffer - PBS - which 

were active according to a radioimmunoas-
say against 125I CEA-anti-CEA were pooled 
(16 ml) concentrated by ultrafiltration 
(P.S.A.C.) to 3 ml, and then centrifuged at 
100,000 x g for 1 hr. The supernatant was 70 
gel filtered on a Sephadex G 200 column 
(1.05 x 105 cm) at a flow rate of 10 ml/cm2 

hr. The elution fractions were checked by 
the above described radioimmunoassay 
against 125I CEA anti-CEA and 125I CEA 75 
anti-crude BCA (from Example 3). The 
most active fractions against12 I CEA anti-
crude BCA were pooled (10 ml) (Lowry: 80 
|xg/ml) and concentrated to 1.8 ml. After 
centrifugation at 100,000 x g for 1 hr, the 80 
protein content of the supernatant (Breast 
Cancer Antigen(s): BCA) was determined 
by Lowry's method (350 [xg/ml). 

Example 6 85 
10 )xl of a solution of BCA having a 

concentration of 1 mg/ml was mixed with 10 
[il of 125I Na (= 1 mci) in the presence of 
Chloramine T (50 ml of a solution contain-
ing 16 mg/10 ml). The mixture was allowed 90 
to react for 55 seconds at the ambient 
temperature. 50 (il of solution of sodium 
metabisulfite were then added (concentra-
tion 48 mg/10 ml). The reaction product was 
then separated from free iodine-125 by 95 
chromtography on a Sephadex G-200 col-
umn eluted at the rate of 8 ml/cm2/hr. 

A radioimmunoassay was carried out 
using plasma (5 ml of blood taken up in 0.1 
ml of EDTA solution). The first incubation 100 
was carried out at 37°C for 24 hours using 
0.1 ml of the plasma sample and rabbit 
anti-BCA (which had been absorbed with 
normal tissue extract). The radiolabeled 
antigen marked as described above was then 105 
added. The antigen had an activity of 20,000 
CPM/0.1 ml. The mixture was then incu-
bated a second time for 24 hours at 37°C. A 
third incubation was then carried out with 
anti-gammaglobulin diluted fourfold from 110 
the rabbit used to prepare the antiserum. 
Centrifugation was then carried out at 6000 
x g for 15 minutes and the precipitate was 
then counted in a y-counter after the super-
nates had been aspirated off. 115 

WHAT WE CLAIM IS: 
1. Breast cancer associated antigens, 

designated "BCA" and extracted from hu-
man breast carcinomas by a process which 
comprises extracting homogenised breast 120 
carcinoma material with a glycoprotein sol-
vent, centrifuging, dialyzing the resulting 
supernate, lyophilizing, gel-filtering and iso-
lating the fractions containing BCA. 

2. BCA as claimed in claim 1 wherein 125 
the glycoprotein solvent is aqueous potas-
sium chloride. 

3. BCA as claimed in claim 1, wherein 
the glycoprotein solvent is perchloric acid. 

4. BCA as claimed in claim 1 wherein 130 
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the glycoprotein solvent is aqueous ammo-
nium sulphate. 

5. BCA as claimed in claim 1 or 2 in 
crude form. 

5 6. BCA as claimed in claim 3 or 4 in 
crude form. 

7. BCA as claimed in claim 1 or 2 in 
pure form. 

8. BCA as claimed in claim 3 or 4 in 
10 pure form. 

9. BCA as claimed in any one of claims 
1 to 8 wherein the process for extracting 
BCA is substantially as hereinbefore de-
scribed. 

15 10. B C A whenever extracted from 
breast carcinomas by a process substantially 
as hereinbefore described with particular 
reference to the foregoing Examples 1, 2 
and 4. 

20 11. B C A whenever extracted from 
breast carcinomas by a process substantially 
as hereinbefore described with particular 
reference to the foregoing Examples 3 and 
5. 

25 12. BCA-antiserum specific to BCA as 
claimed in claim 1. 

13. Radiolabeled BCA wherein the 
BCA is as claimed in claim 1. 

14. R a d i o l a b e l e d B C A - a n t i s e r u m 
30 wherein the BCA-antiserum is as claimed in 

claim 12. 
15. Radiolabeled BCA as claimed in 

claim 13 or radiolabeled BCA-antiserum as 
claimed in claim 14 wherein the labelling is 

35 with I125. 
16. Enzyme-labeled BCA wherein the 

BCA is as claimed in claim 1. 
17. An immunological method of de-

tecting BCA in serum or plasma using 
40 radioimmunoassay, enzyme labelling, 

haemaglutination assay, immunodiffusion, 
countercurrent electrophoresis, comple-
ment fixation technique or latex agglutina-
tion. 

45 18. A method as claimed in claim 17 
which is a radioimmunoassay. 

19. A method as claimed in claim 18 
which comprises carrying out the following 
steps: 

50 a) adding a specific amount of BCA-
antiserum to a blood sample, 

b) incubating the mixture, 
c) adding a s p e c i f i c amount of 

radiolabeled BCA, 
55 d) incubating the mixture, 

e) separating the BCA-anti BCA com-
plexes from free BCA, 

f) measuring the radioactivity of either 
the complexes or the free BCA. 

60 20. A method as claimed in claim 19 
wherein in step e) the separation is effected 
by coprecipitating all BCA-anti BCA com-
plexes. 

21. A method as claimed in claim 17 is 
65 an immunofluorescence method. 

22. A process for the extraction of B C A 
which comprises extracting homogenised 
breast carcinoma material with a glycopro-
tein solvent, centrifuging, dialyzing the re-
sulting supernate, lyophilizing, gel-filtering 70 
and isolating the fractions containing BCA. 

23. A process as claimed in claim 22 
wherein the glycoprotein solvent in aqueous 
potassium chloride. 

24. A process as claimed in claim 22 75 
wherein the glycoprotein solvent is per-
chloric acid. 

25. A process as claimed in claim 22 
wherein the glycoprotein solvent is aqueous 
ammonium sulfate. 80 

26. A process as claimed in claim 25 
wherein the ammonium sulfate is about 
80% saturated. 

27. A process as claimed in claim 22 
substantially as hereinbefore described. 85 

28. A process for the extraction of B C A 
from breast carcinomas substantially as 
hereinbefore described with particular re-
ference to the foregoing Examples 1 to 5. 

29. A diagnostic kit for the detection of 90 
BCA in a sample of blood, serum or plasma, 
which contains BCA as claimed in claim 1 
and/or BCA-antiserum as claimed in claim 
12 or radiolabeled forms thereof labeled 
with a radioactive isotope. 95 

30. A diagnostic kit as claimed in claim 
29 wherein the radioactive isotope is I125. 
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