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Further Studies on Abnormal Serum Proteins in Tumor-Bearing 
Hosts." ( 2 M )  

PETER BERNFELD AND J. WAN 
Bio-Research Institute, Cambridge, Mass. 

Previous studies on abnormal serum pro- 
teins in mice bearing certain transplanted or 
spontaneous tumors have demonstrated the 
existence in the host animals of minute 
amounts of antigenc serum components which 
were absent in normal control animals of the 
same strain ( 1,2 ) . These observations were 
based on a combination of immunological 
and biochemical techniques, which led to the 
production of rabbit antisera against the ab- 
normal serum components. However, the 
antisera thus obtained reacted also with a 
number of normal murine serum proteins, 
and interpretation of the results appeared 
ambiguous at times. 

A new procedure for selective and quanti- 
tative removal of certain antibodies from 
antisera has recently been developed( 3 ) .  By 
use of this technique i t  has now become pos- 
sible to prepare rabbit antisera specific for 
abnormal components which occur in minute 
amounts in the serum of tumor-bearing mice; 
such antisera do not react at  all with serum 
from normal control animals (4). 

The sequence of techniques described here 
may be applied also to other diseases or con- 
ditions and may also be employed for detec- 
tion of abnormal proteins at  other sites. 

Methods and materials. Mouse seyum. 
Female C3H/He mice with spontaneous 
mammary adenwarcinoma of one to two cm 
diameter served as tumor-bearing animals. 

*This investigation was supported in part by 
USPHS Research Gnant CA-03852 from Nat. Cancer 
Inst. and by Research Grant P-249 from Am. Cancer 
SOC. 

They were retired breeders from the Jackson 
Laboratory in Bar Harbor, Maine. Animals 
with necrotic tumors were rejected. Male lit- 
termates were used as normal control animals 
unless stated otherwise. Mice were bled as 
described earlier ( 5 )  , except that no citrate 
was used and serum was collected. 

Murine serum a-gZobuZin fractions. Pooled 
serum from tumar-bearing mice, in portions 
of 20 ml, was fractionated by zone electro- 
phoresis on a carrier medium consisting of 
3% cornstarch gel with 3% additional po'tato 
amylose as described earlier ( 2,6). An aver- 
age of 20 protein fractions was obtained from 
each batch, These fractions were character- 
ized by paper electrophoresis and by plot- 
ting the total protein content of each frac- 
tion, measured according to Lowry et aZ(7) ,  
as a function of the distance of the fraction 
from the origin. In general, three-fourths of 
the total u2-globulin was distributed over 4 
to 5 fractions; these also contained variable 
amounts of al- and ,&globulins. There was 
an equal number of fractions encompassing 
75% of the al-globulin; they contained vari- 
able amounts of albumin and a2-globulin. 
These al- and  globulin fractions partially 
overlapped each other, 

Immunization of rabbits. Young female 
rabbits weighing 5 to 6 lb received subcu- 
taneous injections of a-globulin (including 
p-globulin or albumin impurities) in Freund's 
adjuvant mixture as described by Cohn(8). 
The initial immunization consisted of one mg 
of protein per pound of rabbit. Starting 6 
weeks after the initial injection, booster in- 
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jections of half the initial amount of protein 
were administered at 2-week intervals for 4 
to 6 months. After the first 3 immunizations 
(one initial and two booster injections), a 
different a-globulin fraction was given on 2 
consecutive occasions ; rabbits receiving a2- 
globulin a t  first were now given an al-globu- 
lin fraction and vice versa. As a rule, the 
second fraction administered to each rabbit 
was 2 to 3 fraction numbers distant from 
the fraction given at  first to the rabbit. After 
2 immunizations with the second fraction, 
each rabbit received again 2 consecutive in- 
jections with the fraction given initially. This 
schedule of alternation between 2 injections 
of ~2-globulin and 2 of al-globulin fractions 
was continued further. Such “cross immu- 
nization” resulted in superior sensitization of 
the rabbits against the abnormal mouse 
serum component. Periods of one or several 
weeks of rest without injections were inter- 
calated occasionally. Rabbits were bled from 
the ear vein 2 weeks after the third injection 
and thereafter always 2 weeks after every 
second booster injection. 

Treatment of antisera with normal anti- 
gens. Protein from whole serum of normal 
control mice was transformed into a water- 
insoluble form by entrapping it into the lat- 
tices of highly cross-linked polyacrylamide. 
This was achieved by polymerizing the syn- 
thetic monomer, methylenebisacrylamide, in 
the presence of serum protein in aqueous 
solution as previously described in Procedure 
I (3 ) .  One ml of rabbit antiserum against 
a-globulin from tumor-bearing mice was then 
treated with a suspension of washed, insol- 
uble protein derived from 60 mg of normal 
murine serum protein (about 1.2 ml mouse 
serum). The procedure described previously 
( 3 )  was followed, except that the insoluble 
polymer, remaining after the “treated” anti- 
serum had been separated by centrifugation, 
was washed by stirring it up 3 times with 
one ml of distilled water. The two phases 
were subsequently separated by centrifuga- 
tion. The washings were added to the main 
portion of “treated” antiserum, and the com- 
bined solutions were concentrated by lyo- 
philization to establish the protein concen- 

tration of the original rabbit antiserum before 
“treatment.” In  this way, the recovery of 
specific antibody could be improved to 70 or 
80%. 

Precipitin tests. The specific antibody- 
antigen interactions were observed by the 
Ouchterlony agar plate diffusion technique 
(9) as modified by Korngold( 10). 

Results. Immunization of rabbits with 
a-globulin fractions from the serum of tumor- 
bearing mice resulted in development of at 
least 5 different rabbit antibodies against 
mouse serum proteins, as seen from the 
number of precipitin lines in the agar plate 
diffusion test of Fig. la. The same number 
of precipitin lines appeared on the agar plate 
independently of whether serum from tumor- 
bearing mice or from normal control animals 
was used as the antigen. After the rabbit 
antiserum had been treated with insoluble 
serum protein from normal control mice, all 
antibodies against normal murine serum pro- 
teins had been removed, according to the 
complete absence of precipitin lines with nor- 
mal mouse serum as the antigen (Fig. lb, 
wells N1 and N2). When serum from tumor- 
bearing mice was applied on the plates as 
the antigen, however, a single and sharp pre- 
cipitin line appeared with the same treated 
rabbit antiserum (Fig. lb, wells Tl and T2), 
indicating the presence in the serum of tumor- 
bearing mice of an antigenic material which 
is absent in normal animals. This component 
is therefore referred to subsequently as an 
abnormal component. 

Abnormal murine serum proteins were ob- 
served with antisera from a number of differ- 
ent rabbits; the same findings were also ob- 
tained with murine serum a-globulin fractions 
from different batches of fractionation, with 
different pools of serum from C3H mice bear- 
ing spontaneous mammary tumors, and after 
treatment of the rabbit antisera with insol- 
uble protein from different pools of serum 
from normal C3H mice. 

The appearance of the precipitin line of 
the abnormal component was highly depen- 
dent on the mouse serum concentration used 
in the agar test. This line was always ob- 
served at 1:16 and 1:32 dilutions of the 
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mouse serum ( i .e .  at  about 3.2 and 1.6 mg 
protein per ml), sometimes at  1:8 and 1:64 
dilutions, and rarely at  lower or higher dilu- 

tims (Table I). To exclude the possibility 
that a corresponding precipitin reaction also’ 
exists in normal serum in a narrow range of 

a b 
FIG. la, lb .  Center well A1 contained untreated rabbit antiserum (rabbit 35) after 3 immuniza- 

tions with an az-globulin fraction from tumor-bearing C3H mice, followed by 2 immunizations 
with an al-globulin (fraction, then by one with the initial az-globulin fraction. Center well A2 
contained the same rabbit antiserum as A1 but after treatment with insoluble protein from serum 
of normal C3H mice. Outside wells N1 and N2 contained pooled sera from normal C3H mice 
at 1:32 and 1:8 dilutions, respectively. T1 and T2 contained pooled sera from tumor-bearing C3H 
mice at 1:32 and 1 : s  dilutions, respectively. 

TABLE I. Reaction of “Treated” Rabbit Antisera Against Abnormal Murine Serum Protein 
with Various Materials f ram C3H Mice at Different Coneentratiom. 

Precipitin reaction* 
Tumor-b earing mice N m m I  mice 

Protein concein- <--- \ f \ 

tration in agar Liver Lysed Tumor Liver Lysed 
test (mg/ml) Serum extrsctt RBCS extractt Serum extraictt RBCt 

- 
- 1010 

25 
12.5 

-§ - - -- 510 -§ +++ +++ ++ +++ - - - 
- 

- - - 
-- 

- 
- - 

- - - 
- - - - - - 6.3 + 

3.2 +++ 
1.6 +++ 
.a + -- - - - - 

- - - 
- - .4 

.2 - - 

* Precipitin readions were graded as follows : + + + Strong precipitin reaction observed in 
almolet d 1  instan’ces. + + Strong precipitin reaction observed sometimes. + Precipitin re=- 
tian weak and observed only in  a few instances. - No precipitin reaction observed. 

t Cells were dispersed by means of a cytosieve, washed repeatedly with saline and then disin- 
tegrated by succwsive treatments in a Virtis homogenizer and in an ultrasound disintegrabor. 

f.  Red blofod cells. 
0 Undiluted serum. 
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TABLE 11. Influence of Repeated Immunizations 
and ‘(Cro~ss Immunizations” of a Rabbit (No. 36) 
on Development of Antibody Against Abnosmal 

Mouse Serum Protein. 

Proltein f rastion 
in j ec ted Immune reaction 

Principal No. of Date of against abnormal 
compo- times bleeding protein on agar 
nents injected of rabbit plate* 

a s  ( a d  3 2/27/63 + 
+++ a1(A> 

a1 (A) 1 10/ 8/63 +++ 
a1 (A) 1 11/29/63 +++ 

2 4/ 4/63 (+) 
a2 (a*> 6/ 5/63 

~~ ~ 

* Evaluation of intensity of precipitin line. 

dilution and has escaped detection, normal 
mouse serum was tested over a wide range 
of concentrations from undiluted serum to a 
final 1 : 5 12 dilution in a logarithmic progres- 
sion of 1:2. No precipitin line was observed 
at  any of these concentrations (Table I). 

Abnormal protein was found in almost all 
fractions of the serum from tumor-bearing 
mice which contained al- or a2-globulin, but 
not in any of the other protein fractions 
(Fig. 2 ) .  

When rabbits were immunized repeatedly 
with a single fraction containing the abnor- 
mal protein, an antibody against the latter 
was observed in only a few instances and this 
antibody was always present a t  a very low 
titer (low intensity of the precipitin line on 
the agar plates). The immune response of 
the rabbits against the abnormal mouse pro- 
tein could be greatly enhanced by a schedule 
of injections in which murine a2- and al- 

globulin fractions, both containing the ab- 
normal component, were administered alter- 
nately to the rabbits (Table 11). Best re- 
sults were obtained when the 2 fractions 
injected were apart from each other by 2 to 
3 fraction numbers (equal in length to about 
one-fourth to one-sixth of the distance of 
migration of the albumin). Eventually, the 
rabbits became sensitized against the ab- 
normal mouse serum protein to such a degree 
that the corresponding precipitin line became 
clearly visible on the agar plates even when 
“untreated” rabbit antiserum was used. 

Tests of the antibody-antigen interactions 
between individual mouse sera and “treated” 
rabbit antisera exhibited a distinctly positive 

reaction with each of 2\01 sera from tumor- 
bearing female C3H retired breeders (Table 
111). This reaction consisted in all instances 
in the appearance of a single and sharp 
precipitin line in the agar plate diffusion 
technique. 

Because all the tumor-bearing animals of 
the host-tumor system under investigation 
were of necessity female, the choice of the 
normal control animals as to age and sex 
was important. For the purpose of removing 
antibodies against normal mouse serum pro- 
teins from the rabbit antisera, pooled serum 
from male retired breeders was used in all 
instances. Consequently, no reaction was 
found between the rabbit antisera thus treated 
and any of 20 individual mouse sera from 
male C3H retired breeders (Table 111). Like- 
wise, no positive reactions were observed be- 
tween the same treated rabbit antisera and 
any of 15 individual sera from normal young 
male C3H mice ( 3  to 4 months old). How- 
ever, about 20% of the sera from normal 
individual young female C3H mice ( 3  to 4 
months old) seemed to exhibit a positive 
precipitin reaction. This reaction was much 
weaker than that with tumor-bearing ani- 
mals; in one case it consisted in multiple 
precipitin lines on the agar plates. 

All of 8 individual sera from young healthy 
pregnant female C3H mice exhibited positive 
reactions with the rabbit antiserum (Table 

Whereas washed and lysed red blood cells 
from both tumor-bearing and normal mice 

TABLE 111. Reacticm of Individual Sera from 
C3H Mice with “Treated” Antiserum from Rab- 
bits Immunized with Serum a-Globulin Fractions 
from C3H Mice Bearing Spontaneous Mammary 

Adenocarcinoma. 

111). 

- 
Donor mice Positive 

r \ No. of reactions 
condi- Age individual 
tion Sex (mo) micestudied No. 9’0 

SMT*t 9 9  >10 20 20 100 

” t 8 8 > l O  20 0 0 
NormaltS 0 0 >10 5 2 40 

15 0 0 
21  4 20 

8 1010 

?t  

9 9  
8 8  3 4  
0 0 3-4 

Pregnant 9 0 3-4 8 

* Spontaneous mammary tumor. 
t Retired breeders. 
$ No visible sigms of tumo’r at autopsy. 



ABNORMAL SERUM PROTEINS 6 79 

gave no precipitin reactions, extracts from 
carefully washed liver and tumor cells ex- 
hibited positive reactions at  very high con- 
centrations of the extracts (Table I). At  the 
same high protein concentrations, the tumor 
cell extract gave a positive precipitin re- 
action also with a rabbit antiserum against 
whole serum protein from normal C3H mice. 
This suggests that the washing was insuf- 
ficient to remove small amounts of serum 
adhering to the tumor cells, and possibly 
also to the liver cells. The observation of 
abnormal protein in the extracts of tumor 
and liver cells a t  these high concentrations 
is not signilficant, therefore. No precipitin 
reaction was observed when an extract of 
liver cells from normal mice was allowed to 
react with “treated” antiserum. 

Discussion. Our data clearly show that the 
serum of female C3H mice, bearing spon- 
taneous mammary adenocarcinoma, contains 
an antigen which is absent from the serum 
of normal C3H male littermates. This anti- 
gen in the serum of tumor-bearing mice is 
referred to, therefore, as an abnormal antigen. 
From its behavior as an a-globulin upon elec- 
trophoresis, this antigen is likely to be a 
protein. Since an antibody against this ab- 
normal protein can only be obtained after 
a great number of immunizations of the 
rabbits, and then only when a special sched- 
ule of immunization is observed and when 
a partially purified antigen is used, it must 
be assumed that the abnormal protein occurs 
in no more than trace amounts in the host 
serum. 

The methodology used in this work for 
detection of minute quantities of unknown 
abnormal serum proteins of undefined physio- 
logical and biochemical functions is based on 
3 principal features. 

1. I t  is well known that little or no anti- 
body is formed against many antigenic com- 
ponents, especially when they occur in very 
small amounts. Adler ( 1 1 ) interpreted this 
phenomenon as being due to a competition 
between the various antigens for antibody- 
forming sites. For this reason, purified frac- 
tions of the abnormal murine serum proteins 
were used in the present work instead of 

whole mouse serum to immunize the rabbits. 
In this way, about 90% of the normal mouse 
serum proteins were removed from the anti- 
gen before its injection into rabbits and, con- 
sequently, the antigenicity of the remaining 
minor component was considerably increased. 

2. To enhance further the sensitization of 
rabbits specifically against the abnormal com- 
ponent, a schedule of alternate immuniza- 
tions with 2 different murine serum protein 
fractions was developed. Both of these frac- 
tions contained the abnormal component, but 
their composition of normal mouse serum 
proteins was slightly different. Sensitization 
of the rabbits by this method of “cross im- 
munization” was, thus, focused on. those anti- 
gens which were administered to them with 
every single injection, i.e. especially the ab- 
normal component. 

3.  The rabbit antisera thus obtained still 
predominantly contained an tibodies against 
normal mouse serum proteins, and a separate 
precipitin line corresponding to the abnormal 
component could not be detected in the agar- 
plate-diffusion tests, except in a few instances 
where many repeated “cross immunizations” 
were administered to the rabbits, e.g. in the 
last 2 bleedings of the experiment shown in 
Table I1 or in a ,  few especially responsive 
rabbits(2). A new procedure using water- 
inso,luble antigens for absorption of anti- 
bodies against normal murine serum proteins 
was developed. This method has proved to 
be highly successful in quantitative removal 
of all antibodies against normal mouse serum 
proteins, without affecting the antibodies spe- 
cific for the abnormal component, and i t  has 
permitted the demonstration of the presence 
of antibodies against abnormal components 
even when the unabsorbed antiserum did 
not disclose the presence of such an antibody 
(Fig. 1). 

The existence of abnormal antigens in vari- 
ous malignant tissues has been described by 
several laboratories( 12-19). However, only a 
few reports on abnormal s e w n  proteins in 
tumor-bearing hosts have appeared ; these in- 
clude data from our own laboratory( 1,2,4,20, 
21) and recent observations by Bogden et al 
(22) * 
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FIG. 2. Fractionation of serum from C3H mice 
bearing spontaneous adenocarcinoma, by use of zone 
electrophoresis on a supporting medium of corn- 
starch gel containing additional potato amylose. Ab- 
scissa: fraction numbers; fraction 0 corresponds to 
origin of migration; since the width of the fractions 
varied from 0.5 to 1 cm, each fraction was plotted 
a t  its actual distance in cm from the origin. Ordi- 
nate: amount of protein per fraction in mg. The 5 
major protein components were located by paper 
electrophoresis, zones totaling 85 to 90% of each 
component are indicated a t  bottom. Presence of 
abnormal protein was determined by agar plate diffu- 
sion technique, and its location is indicated above 
abscissa. 

There are no indications as to the site of 
origin of the abnormal serum protein. It 
appears, however, that it arises neither in 
the tumor tissue nor in the liver since ex- 
tracts of these tissues were found to be prac- 
tically free from the abnormal component. 
The demonstration of abnormal protein at  
very high concentrations of these extracts 
(Table I),  i.e. its presence in concentrations 
considerably below those in which i t  occurs 
in serum, must be assumed to be due to 
incomplete removal of blood from the cells 
before homogenization. Uterus, ovaries or 
mammary glands might be likely sites of 
origin of the abnormal serum protein, in 
particular the latter since the abnormal com- 
ponent occurs in a host bearing a mammary 
tumor. 

Whereas the abnormal protein has never 
been found in a single male animal, about 
20% of the normal young females and all 
of the pregnant animals exhibited a positive 
reaction. It is possible that the abnormal 
serum protein, being a part of the overall 
process of malignancy, frequently precedes 
the appearance of a detectable tumor growth. 

On the other hand, it cannot be ruled out 
that the “abnormal” serum component may 
also occur in normal females but not in rnales, 
that the amount of i t  in the serum of normal 
females would usually be below the threshold 
of perceptibility by the method used, and 
that its concentration in the serum would 
increase markedly during tumor growth, preg- 
nancy and possibly also other conditions. 

It is unknown whether or not the abnormal 
antigen has any relationship to the Milk 
Agent discovered by Bittner (23). This milk 
factor was found by Andervont(24) in C3H 
mice with spontaneous mammary adenocar- 
cinoma, as well as in other strains of mice. 
I t  is a filterable and heat labile virus(24,25) 
which possesses definite antigenic properties 

Summary. The presence of an abnormal 
serum protein in C3H mice bearing spon- 
taneous mammary adenocarcinoma was con- 
firmed. A rabbit antiserum specific for this 
abnormal murine serum protein was prepared, 
and the specific antiserum obtained did not 
react a t  all with the serum of normal male 
C3H littermates. The procedure for its p r e p  
aration was based on 3 essential features: 
1 .  Immunization of the rabbits with purified 
antigen; 2. development of a schedule of 
‘ ‘ cross immunization” cons is t ing of a1 ter nate 
injections with 2 slightly different murine 
serum protein fractions; and 3. quantitative 
absorption of all antibodies against normal 
murine serum proteins by the use of water- 
insoluble antigens. 

The abnormal serum component is present 
in all tumor-bearing animals but only in 
minute amounts; it was also found in preg- 
nant females and in about 20% of normal 
females, but never in males; it is assumed 
to be a forerunner of tumor growth. It 
migrates on electrophoresis as an a-globulin 
and only insignificant amounts of i t  were 
found in extracts of washed tumor or liver 
cells of the hosts. It is not known whether 
it is related to Bittner’s Milk Agent. 

(26). 
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Reduction of B i 1 i ~ e r d i n - C ~ ~  to Bi1 i r~b in -C~~  in vivo.* (2%66) 

GARY W. GOLDSTEIN AND ROGER LESTER (Introduced by R. Schmid) 
Department of Medicine, University of Chicago, Chicago, Ill. 

Bilirubin is the major end-product of heme 
catabolism. The intermediates in this degra- 
dative process are not well defined, but it 
has long been assumed that biliverdin is the 
immediate precursor of bilirubin ( 1 ) . The 
structural relationships between heme, bili- 
verdin, and bilirubin support this concept, 
and enzymatic conversion of biliverdin to 
bilirubin has been performed in v i t ro(2 ,3) .  
Surprisingly few attempts have been made 
to demonstrate experimentally that mecha- 
nisms permitting conversion of biliverdin to 
bilirubin do, in fact, function in v ivo(4 ,S ) .  
In  view of recent reports describing an en- 
zyme system which facilitates conversion of 
hemoglobin-haptoglobin to a biliverdin pre- 
cursor ( 6 ) ,  characterization of the physio- 
logic relationship between biliverdin and bili- 
rubin has become increasingly important. For 

Grant AM-07091. 
*This woJk was supported in part by U.S.P.H.S. 

this purpose, C14-labeled biliverdin was pre- 
pared from bilirubin-C14, and investigations 
of its metabolism and excretion were per- 
formed. 

Materrials and methods. Bi1i r~bin-C~~ ( 7)  
dispersed in methanol was refluxed for 30 
minutes in the presence of ferric chloride and 
hydrochloric acid. The reaction mixture was 
neutralized, and the green pigment was ex- 
tracted successively into ethyl ether, 1 N 
hydrochloric acid, and chloroform. The final 
solution was washed with water and dried 
by filtration through chloroform-mois tened 
paper (8) .  Bi1i~erdin-C~~ was crystallized by 
displacement of chloroform with methanol ; 
recrystallization was accomplished by dis- 
solving the primary crystals in hot methanol 
and permitting the solution to cool a t  -5°C. 
The crystals were stored in the dark in vacuo 
until immediately prim to use. 

In  order to establish purity of the bili- 


