
It was thus shown by three immunologic reactions that BCG microorganisms and L. mono- 
cytogenes cells have a common antigen with human malignant tumors, characterized by either 
partial or complete immunologic identity. Complete immunologic identity was found between 
antigens of different specimens of tumors from the same organ (carcinoma of the breast, for 
example) or from similar tumors taken from different species (carcinoma of the human and rat 
ovaries, for example). 

These data can be used to study how malignant cells are affected by immune sera specific 
not against the antigens of those cells, but against antigens which they contain in common 
with certain strains of microorganisms. 
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Many hepatocellular carcinomas synthesize the embryo-specific serum protein alpha-feto- 
protein (AFP) together with other blood serum proteins [i]. However, some hepatomas both in 
man and in animals do not produce AFP [I], Moreover, even in those hepatomas which do produce 
AFP this protein is not synthesized by all cells [5]. Isaka et al. [7] showed that ascites 
rat hepatoma is genetically heterogeneous for this trait, and that clones differing by as 
much as 50 times in their level of AFP production can be isolated from it. 

This paper describes an attempt to determine whether AFP expression in a hepatoma is 
connected with the production of other serum proteins or whether it is regulated discretely 
and is independent of the synthesis of proteins of the "adult" type. 

EXPERIMENTAL METHODS 

A culture of rat hepatoma McA-RH7777 cells was generously provided by Dr. Becker and 
Professor Van Potter (McArdle Laboratories on Cancer Research, Wisconsin, USA) under the 
terms of the Soviet-American agreement on collaboration on tumor immunology. The cells were 
cultured in LI5 medium (Flow) with 10% embryonic calf serum (Gibco, USA). 

Cloning was carried out in methylcellulose M-281 (Fisher, USA). The final methylcellu- 
lose concentration in the mixture was 1% and of embryonic calf serum 30%. In each tube 
I0,000 cells were cultured in 2 ml of the methylcellulose solution. Clones were isolated on 
the 10th-14th day. The clones grown in methylcellulose were separated under a "Diawerth" 
microscope (from Leitz, West Germany). The clones were then cultured in 96-well microplates 
(from Falcon Plastics, USA). 
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Fig. i. Immunofluorescence analysis of AFP content in clones E3 (left) and HI 
(right) during culture. A and B) Ist passage; C and D) 4th passage; E and F) 
12th passage; G-J) 17th passage (G and I -- phase-contrast photographs). Opton 
microscope. Magnification: A-D) 16 x; E-J) 40 x. 

The cells were fixed in 4% formalin solution in physiological saline and AFP was deter- 
mined in the cells by indirect immunofluorescence [4] or immunoperoxidase [9] methods, using 
rabbit antibodies against AFP, purified on an immunosorbent, and donkey antiserum (AS) against 
rabbit globulins labeled with fluorescein isothiocyanate (from the Gamaleya Institute of Epi- 
demiology and Microbiology, Academy of Medical Sciences of the USSR, Moscow), or with a per- 
oxidase-antiperoxidase complex (PAP; from Dako, Denmark). 

AFP in the culture media was determined by the aggregate-hemagglutination (AHA) method 
[3], using sheep's red blood cells conjugated with antibodies against rat AFP. 

The spectrum of serum proteins secreted by the cells was analyzed by immunoisotacho- 
phoresis [2], using an apparatus for electrophoresis of the "Gelman" (USA) type. For this 
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Fig. 2. Immunoisotachophoretic analysis of culture media of clones E3 and 
HI. Reagents used: A) 50 ~i of medium of clone E3 at llth passage; B) 200 
~i medium of clone HI at llth passage; C) 25 ~i of medium of alone E3 at 
llth passage mixed with i00 ~I of medium of clone HI at llth passage; D) 50 
~i of medium of clone E3 at llth passage + I0 ~i transferrin-containing so- 
lution; E) 200 ~i of medium of clone E3 at llth passage with addition of 5 
~i of solution containing 30 ng of purified rat albumin; F) 200 ~i of me- 
dium of clone E3 at llth passage; G) 50 ul of medium of clone E3 at 18th 
passage. The following reagents were used for detection in crossed immuno- 
electrophoresis: A-D, G) AS against ARSP in dilution of 1:5 mixed with AS 
against AFP in dilution of I:i0; E) AS against ARSP in dilution of 1:320 
mixed with AS against AFP in dilution of i:i0; F) AS against ARSP in dilu- 
tion of 1:320 mixed with AS against AFP in dilution of 1:5. 1-5) Nos. of 
peaks corresponding to their electrophoretic mobility; Tr) transferrin. 
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purpose 25-200 ~i of the sample was mixed with 5 ~i of a 10% solution of ampholines ("Ser- 
volyt," pH 4.0-6.0) and subjected to electrophoresis on a "Cellogel" cellulose acetate mem- 
brane (from Serva, West Germany) in a heterogeneous buffer system ("leading" buffer 0.06 M 
Tris-HCl, pH 6.7; "closing" buffer 0.012 M Tris-glycine, pH 8.3). The film containing the 
concentrated and separated proteins was transferred to a thin agarose plate (60 x 90 • 0.5 
mm), the cathodal half of which consisted of "pure" 1% agarose in Tris-barbital buffer, pH 
8.6 (ionic strength about 0.05), whereas the anodal part contained AS against AFP or against 
adult rat serum proteins (ARSP), or a mixture of both AS. The film was placed on the "pure" 
agarose at a distance of 0.5 cm from the agarose containing AS, and crossed i~unoelectro- 
phoresis was performed [6]. The plates were then washed, with "pressing": After incubation 
for 15 min in physiological saline the plates were covered with several layers of dry filter 
paper and placed for i0 min under a light press, then washed repeatedly with physiological 
saline for 1-2 h. The washed plates were treated with donkey antirabbit AS (to strengthen 
the precipitates) for 2 h at 37~ washed again, dried, and stained with Coomassie Blue 
R-250 (Serva, West Germany). 

EXPERIMENTAL RESULTS 

Clones grown in methylcellulose were isolated and the AFP levels in their culture media 
were determined by the AHAmethod. Clones with maximally high and maximally low AFP levels 
(eight clones) were selected for further culture and analysis. 

Two "contrasting" clones (E3 and HI), in which the AFP levels in the medium and the frac- 
tion of AFP-positive cells remained unchanged in the medium longest were studied in most de- 
tail (Fig. i). In the medium of one of these clones (E3, 7th and llth passages) the AFP con- 
centration was about 20 pg/ml, whereas the AFP level in the medium of the other clone (HI, 
9th and llth passages) was i00 times lower. The clones compared thus differed not in the 
presence or absence of AFP, but in the degree of its expression, i.e., they were variants 
for regulation of AFP synthesis. This conclusion was confirmed by experiments with reclon, 
ing of the "negative" HI clone: In all subclones of this culture tested (four first-order 
subclones and four second-order subclones) ADP was detected by AHA and immunofluorescence meth- 
ods, thus ruling out the possibility that clone HI could be contaminated by cells of the AFP- 
positive clone. 

The culture media of these clones were studied by immunoisotachophoresis. This method 
showed that clones E3 and HI differed not only in the absolute AFP content, but also in the 
ratio between AFP and the other serum proteins (Fig. 2A, B). Spectra of the ARSP secreted 
by these clones were similar, although the over-all level of protein synthesis was about four 
times higher in clone E3 than in clone HI. When AS against ARSP were used in a dilution of 
1:5, six peaks were detected clearly and reproducihly in the culture media of both clones. 
The pattern was unchanged if a mixture of culture media of these clones was used in the ex- 
periment, thus confirming the identity of the antigens secreted by clones E3 and HI (Fig. 
2C). One of these antigens was identified as transferrin by the addition of purified rat 
transferrin (generously provided by A. K. Yazova) to the medium: This led to a sharp in- 
crease in size of the corresponding peak (Fig. 2D). Addition of purified rat albumin to the 
medium led to the formation of an independent peak, which did not correspond to any of the 
peaks detected in the culture media (Fig. 2E). Albumin was not detected in the media of 
clones E3 and HI, whatever dilution of AS was used, confirming data in the literature [8] 
indicating that no albumin is secreted in cultures of McA-RH7777 cells. When high dilutions 
of AS against ARSP were used two additional peaks were discovered in the media of clones 
E3 and HI (Fig. 2F). 

The picture described above was observed in media of clone E3 at the 7th and llth pas- 
sages and in media~f clone HI at the 9th and llth passages. In the media of clone E3 at the 
18th and 19th passages there was a marked decrease in the AFP content while the other serum 
proteins remained at their previous level (Fig. 2G). 

The reasons for this equalization are not yet clear. It could be due to the rapid ac- 
cumulation of genetic variants differing in their level of AFP expression or to the control 
of this expression by nongenetic mechanisms. This problem is being studied by the writers 
at present. Whatever the case, however, it will be evident that the level of AFP production 
does not correlate with synthesis of other serum proteins which we detected and it is evi- 
dently controlled by an independent mechanism. 
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To determine optimal schemes of treatment the cell cycle of many strains of mouse and 
rat tumors has been studied. However, the cell kinetics of strains of human tumors trans- 
planted in nude mice, which are nowadays used to study methods of treatment of human tumors, 
has not yet been investigated. 

This paper describes a study of the duration of periods of the cell cycle and the pro- 
liferative pool of human tumor strains obtained previously by serial transplantations in nude 
mice [3]: melanoma, Ewing's sarcoma, carcinoma of the kidney, and Wilms' tumor. 

EXPERIMENTAL METHODS 

Nude BALB/c mice bred by ourselves and aged 1-1.5 months, underwent subcutaneous trans- 
plantation of strains of human tumors in 0.5 ml Eagle's medium in the ratio of 1:3. When 
tumor nodes measuring i000 mm 3 had formed the animals were given an intraperitoneal injection 
of 3H-thymidine (i ~Ci/g body weight, from "Izotop," specific activity 19.8 Ci/mole). To 
avoid differences due to circadian rhythms of mitosis in the tumors, the thymidine was in- 
jected always at the same time of day -- between ii a.m. and noon. Animals were killed 1 h 
later, and every 3 h thereafter for 36 h after injection of the labeled thymidine, 2-4 mice 
at a time for all transplanted strains. Altogether 130 nude mice were used. 

Material was fixed in Carnoy's fluid and embedded in paraffin wax; sections were cut 
to a thickness of 5 ~ and autoradiographs prepared. Light-sensitive type "M" emulsion (Pho- 
tographic Chemical Research Institute), heated to 41~ was applied to the sections 
in darkness. The sections were exposed to the emulsion for 5-6 weeks. They were then stained 
with hematoxylin and eosin. Cells were taken to be labeled if they had four granules or more. 
The number of labeled mitoses was counted in the superficial actively proliferating zones of 
tumor (not deeper than 300 ~), for it was only in that case that a curve of labeled mitoses 
with two distinct waves could be obtained. On the basis of the results of counting labeled 
mitoses graphs were plotted and the duration of periods of the cell cycle determined rela- 
tive to the 50% level of values of the labeled mitosis curve [I]. To calculate the prolifera- 
tive pool in the tumors the label saturation method [6] was used. 3H-thymidine was injected 
into the mice seven times at intervals of 6 h and the animals were killed 1 h after the last in- 
jection. The proliferative pool (Pc) was determined as the number of cells per i000 cells 
for the whole tumor, expressed in percent. 
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