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The lactate dehydrogenase isozyme spectrum was investigated in the mammary glands, 
lungs, spontaneous mammary gland tumors, and metastases of tumors in the lungs of 
female mice of the high-cancer strain C3H previously having given birth to young. 
Differences in the isozyme spectrum of the metastases and tumors were reflected in 
the larger fractions migrating to the anode in the metastatic nodes. The presence 
of a metastasis in the lung was accompanied by a cathodal shift in the isozyme 
spectrum of the lung tissues. 
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The isozyme spectrum of lactate dehydrogenase (LD) in tumors is known to differ from 
that of normal tissues by an increase in the activity of the cathodal fractions of the en- 
zyme [I, 3, 6]. So far as the state of the LD isozyme spectrum in metastases is concerned, 
information in the literature is very limited in quantity and contradictory in nature. 
Some workers have found a decrease in the activity of anodal fractions in metastases of a 
transplanted tumor compared with the tumor tissue itself [2, 5, 9], whereas others found no 
difference between the isozyme spectra of the tumor and its metastases [7, 8]. To under- 
stand the mechanisms of metastasization it is particularly interesting to study spontaneous 
tumors in animals, for these bear the closest resemblance to human pathology. 

The object of this investigation was to study the LD isozyme spectrum, using spontane- 
ous mouse mammary gland carcinoma as the model, not only in the primary tumors and metas- 
tases, but also in the tissues of the organ where the metastases appeared. The gathering 
of information in this field will give a deeper insight into the role of metabolic pro- 
cesses in metastasization. 

EXPERIMENTAL METHOD 

Experiments were carried out on female C3H mice, over 1 year old, which had produced 
young. The following groups were distinguished: i) intact females with no visible sign of 
a tumor, 2) females with a tumor, and 3) females with tumors and metastases. The mammary 
glands, lungs, mammary gland tumors, and metastases of the tumors in the lungs were inves- 
tigated biochemically. The LD isozyme spectrum was determined by Wieme's method in the mod- 
ification in [4]. A parallel morphological analysis of the material was made. Paraffin 
sections of the organs were stained with hematoxylin-eosin. 

EXPERIMENTAL RESULTS AND DISCUSSION 

The investigations showed that the LD isozyme spectrum in the mammary glands of intact 
animals was characterized by predominance of the cathodal fractions, especially LDs, a fact 
that is linked withthe intensive synthesis of M-subunits. Evidence for it is given by the 
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values of the coefficient ZM/ZH (2.5) and the ratio LDs/ 
LD, (5.4; Table i). An increase in synthesis of M-sub- 
unite and a decrease in the activity of the anodal frac- 
tions were observed in mammary glan d tumors, as reflected 
not only by an increase in the ZM/ZH coefficient to 3.7 
but also by a considerable increase in the LDs/LDz ratio 
(to more than three times its value in the intact ani- 
mals). To assess any possible pretumor changes in the 
potentially tumor-bearing animals the LD isozyme spec- 
trum in the mammary glands was studied in the absence of 
any visible neoplastic lesion. According to the indices 
of activity of the LD fractions they were found to oc- 
cupy an intermediate position between tumors and the 
mammary glands of intact mice (Table i). 

In mice with metastases the most characteristic fea- 
ture of the isozyme spectrum of the primary tumor focus 
was a sharp decrease, or sometimes the total absence, of 
LDI. A tendency was observed for the synthesis of M- 
subunits to increase further both in the tumor itself and 
in the opposite mammary glands in which no signs of neo- 
plastic lesions could be seen. As regards metastases, 
their isozyme spectrum differed from that of the primary 
tumor in having larger anodal fractions (ZM/ZH = 2.6 
compared with 4.1 in the tumors; P < 0.001). Meanwhile 
in the cathodal zone there was a marked decrease in LD4 
activity (17.7 Compared with 30.6 in the tumors; P < 
0.001). 

In the intact animals the LD isozyme spectrum of 
the lung (the organ most commonly affected by metastases) 
was distinguished by high LDs activity and also by a con- 
Siderable LDa value, characteristic of that organ. The 
appearance of a tumor in the body was accompanied by 
some redistribution of the enzyme activity among its frac- 
tions in the lung tissue: Activity of LD4 was increased 
and that of LD3 was reduced (P < 0.001). The appearance 
of metastases in the lungs caused a marked decrease in 
LD3 activity and also a marked cathodal shift, caused by 
an increase in synthesis of M-subunits (ZM/ZH = 2.4 com- 
pared with the normal 1.9; P < 0.001). 

The development of spontaneous mammary gland tumors 
in mice is thus accompanied by changes in the LD isozyme 
spectrum in the direction of increased activity of the 
cathodal fractions. The isozyme spectrum of metastases 
in the lungs is characterized by indices reflecting the 
distinctive isozyme spectrum of that organ, as shown by 
the higher activity of the anodal fractions in the metas- 
tases than in the tumors. The presence of metastases 
in the lungs is accompanied by a cathodal shift of the 
LD isozyme spectrum in the tissues of that organ, i.e., 
the spectrum changes in the typical direction for the 
primary tumor focus. 
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