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Enzymes in Relation to Cancer.

By Dr. Ing. Arnulf Purr.
(Biochemical Institute of the German Technical High School of Prague, Czechoslovakia,)

ARBURG’S researches! have shown
that the question of the character of
malignant growths is primarily a metabolic
problem. A consideration of the established
facts lead to the conclusion that metabolic
processes of the cancer cells bear a significant
relationship to the total metabolism of the
healthy organs closely. Future research
should consequently be directed to discover
the functional differences between the meta-
bolism of the entire tumour organism, and
that of the healthy organism, with a view
to elucidate the causes of the pathological
behaviour of the cancer cells.

Since the course and intensity of the meta-
bolic activity in the tumour and in the
tumour afflicted organism, is intimately bound
up with the enzymatic processes, it is obvious
that for understanding the character of
the malignant growth, it is essential to
obtain a clear knowledge of the wvarious
types of enzymes and the mechanism of
their activations. The results of experi-
ments carried out on various proteolytic
enzymes, described here, are intended to
act as a guide for further experiments in
the same direction.

The intracellular proteolytic enzymes were
studied in the tumours—carcinome and
sarcome, produced experimentally, and in
the organs of cancerous and healthy animals.
The pathological-anatomical analysis and
the fixation of their proportions in the total
substance, served as a basis for the compa-
rison of the growth-changes in the histo-
logically differing elements of the tumour-
tissue.* Of the enzymes examined, cathep-
sin shows a significant decrease with the
ageing of the tumours (increase in the
necrotic tissue) (¢f. Fig. 1). One can
consequently conclude that this enzyme is
confined almost exclusively to the parenchy-
matous tissue. The arginase, on the other
hand, hehaves differently; the quantity
increases considerably as necrosis proceeds.

‘1 0. Warburg, Ox
J. Springer, Berlin, 1926.

the Metaboiisrm of Tumiours.

* We distinguish between parenchymatous, fibrous and
necrotic proportional parts, ’

It appears, that the arginase is to be found
principally in the necrotic tissues and only
to a small extent in the growing tissues.
These facts, which were established by
Waldschmidt-Leitz, McDonald and colla-
borators? (1933) led the author to investigate
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further, the general distribution of the
enzymic systems in cancerous and healthy
animal tissues. In the first instance, atten-
tion was directed to the study of the enzymic
contents in the organs of healthy, cancerous
and cancer-immune animals.

Cathepsin studies with albino rats showed
(A. Purr, 1934)® that in healthy albino rats
(ordinary untreated laboratory rats) the
cathepsin content of the liver (measured as
full-activity with cysteine as activator) was
uniform ; the muscle-tissue was found to
be practically free from these enzymes.
Changes, worthy of note, occur only after
these rats have been successfully inoculated

2 E. Waldschmidt-Leitz, E. McDonald and collabo-
rators, Z. Fhysiol, Chem., 1933, 219, 115.

® A, Purr, Biockemie J., 1934, 28, 1907.
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with  transplantable rat—sarcome Phila-
delphia I; the cathepsin content of the
liver increases considerably and the muscle-
tissue exhibits appreciable catheptic activity.
It should be noted that the increases of the
catheptic enzyme concentration in the liver
and the muscle-tissue do not run parallel
with the decrease of the same in the ageing
cancerous tissue as measured by the increase
of the necrotic cells); on the contrary all
indications point to the fact that there is
a disturbance in the enzymatic metabolism.
Edelbacher and Merz* were able to establish
a similar behaviour in arginase, proving
that the presence of this enzyme was to be
found in the muscle-tissue of animals which
had been successfully inoculated with trans-
plantable cancer; they found however no
arginase in the musecle-tissue of normal,
healthy animals. It may be concluded,
therefore, that the increase in the quantity
of arginase points to a specific factor of
growth, which like the disturbed glycolysis
(known through the research work of
Warburg!) is characteristic of a malignant
growth ; the increased -catheptic activity
in the liver and muscle-tissue is also a
characteristic sign of a specific growth-
factor. A further noteworthy observation
may be mentioned in this connection; the
albino rats that had successfully resisted the
inoculated tumour had from the very
beginning more cathepsin in the liver and
in the musecle-tissue than the ordinary
untreated laboratory rats. Similar experi-
ments on the kidney-phosphatase of cancer-
registant rats led  F. Kohler® to analogous
results. It appears therefore that a higher
but well regulated enzymic metabolism is
characteristic of cancer-immune organisms.
These important observations indicate a
successful biochemical method of diagnosing
cancer in its incipient stages, a so-called
early diagnosis.

For a proper understanding of the change
of the enzymatic metabolic processes in the
tumour cells in relation to the organisms
which are resistant against inoculation, the
study of the activation phenomena for the
individual enzymes is important, not only
as regards their characterisation but also
as regards their collective and individual
disturbance within the organism as a whole.
Such studies should prove particularly
valuable for purposes of early diagnosis.

4 Kdelbacher and Merz, Z. Physiol. Chem., 1927, 171,
252.

5 F. Kohler, Z. Physiol. Chem., 1934, 223, 38.
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The study of these activat n changes,
carried out on the intercellular proteolytic
enzymes cathespin and papain, required 2
number of preliminary tests,® to which
special attention should be drawn since
they led to the standardisation of a method
for the determination of physiologically
active substances in the blood,? the applica-
tion of which rendered possible a comparison
between the intracellular metabolism of
healthy and cancerous organs. As a measure
of the concentration of such active principles,
the activation of papain brought about by
SH-groups has been adopted (¢f. Fig. 2).
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Fig. 2.

The progress of the activation of papain
through cysteine hydrochloride or possibly
glutathione has proved useful in estimating’
the latter substance on the basis of the
SH-group (¢f. Fig. 3). The employment
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S A. Purr, Biockem. J., 1935, 29, 5-20.
T A. Purr, Z. Physiol, Chem., 1934, 228, 198.
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