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Enzymatic characteristics of tubular adenomas
and carcinomas of the large intestine
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SUMMARY Enzyme activities in homogenates of the large intestine were measured in biopsies from
11 tubular adenomas and six carcinomas and from the corresponding normal mucosa of each
individual. A similar and significant increase was found in the total activities of glucose-6-phosphate
dehydrogenase (G 6 PD), pyruvate kinase, and lactate dehydrogenase in adenomas and carcinomas
as compared with the levels of normal mucosa. The lactate dehydrogenase isoenzyme patterns
showed also a marked and similar change in the adenomas and carcinomas with a significant
increase of lactate dehydrogenase M-monomers. Most of the adenomas showed slight to moderate
dysplasia. The results indicate that the measurement of total G 6 PD, pyruvate kinase and lactate
dehydrogenase activities for screening purposes has no predictive value in separating non-

premalignant from premalignant adenomas. Moreover, it seems that the enzymatic characteristics
of malignancy are present even in tubular adenomas. This is in agreement with the theory of a polyp-
cancer sequence.

Tubular adenomas are believed to be precursors of the
majority of carcinomas of the large intestine.'`3 Pre-
vious studies have demonstrated a high prevalence of
tubular adenomas compared with carcinomas in the
European as well as in the American population above
50 years of age.' 4-6 This suggests that only a few aden-
omas become malignant, and that the prognosis of
adenomas may vary, despite similar histological
appearance.

It is well established that the patterns of enzyme
activities in cancer are different from those of normal
tissue. This has been partly attributed to an altered
gene expression. Enzymatic changes have been shown
in transplantable cancers in laboratory animals,7 8 as
well as in various tissues of humans.9-'2 Where the colon
is concerned, the total activities of G 6 PD, lactate
dehydrogenase and pyruvate kinase have been shown to
be higher in cancer than in normal mucosa.9 13 14
Mate et al.`5 found an increase in the relative amounts
of lactate dehydrogenase M-monomers, and
Langvad`6 found a significant rise in the lactate
dehydrogenase4/lactate dehydrogenase, ratio of
colonic cancer.
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Oslo 1, Norway.
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As far as we know enzyme activities have not been
measured in homogenates from tubular adenomas of
the colon. The present study was carried out in order to
see whether the above-mentioned difference in prog-
nosis of tubular adenomas might be apparent from a
shift in their enzyme patterns.

Methods

Polyps were removed by sling resection, and biopsies
from carcinomas and, for comparison, from normal
mucosa were taken during routine colonoscopy. Biop-
sies from the normal mucosa were always taken more
than 5 cm from the tumour. The specimens were
quenched. When kept on ice, the polyps were cut, and
two pieces from the parietal part of the polyp and sam-
ples from the other materials were stored within two
hours at -70°C. The rest of the polyp, including the
stalk, and biopsies from normal mucosa and cancer
were kept in 4% formol fixation before histological
examination. Tubular adenomas were graded as slight,
moderate, and severe dysplasia.

ENZYME EXAMINATION
Tumour and the corresponding normal mucosa were
analysed at the same time. All preparations were done
on ice. Each biopsy was homogenised by four strokes in
a Potter Elvehjem homogeniser. The homogenates
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were centrifuged at 17500 g/min at 40C. The activities
ofG 6 PD, pyruvate kinase and lactate dehydrogenase
in the supernatants were assayed at 37°C on 8600
LKB reaction rate analyser. All measurements were
done in duplicate. G 6 PD was measured according to
the method of Kornberg and Horecker,'7 lactate dehy-
drogenase according to the Scandinavian recommen-
dations, 8 and pyruvate kinase according to Beisenherz
et al.`9
The lactate dehydrogenase isoenzyme pattern of the

supernatants (aliquots frozen to -700C immediately
after preparation) was assayed after thawing on the
next day in duplicates on agarose (Litex) gel elec-
trophoresis in 0.05 mol/l veronal buffer at pH 8-6. The
plates were stained according to the procedure of Ros-
alki,20 and scanned on a Vitratron TDL-100 scanner.
The relative amount of M-monomers in the superna-
tant was calculated from the scans.
The protein content in the supernatant was measured

by the method of Lovry et al.2 Only aliquots containing
more than 0-15 g/l of protein in the supernatant were
included in the material. The average protein concen-
tration in the supernatants of the polyp group was 0.79
± 0.30 g/l, in the corresponding normal mucosa group
0.45 ± 0.28 g/l, in the supernatants of the carcinoma
group 0-97 ± 0*25 g/l, and in the corresponding normal
mucosa group 0X78 ± 0.26 g/l.

CALCULATIONS
Wilcoxon's test for paired comparisons was used to
determine the difference in enzymatic activities of nor-
mal and neoplastic lesions. The statistical analysis were
based on mean activity values ± standard deviations
(SD). P values less than 0.05 were regarded as
significant.
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Results

Histologically, eight polyps showed slight to moderate
dysplasia. One polyp showed areas of severe dysplasia,
and two polyps showed general severe dysplagia.

G 6 PD, PYRUVATE KINASE, AND LACTATE
DEHYDROGENASE
G 6 PD, pyruvate kinase and lactate dehydrogenase
activities in the supernatant of adenomas as well as of
carcinomas were found on the average to be increased
compared with the activities ofnormal mucosa (Fig. 1).

In adenomas the G 6 PD increased in all individuals
with an average of about 65% (mean activity from 26.6
± 10 to 43.5 ± 4 U/g, P<0.002), the pyruvate kinase
increased in 10 of 11 individuals with an average of
about 185% (from 262 ± 237 to 752 ± 345 U/g,
P<0-004), and the lactate dehydrogeniase increased in
nine of 11 individuals with an average of about 50%
(from 779 ± 222 to 1171 ± 306 U/g, P<0.005). All
enzymes showed overlapping of the total activities
between normal mucosa and adenomas (Fig. 1).

In carcinomas the G 6 PD activity increased in all of
six individuals with an average of about 85% (from 30.5
± 6 to 56.2 ± 17 U/g, P<0.02). The pyruvate kinase
activity increased in five of six individuals with an aver-
age of about 35% (from 492 ± 211 to 659 ± 87 U/g,
P<0.04), and the lactate dehydrogenase increased in
all individuals with an average of about 35% (from 799
± 1 16 to 1077 ± 165 U/g, P<0.02). Overlapping was
also found in this group (Fig. 1).

LACTATE DEHYDROGENASE ISOENZYMES
Lactate dehydrogenase isoenzymes in the supernatant
of adenomas and carcinomas also showed parallel
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Fig. 1 Enzyme activity of
G 6 PD, pyruvate kinase,
and lactate dehydrogenase
expressed as U/g protein in
homogenatesfrom tubular
adenomas (A), carcinomas
(C), andfrom normal
mucosa (N) of the same
individuals.
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Table Activity oflactate dehydrogenase M-monomeres in
supernatant oftubular adenomas (A) and ofcarcinomas (C)
compared with normal mucosa (N) (expressed in percentage
oftotal lactate dehydrogenase activity)

Adenomas Carcinomas

N A N C

52 52 50 60
48 59 48 57
54 61 46 62
51 63 49 61
49 62 45 60
55 56 55 55
52 71
53 71
43 59

50.8 ± 4 61-6 ± 6 48.7 ± 3 59.2 ± 3
P<0-002 P<0-02

changes in their activities (Fig. 2). Compared with that
in the corresponding normal mucosa, the M-monomer
activity in adenomas increased in eight of nine individ-
uals and in five of six individuals of the carcinoma group
(Table). The activity remained unchanged in one
specimen of each group. The increased M-monomer
activity caused an increase in the lactate
dehydrogenase4/lactate dehydrogenase2 ratio from
0-85 ± 0-2 in normal mucosa to 2.8 ± 1-4 in adenomas
(P<0.002), and from 0.72 ± 0.3 in normal mucosa to
1-76 in cancers (P<0.02).

Discussion

By the comparatively crude biopsy and preparation
technique used in the present study, a considerably het-
erogenity must be expected with regard to the tissue
and cell composition that the final preparations reflect.
This holds true from patient to patient, and even from
sample to sample of basically the same material. Cau-

Fig. 2 The lactate
dehydrogenase isoenzyme
pattern of tubular adenomas
and carcinomas of the large
intestine, compared with
corresponding normal
mucosa.
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tion must therefore be exercised when interpreting the
results. From a diagnostic point of view, however, we
consider the heterogenity of less importance, and the
technique was chosen to be simple enough to carry it out
on a routine basis. With this technique, we have found
in polyps a significant increase ofG 6 PD, pyruvate kin-
ase, and total lactate dehydrogenase and lactate dehy-
drogenase M-monomers compared with that in normal
mucosa. Similar changes have also been shown in the
cancer group, the latter being in accordance with pre-
vious studies.9 12 4-16 Thus, examination ofenzyme activ-
ities does not seem to separate tubular adenomas from
cancer.

Studies on cell cycle parameters in the human
colon,24 and histochemical analysis of hydrolytic, pro-
teolytic, and respiratory activities of cells,25 have not
given support to the concept of tubular adenomas as
precancerous lesions. The present study, for the first
time, shows corresponding enzymatic changes in homo-
genates from tubular adenomas and carcinomas. The
results may indicate that changes in the glycolysis or
pentose metabolism may be essential mechanisms for
the development of cancer.
The somewhat higher mean activity of M-monomers

corresponding to higher lactate dehydrogenase4/
lactate dehydrogenase2 ratio found in preparations of
adenomas compared with carcinomas is due to the high
M-monomer activity of the two adenomas with
general severe dysplasia (71% in both cases, Table).
The possibility of a transient increase of M-monomers
during malignant transformation needs to be further
investigated.

Although we have demonstrated that tubular aden-
omas and carcinomas have common enzymatic pat-
terns, additional studies are needed to clarify the role of
the present parameters in the development of carci-
noma of the colon.
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