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Elevated amounts of methylated bases in tRNA's prepared

from animal tumors have been demonstrated in classical works
(2, 3). Relatively high values have been also found in HeLa
cells (12).

On the other hand, high levels of tRNA methylase activity
have been shown in a series of different types of neoplastic
tissues (6-9, 13-15, 18-20).

However, normal and leukemic rat spleens do not exhibit
changes either in the amount of some methylated nucleotides
in tRNA or in the substrate specificity of the tRNA
methylases, although methylase activity is higher in neoplastic
material (1). Furthermore, the changes in tumor material were
ascribed to possible variation in the concentration of
ammonium ions (10). Changes in both capacity and specificity
of the methylase from tumors (6, 13, 18) might reflect
qualitative modifications, according to the hypothesis of
aberrant methylation in neoplasms (16, 17). Nevertheless, such
variations could be interpreted as primarily related to growth,
thus excluding any causative factor in the carcinogenesis (4
11).

Brain tumors present patterns of tRNA methylation that are
in accord with the tRNA overmethylation hypothesis,
although there is no evidence that the phenomenon necessarily
represents a causal factor in the fundamental characteristics of
the cancers.

This paper reports some of the findings on 68 surgically
removed human brain tumors. Comparative evaluations with
human normal brain were done with 6 right frontal poles
obtained by surgery in patients subjected to lobectomy during

operations for aneurysms of the anterior communicating
artery.

Nucleoside Composition of the tRNA's

Unfractionated tRNA from all types of tumors contains a
larger amount of methylated nucleosides than those obtained
in normal brain. Table 1 reports the values related to the
neuroectodermal tumors. The overall increase is particularly
marked in the glioblastoma. In the gliomas, there is a
correspondence between the degree of tRNA methylation and
the degree of malignancy (21, 24). Although some
compounds, such as ribothymidine, are not elevated in all
tumors compared with normal brain, there is an increase in
tumor material of the total methylated nucleosides.
Nevertheless, in a given tumor tRNA, the individual increase is
not necessarily proportional to the total increase. Some
compounds, such as 1-methylguanosine and 1-methylinosine,
can reach values many times higher than those in normal brain.
Thus, it is unlikely that the values obtained in unfractionated
tRNA of brain tumors are due to a proportional increase of
the more highly methylated fractions (5), possibly unaltered in
their primary structure. It is well known that overmethylation
affects the secondary structure and, at least under some
experimental conditions, the biological properties of the
polynuceotides. With brain tumor tRNA's there is some

evidence for variations in the secondary structure, although
not directly related to the degree of methylation (22, 23). The
most important finding is represented by the variations of the

Table 1
Methylated nucleosides in tRNA 'sfrom human brain and brain tumors

Astrocytoma Oligodendroglioma

Nucleosides(M%M)5-MethylcytidineTV6

-MethyladenosineyV6
-Dimethyladenosine1

-MethyIguanosineN1
-MethylguanosineA^
-DimethylguanosineRibothymidine1-Methylinosine2'-O-Methylcytidine2'-0-Methyladenosine2'-O-Methylguanosine2'-O-MethyluridineTotalNormal

brain
frontallobe0.120.180.120.020.320.540.320.020.120.040.250.032.08Medullo-blastoma0.260.450.360.460.740.520.080.320.260.060.300.053.86Spongio-blastoma0.720.540.320.880.721.040.360.040.200.080.380.125.40GradeI0.240.520.320.480.900.760.640.360.140.080.260.044.74GradeIIIII0.640.860.560.840.620.980.420.140.480.350.840.407.13GradeI0.330.380.320.570.720.660.510.150.180.120.440.164.54GradeIIill0.300.620.450.520.640.730.360.160.370.160.600.325.23Glioblastoma0.721.140.681.581.861.130.620.270.580.420.900.4610.36Neuri-noma0.360.280.280.420.330.480.210.020.300.170.640.353.84
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Chart 1. tRNA methylase activity of three astrocytomas, with the
use of tRNA from E. coli K-12 (â€¢â€”â€¢)and tRNA extracted from
another astrocytoma (*â€”*). Substrate, 2.5 mg/ml; proteins, 6 to 10
mg/ml; incubation time, 12 and 45 min. The values are expressed as
Miumoles(vnM) ' 4CH3 incorporated in 1 mg tRNA by 1 mg protein;

average of 3 to 5 evaluations.

Table 2
Specific activity of tRNA methylase from glioblastoma, with the use

of tRNA from different sources and proteins as rate limiting

14CH3

MMtnoles/mg
tRNA/mg

Substrate protein/45 min

E. coli K-12 tRNA 19
E. coli K-12 tRNA already methylated by normal brain

with proteins as rate limiting and reextracted
at the end of the first incubation 28

E. coli K-12 tRNA already methylated by glioblastoma
with proteins as rate limiting and reextracted
at the end of the first incubation 53

Glioblastoma tRNA 22
Astrocytoma tRNA already methylated by glioblastoma

with proteins as rate limiting and reextracted
at the end of the first incubation 11
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Chart 3. Effect of the protein concentration on the incorporation of
"*CH3 into unfractionated tRNA from a human oligodendroglioma

(0.1 mg/ml). Astrocytoma, â€¢ â€¢; glioblastoma, * *
meningioma, *-â€¢-*.

dpm
1011(1

Chart 4. The effect of additional tumor extracts to a system in which
tRNA (0.1 mg/ml) from a human glioblastoma (Tumor A) was
incubated with extracts (10 mg/ml proteins) from another glioblastoma
(Tumor B, *-*). Aliquots corresponding to 0.01 mg tRNA were
taken after 15, 30, and 45 min, respectively. After 45 min, the system
was divided in 2 parts; extracts (10 mg/ml proteins) from the same
glioblastoma previously used (Tumor B) and from a 3rd glioblastoma
(Tumor C, â€¢-- - -â€¢)were added separately. Aliquots corresponding to
0.01 mg tRNA were taken after 60, 75, and 90 min from both systems.

dpm
lOOOr ,-'

â€¢ proteins
OS I 3 5 10
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Chart 2. Effect of the protein concentration on the incorporation of
I4CH3 into E. coli K-12 tRNA (0.1 mg/ml). Normal brain, Xâ€”X;
astrocytoma, â€¢- Â»,glioblastoma, * *.

15' 30â€¢ 45' 60' 75' 90'

Chart 5. The same as in Chart 4, except that tRNA from an
astrocytoma was used as substrate and incubation was performed with
extracts from a glioblastoma (*-*) and from another astrocytoma
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relative intensity of the band at 1685 cm ' in the infrared
spectrum of deuterated tRNA's from different types of

tumors. Although the interpretation of the band still remains
uncertain, such variations are connected with variations in base
pairings. Thus, it is tempting to assume that changes in the
strands-loops structure occur in tumor tRNA's.

tRNA Methylase Activity

With tRNA from Escherichia coli K-12 as substrate and
rate-limiting amounts of proteins, higher activities have been
found in all types of tumors than in normal brain. However,
these differences do not correspond to those found in the
nucleoside composition of the tRNA of the same types of
tumors. Furthermore, no direct connection exists between the
methylase activity and the rate of growth of a given type of
tumors. In the same system, with tRNA prepared from
different types of brain tumors, methylation always occurs
both in cases in which substrate and methylase were prepared
from tumors of the same histological type and in cases in
which the tumor types were different. However, the values
obtained in several experiments with tumor tRNA are very
scattered, sometimes being higher than those obtained with
bacterial tRNA as substrate. Chart 1 shows some of these
differences in astrocy tomas. Several kinds of experiments with
different parameters further demonstrate remarkable
methylase activities with a wide range of substrates. Bacterial
tRNA's, already methylated by different types of tumors, have

proved a good substrate for further methylation by tumors of
the same or different type. Furthermore, the methylase
activities are in general higher with this type of substrate than
with the bacterial tRNA alone. Similar findings result from
experiments in which tumor tRNA, already methylated by
different tumors, is methylated again in a further incubation.
Table 2 reports some of these findings, regarding the
glioblastoma. The rate of methylation for a given type of
tumor is not necessarily proportional to the degree of
methylation of the substrate. Thus, it is possible to assume
with some confidence that the characteristics of the substrate,
possibly induced by methylation but not directly related to
the degree of that, might affect the methylase activity.

tRNA Methylase Capacity

With rate-limiting substrate, extracts from tumors methylate
bacterial tRNA to an extent 3 to 4 times higher than do
extracts from normal brain (Chart 2). Furthermore,
methylation takes place with tumors even if tumor tRNA is
used as substrate (Chart 3). This is a consistent occurrence
irrespective of the type of the neoplasm which is the source of
the methylases or the tRNA. Moreover, with some tumor
tRNA, the values are higher than with bacterial tRNA as
substrate.

Thus, the extent of the in vitro methylation is not
necessarily connected with the degree of methylation of the
tRNA used. Differences in the extent of reaction between
normal and tumor methylases and further methylation of
homologous substrates by tumor extracts support the

hypothesis of a change in specificity and/or an increase in the
variety of the tumor methylase.

Several types of experiments with sequential incubation of
both bacterial and tumor tRNA's further confirm this

assumption. Charts 4 and 5 reproduce typical findings
obtained under these conditions. From this, it can be assumed
that a shift in the specificity occurs within a single type of
tumor.

Thus, there is evidence that tumor preparations not only
methylate both homologous substrates (13), producing
characteristic changes in the methylation pattern (8) and
heterologous substrates already saturated with respect to
normal homologous tissue (18), but they can also do it with
homologous tumor substrates in their original form or already
methylated by tumors. Both rate and extent seem to be
affected by the structure of the substrate, not necessarily in
direct proportion to the degree of methylation.

Conclusions

Unfractionated tRNA's of human brain tumors are

overmethylated compared with human normal brain. Although
the amount of methylated nucleosides is in some
correspondence with the intrinsic malignancy and the rapidity
of growth in "differentiated" gliomas, no connection exists
as regards "undifferentiated" tumors, such as medulloblastoma

and spongioblastoma. In the same way, rapidity of growth is
not connected with either tRNA methylase activity or
capacity. On the other hand, the findings on the extent of the
reaction and the sequential methylation of homologous
substrates suggest that a shift in the specificity occurs in tumor
material (25). As it has been already pointed out by Tsutsui et
al. (18), there is no evidence that such phenomena represent a
causal factor rather than a concomitant one in carcinogenesis.
However, the patterns of tRNA methylation in human brain
tumors strongly support the hypothesis that overmethylation
plays an important role in the biology of these neoplasms.

REFERENCES

1. Baguley, B. C., and Staehelin, M. Substrate Specificity of
Adenine-specific Transfer RNA Methylase in Normal and Leukemic
Tissues. European J. Biochem., 6: 1-7, 1968.

2. Bergquist, P. L., and Matthews, R. E. F. Distribution of Methylated
Purines in Cell Fractions from Mouse Liver and Tumour. Biochim.
Biophys. Acta, 34: 567-569, 1959.

3. Bergquist, P. L., and Matthews, R. E. F. Occurrence and
Distribution of Methylated Purines in the Ribonucleic Acids of
Subcellular Fractions. Biochem. J., 85: 305-313, 1962.

4. Breier, B., and Holley, R. W. Enzymatic Methylation of Transfer
RNA by Extracts of Polyoma Virus-transformed Cells. Biochim.
Biophys. Acta, 213: 365-370, 1970.

5. Craddock, V. M. Methylation of Transfer RNA and of Ribosomal
RNA in Rat Liver in the Intact Animal and the Effect of
Carcinogenesis. Biochim. Biophys. Acta, 195: 351-369, 1969.

6. Gallagher, R. E., Ting, C. Y., and Gallo, R. C. Transfer RNA
Methylase Alterations in Polyoma Transformed Rat Embryo
Culture Cells. Proc. Soc. Exptl. Biol. Med., in press.

7. Gantt, R., and Evans, V. J. Comparison of Soluble RNA Methylase
Capacity in Paired Neoplastic and Nonneoplastic Cell Lines in
Vitro. Cancer Res., 29: 536-541, 1969.

MAY 1971 607

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2388146/cr0310050605.pdf by guest on 19 M

ay 2023



Giuseppe L. Viale

8. Hacker, B., and Mandel, L. R. Altered Transfer RNA Methylase
Patterns Induced by an Avian Onchogenic Virus. Biochim.
Biophys. Acta, 190: 38-51, 1969.

9. Hancock, R. L. Utilization of L-Methionine and
S-Adenosyl-L-methionine for Methylation of Soluble RNA by
Mouse Liver and Hepatoma Extracts. Cancer Res., 27: 646-653,
1967.

10. Kaye, A. M., and Leboy, P. S. Methylation of RNA by Mouse
Organs and Tumors: Ionic Stimulation in Vitro. Biochim. Biophys.
Acta, 757: 289-302, 1968.

11. Kit, S., Nakajima, K., and Dubbs, D. R. Transfer RNA Methylase
Activities of SV40-transformed Cells and Cells Infected with
Animal Viruses. Cancer Res., 30: 528-534, 1970.

12. Iwanami, Y., and Brown, G. M. Methylated Bases of Transfer
Ribonucleic Acid from HeLa and L Cells. Arch. Biochem.
Biophys., Â¡24:472-482, 1968.

13. Mandel, L. R., Hacker, B., and Maag, T. A. Increased Transfer RNA
Methylase Activity in a Liver Tumor from Chicks with Marek's

Disease. Cancer Res., 29: 2229-2231, 1969.
14. Mittelman, A.. Hall, R. H., Yohn, D. S.. and Grace, J. J. The in

Vitro soluble RNA Methylase Activity of SV40-induced Hamster
Tumors. Cancer Res., 27: 1409-1414, 1967.

15. Silber, R., Bergman, E., Goldstein, B., Stein, H., Faruhan, G., and
Berlino, R. Methylation of Nucleic Acids in Normal and Leukemic
Leukocytes. Biochim. Biophys. Acta, 123: 638-640, 1966.

16. Srinivasan, P. R., and Borek, E. Enzymatic Alteration of Nucleic
Acid Structure. Science, 145: 548-553, 1964.

17. Srinivasan, P. R., and Borek, E. Enzymatic Alteration of
Macromolecular Structure. Progr. Nucleic Acid Res. Mol. Biol., 5:
157-189, 1966.

18. Stewart, M. J., and Corrance, M. H. The Methylation of Transfer
RNA in Vitro by Extracts of Normal and Malignant Tissue. Cancer
Res., 29: 1642-1646, 1969.

19. Tsutsui, E., Srinivasan, P. R., and Borek, E. t-RNA Methylase in

Tumors of Animal and Human Origin. Proc. Nati. Acad. Sei. U. S.,
56: 1003-1009, 1966.

20. Turkington, R. W., and Riddle, M. Transfer RNA-methylating
Enzymes in Mammary Carcinoma Cells. Cancer Res., 30: 650-657,
1970.

21. Viale, G. L. Overmethylated t-RNAs in Human Gliomas. Riv.
Neurobiol., Â¡5:505-516, 1969.

22. Viale, G. L. Biochemical Patterns in Brain Tumors. HI. Transfer
Ribonucleic Acid. Acta Neurochir., 21: 123-137, 1969.

23. Viale, G. L., and Fondelli Restelli, A. Ricerche di
Spettrofotometria in Infrarosso su s-RNA di Tumori Cerebrali.
Tumori, 53: 323-329, 1967.

24. Viale, G. L., Fondelli Restelli, A., and Viale, E. Basi Metilate dei
t-RNA di Tumori Cerebrali. Tumori, 53: 533-539, 1967.

25. Viale, G. L., Kroh, H., Grosso, G., and Genia, V. Metilazione
Aspecifica dei t-RNA in Tumori Cerebrali. Acta Neurol., 25:
182-183, 1970.

Discussion

Dr. Muench: I wonder how much t RNA you obtain from a
given weight of normal brain.

Dr. Viale: From a lobectomy, we can obtain 100 g of brain
tissues. This is 8 to 10 mg of tRNA.

Dr. Muench: Do you have a special purification procedure?
Dr. Viale: No. We use a modification of the procedure with

phenol extraction from the pH 5 fraction.
Dr. Bernfield: I am wondering whether or not there are

sufficient amounts of homologous tRNA in the methylation in
the enzyme preparation to make it difficult to interpret these
secondary incubations, double enzyme treatments.

Dr. Viale: Yes, 1 agree with you, if you refer to the
endogenous tRNA possibly present in small amounts in the
methylase preparations. But we must keep in mind that our
first purpose is to find a scheme that can be suitable for
clinical purpose, for diagnostic purpose. In the double
incubation, one employs the same quantity of proteins from
different tumors; you can find very often a large difference
between the incorporation of the first experiment and the
incorporation of the second experiment. And I think this is
significant.
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