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SUMMARY

To elucidate possible relationships between 5'-nucleo-

tide phosphodiesterase and the growth rate of tumors,
Morris hepatomas of known growth rates provide ideal
models for this study. Using a sensitive fluorescent method
for the assay of this enzyme, it was found that all six hepa
tomas (7777, 7800, 7794A, H16, 9633, and 9618A) possess
higher levels of this enzyme than their corresponding host
livers. The enzyme level is also higher in regenerating liver
than in normal control. The tumor to host ratio of enzyme
activity provides a useful index for distinguishing between
fast- and medium- or slow-growing hepatomas. This study
indicates that 5'-nucleotide phosphodiesterase change may

be relevant to the growth patterns of hepatoma. Extension
of this approach to other animal tumors and human neo
plasm should therefore be of interest.

INTRODUCTION

While much has been done in the study of phosphomono-
esterase in normal tissues and neoplasms, relatively limited
work has been reported in the study of phosphodiesterase
distribution. In our laboratories, histochemical studies of
5'-NPDase2 have been carried out and it was interesting to

note that some tumors possess high activities in this en
zyme (3, 7, 8). Subsequently, biochemical assay of this
enzyme in human sera showed that a number of patients
did have a higher than normal level of this enzyme in their
sera (2). To take advantage of this possible enzyme dif
ference between normal tissue and neoplasm, a number
of phosphodiesters containing both indoxyl and a nucleo-
side antimetabolite were synthesized by us (7, 10) in the
hope that they may liberate a cytotoxic intermediate for
cancer chemotherapy. For this purpose, it would be de
sirable if there were an animal model system which we
could use for such experimental, preclinical study. Of
the different animal tumors we studied, the comparison of
5'-NPDase in various Morris hepatomas provided the

most useful data for our work. The results of this investi
gation seem to provide a useful marker for predictable
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growth characteristics which may be of interest for other
solid animal tumor systems. The present paper reports the
effects of this comparative study in 6 Morris hepatomas of
known growth rates.

MATERIALS AND METHODS

Animals. Tumor-bearing rats were obtained from Dr. H.
P. Morris at the Cancer Research Unit at Howard Uni
versity and air shipped to Philadelphia upon transplanta
tion. Hepatoma 7777 is a fast-growing tumor; 7794A and
7800 are medium growing, whereas H16, 9618A, and 9633
are slow-growing tumors. The 9633 tumor is a very slow-
growing tumor. Initially, this tumor was considered to be
the closest to that described by the minimum deviation
concept (6) since its chromosome number was normal (5).
This assignment has since been shown to be incorrect when
our recent sample was determined by Dr. P. Nowell to be
tetraploidy. Such chromosome change with no effect on
growth pattern after several generations of transplantation
is not unexpected (5). All tumors are transplanted in male
Buffalo rats, and the growth rate can be seen in Table I.

Regenerating Liver. PartiaJ hepatectomies were per
formed on male Lewis-Wistar rats from an inbred colony
maintained by Dr. E. E. Miller in our laboratory. Rats
about 5 to 6 months old were given light ether anesthesia
and approximately 70% of the liver was removed accord
ing to the method of Higgins and Anderson (1). Sham-
operated rats were also used to determine changes due to
the operation.

Preparation of Tissue Extract. The rats were sacrificed
by exsanguination under light ether anesthesia after fasting
overnight. To avoid possible circadian difference, the sac
rifice time was between 11 a.m. and 1 p.m. Livers and tu
mors were rapidly removed and immediately placed in
beakers immersed in an ice bucket. They were then care
fully dissected free of necrotic, hemorrhagic, and fibrous
material, and blood was blotted from the tissue. The tissue
homogenates were then made with 10 volumes of 0.05 M
Tris-HCl buffer (pH 7.4) at 0-4Â°and homogenized with a
Polytron homogenizer (Setting 4) for 1 min. The homoge-
nate was then centrifuged at 27,000 x g for 30 min in a
Sorvall refrigerated centrifuge. Recentrifugation of the
homogenate at the same speed for another 30 min was
necessary to remove the last trace of turbidity for fluoro-
metric assay. This supernatant can be stored at -20Â°for at
least 6 months without any appreciable loss of 5'-NPDase
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activity. The participate material still contains 5'-NPDase,

but it cannot be determined with the fluorometric assay.
Assay of 5'-NPDase. The fluorometric assay developed

previously by us for the sera activity of human patients was
used with minor modifications (2). The assay medium con
tains 2.0 ml of 0.05 M Tris-HCl buffer (pH 8.14), 100 n\
of tissue extract, and 100 n\ of 5.6 x 10~5 M 4-methyl-
umbellifery 5'-thymidylate. The increase in fluorescence
was recorded at 1-min intervals up to 10 min and plotted on
graph paper. The enzyme activity was obtained from the
slope of this linear plot. Since rat sera contain fairly high
activities of 5'-NPDase, 20 /il of serum were used in

each assay and the amount of buffer used in these cases
was 2.08 ml. Duplicates of the assays usually agreed to
within 10%.

For the study of enzyme difference during the growth of
the tumor, duplicates of the same tumor from 2 animals
were used in each experiment.

Protein Determination. Protein determinations were
made by the Lowry procedure as modified by Miller, using
bovine serum albumin as calibration standard (4).

Enzyme Units. The 5'-NPDase activity was calculated
as pmoles of 4-methylumbelliferone liberated per min per
mg protein at 37Â°.

RESULTS AND DISCUSSION

A preliminary study in several animal tumors in our
laboratories had shown that there was a variation in 5'-

NPDase activity of the same type of tumor if the tumor
samples were obtained at different stages of growth. There
fore, if one were to exploit a rationale based on the differ
ence of this enzyme in normal and tumor tissue for chemo
therapy, it would be necessary to determine such difference
throughout the growth period. Three hepatomas of differ
ent growth rates have been chosen for a detailed study in
this report.

The 5'-NPDase activity in the fast-growing hepatoma
7777 was found to have relatively little fluctuation through-

zoo-

Chart 1. A, growth curve of hepatoma 7777. â€¢¿�,
weight of rat; O, weight of tumor: [, death of rat oc
curred at these days. B, change of 5'-NPDase of hepa

toma 7777 and host liver as a function of time after
tumor inoculation. O, tumor; â€¢¿�,host liver.

out the tumor growth period (281 Â±11 pmoles/min/mg
protein). Host liver in 7777 varies slightly more (Chart 1).
They average 22.3 Â±8.9 pmoles/min/mg protein. Since
not all the samplings were obtained at the same time, this
standard deviation is to be expected. The mean value of
tumor to host liver enzyme activity is 15.2 Â±5.4.

The medium-growing hepatoma is represented by
7794A, which also was found to have significantly higher
5'-NPDase activity (p < 0.05) over that of the host liver.

It is interesting to note that the enzyme levels in both the
tumor and host liver rise at first to maximum levels around
60 to 80 days after tumor inoculation and then gradually
decrease to the initial levels (Chart 2). The significance of
this change is not known, but it is not due to our inability to
remove necrotic tissue completely. The parallel relation
ship of the enzyme activity change in tumor and host liver
suggests that the host livers are affected by host-tumor
interaction and are related to the neoplastic states of the
hepatoma. The mean value of tumor to host liver enzyme
ratio is 2.3 and is obviously smaller than that of the fast-
growing hepatoma 7777.

The slow-growing tumor is illustrated by 9633 (Chart 3).
This tumor was chosen because of its reported normal
karyotype at the beginning of this study, but it was later
found during this study to be tetraploidy. It is known that
both the number and karyotype of tumors can change
through transplantation (5), and yet the growth rate was
not affected. However, the fluctuation of 5'-NPDase ac

tivity in this tumor was then found to be rather pronounced.
If we accepted our assumption that this enzyme activity is
related to growth, the tumor might be going through cycles
of resting and growing periods throughout our observations.
In checking the weight of the tumor, there were no obvious
correlations to this explanation. There is yet the same par
allel relationship between the enzyme level of change of
tumor and host liver. The mean tumor to host liver enzyme
ratio is 5.9 and is smaller than that of 7777 but is similar to
that of 7794A.

Although there were not enough samplings for hepa
tomas 7800 (medium growing), H16 (slow growing), and
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Chart 2. A, growth curve of hepatoma 7794A. â€¢¿�,
weight of rat; O, weight of tumor. B, change of 5'-

NPDase of hepatoma 7794A and host liver as a function
of time after tumor inoculation. O. tumor; â€¢¿�,host liver.
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Chart 3. A, growth curve of hepatoma 9633. â€¢¿�,
weight of rat; O, weight of tumor. B, change of 5'-NPD-

ase of hepatoma 9633 and host liver as a function of time
after inoculation. O, tumor; â€¢¿�,host liver.
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96ISA (slow growing), the results obtained (Table 1) for
the 5'-NPDase in these tumors and their host livers are in

line with 7794A and 9633. Consequently, it may be possi
ble to use this ratio as an indicator of the growth potential
of the tumor, in spite of the fact that the tumor to host liver
ratio does not distinguish between medium- and slow-grow
ing tumors.

An examination of Table 1 also shows that the host livers
in the 6 hepatomas studied possess higher levels of 5'-

NPDase than the normal Buffalo liver. The differences
are noticeably so in 7794A and 9618A. On the other hand,
the serum enzyme levels of hepatoma-bearing rats are only
slightly higher than those of normal Buffalo rats. This find
ing is of clinical interest and requires further investigation
(2). As is also shown in this table, the 24-hr regenerating
liver displayed a dramatic increase in 5'-NPDase activity.
Since the sham-operated rats showed a slight decrease of
this enzyme compared to the control, this increase can not
be attributed to traumatic shock.

Perhaps 1 of the serious limitations which is inherent in
all biochemical studies of tumor enzymes is that it is not
yet possible to clearly define the sites of this enzymatic
change at cellular level. This difficulty is probably also re
lated to some of the enzyme activities in the particulate
fractions which contribute to the morbidity factors in our
determinations. For this reason, we have also sought to
study the histochemical localization of this enzyme (8).
Another factor in the enzyme assay is the presence of iso-
enzymes (9) and whether one or all of the 5'-NPDase iso-

enzymes are related to the tumor growth has yet to be de
fined.

CONCLUSION

5'-Nucleotide phosphodiesterase levels are elevated in 6

hepatomas and regenerating rat liver. Moreover, in host
liver this enzyme level also alters in relation to the growth

JUNE 1974 1297

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2392362/cr0340061295.pdf by guest on 19 M

ay 2023



K. C. Tsou et al.

Table I
5'-Nucleolide phosphodiesterase in normal, regenerating, and neoplastic ral liver

TissueHepatoma777778007794AHI69618A9633NormalSham

operated24-hr
regeneratingStrainBuffaloBuffaloBuffaloBuffaloBuffaloBuffaloBuffaloLewis-WistarLewis-WistarLewis-WistarGrowth

rateFastMediumMediumSlowSlowSlowVI

nrtfINO.
OIobserva

tions911513958335'-Nucleotide

phosphodiesteraseactivity"Tumor281

Â±11'66.4126

Â±6259.3204

Â±55120
Â±75Host

liver
orliver22.3

Â±8.914.059.1

Â±24.314.469.7

Â±3.524.9
Â±22.84.3

Â±1.09.7
Â±2.46.5
Â±2.267.5
Â± 8.2Serum60.9

Â±15.5N.D."96.4

Â±30.756.858.5

Â±18.180.0
Â±11.251.2

Â±4.3N.D.N.D.N.D.Tumor*/

hostliver15.24.72.34.13.65.96Â±

5.4Â±

0.9Â±

1.7Â±
3.5.<f

" In pmoles/min/mg protein.
* Mean Â±S.E. of individual tumor/host liver ratio.
' Mean Â±S.E.
" Not done.
' Regenerating liver to normal liver ratio.

of hepatoma. A study of the ratio of the tumor enzyme to
host liver provides an interesting and useful marker for the
growth rate of hepatomas. Further investigation of the pres
ence of this enzyme and its changes in other tumors should
be rewarding.
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