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SUMMARY

Rats bearing Morris liepatoma 7800 and Morris hepatoma
7777 have serum protein compositions which differ from
normal rats. There is a slight decrease of albumin and an
increase in a-globulin proteins in the circulating blood of the
tumor-bearing animals. The increase in a-globulin is larger than
would be expected if globulin would just compensate for the
slight decrease in albumin, resulting in increased protein levels
in the hepatoma-bearing animals.

Synthesis of serum proteins released into the circulating
blood was similar in host and normal rats. a-Globulin proteins
in tumor-bearing rats had a decreased rate of breakdown,
accounting for the absolute increase of these proteins.

The capacity of liver tissue and hepatoma tissue to
synthesize albumin differs 11-fold, with the hepatomas
showing the lower rate of synthesis. In vitro determinations
showed a 6- to 7-fold difference. Host liver had the same
synthetic capacity as normal liver. Both total protein synthesis
and albumin synthesis are inhibited by cycloheximide and
puromycin. The albumin synthesized by the hepatomas is
apparently not released into the circulating blood to any great
extent.

INTRODUCTION

Most mammalian cells in tissue culture require serum to
grow. Several reports indicate that cells transformed by viruses
have requirements for different serum factors than do
nontransformed cells (14, 23, 29). It has been shown that the
incorporation of thymidine-3H into liver DNA is enhanced by

a humoral factor present in the blood of partially
hepatectomized animals (15, 24). A recent report indicates
that a plasma fraction from tumor-bearing rats can stimulate
incorporation of lysine-'4C into a serum protein fraction in

isolated perfused rat livers (43). Several reports have also
appeared on albumin synthesis in tumor-bearing animals and
on serum protein profiles in tumor-bearing animals, as well as
in human cancer patients (2, 13,32, 33,38,40,42,46). These
reports generally agree that there is reduced albumin synthesis
in hepatomas, but they vary in evaluation of the relative
amounts of different serum proteins present in normal and
neoplastic conditions.
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In view of the fact that tumor cells might use certain serum
proteins preferentially, either as a growth factor or surface
mediator, and possibly may cause a change in the serum
protein profiles in tumor-bearing animals, we have studied the
amounts, the synthesis, and the degradation of several serum
proteins in rats bearing Morris hepatoma 7800 and Morris
hepatoma 7777.

MATERIALS AND METHODS

Materials and Animals

L-Leucine-4,5-3H (15 Â¿iCi/jimole), L-leucine-l-l4C (25
/Â¿Ci/jumole),and uniformly labeled L-amino acid-I4C mixture

(10 /uCi/jumole) were obtained from New England Nuclear,
Boston, Mass. Phosphoenolpyruvate and pyruvate kinase were
obtained from Sigma Chemical Company, St. Louis, Mo.
Purified rat albumin and chicken albumin, as well as some
antirat and antichicken albumin, were from Nutritional
Biochemicals Corporation, Cleveland, Ohio. Cycloheximide
(Actidione) was obtained from Upjohn Company, Kalamazoo,
Mich.

An original stock of animals bearing hepatomas 7800 and
7777 were obtained from Dr. Harold P. Morris, Howard
University Medical Center, Washington, D.C. Tumors have
been routinely transplanted in our laboratory in male Buffalo
rats obtained from Simonsen Laboratories, Gilroy, Calif. The
biology and growth properties of the hepatomas have been
described (26). A transplanting schedule of 4 weeks for
hepatoma 7777 and 7 weeks for hepatoma 7800 was
maintained. Animals bearing hepatoma 7800 between 58 and
63 generations and those bearing hepatoma 7777 between 74
and 85 generations were used. Transplants were made
bilaterally into thigh muscle. Rats were fed ad libitum, and no
weight loss of the tumor-bearing animals was observed by the
time the rats were used. Total tumor weight was
approximately equal to liver weight by the time the animals
were used. There was no significant difference in the weight of
normal livers and host livers at this time. Rats were 3 to 4
months old and weighed between 200 and 240 g. If tumors
grew larger in size and weight became substantially larger than
that of the host liver, animals lost weight rapidly. The
hepatomas were well vascularized, and only hepatoma 7777
occasionally had some small areas of necrotic tissue which
were carefully removed.
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Methods

Specific Activity of LeucyI-3H-tRNA. Animals were given
injections of leucine-3H and hepatomas and livers were

removed a short time after injection. Tissues were dropped
immediately into liquid nitrogen. For pulse times of less than
1 min, only 1 tissue could be removed at the time; separate
animals were used for the hepatoma or host liver tissue. A
pH 5.2 fraction was prepared from the tissues by the method
of Moldave (21). The specific activity of the leucyl-^H tRNA

was determined in 3 ways. Routinely, the pH 5.2 protein
fraction was washed 3 times with 0.02 M sodium acetate, pH
5.2, and then suspended in 0.05 M glycine-NaOH buffer, pH
9.5. The suspension was incubated at 37Â°for 30 min, brought

to a final concentration of 5% in perchloric acid, and
centrifuged. RNA (17) was determined on the pellet and
radioactivity was determined in the supernatant after
neutralization with KOH and removal of KC104 by
centrifugation. Radioactivity was estimated by counting 1-ml
samples in Aquasol (New England Nuclear) in a Packard
Tri-Carb liquid scintillation counter. Counting efficiency was
17%. Samples were counted 10 to 30 min, and background
was 15 to 20 cpm.

In the 2nd method, the pH 5.2 precipitate was extracted
with phenol (20), and the resulting RNA was separated on
sucrose gradients (11). RNA and radioactivity were estimated
in the fractions of the tRNA peak. Thirdly, the
phenol-extracted tRNA was separated on sucrose gradients,
brought to pH 9.5, and incubated at 37Â°for 30 min. RNA and

radioactivity were estimated as in Method 1.
Total Protein Synthesis in Vivo. Animals were given

injections in the tail vein with leucine-^H, and tissues were

removed at the times indicated. The tissues were dropped
immediately into liquid nitrogen. Portions of the frozen tissue
were weighed and homogenized in 10 volumes of 0.25 M
sucrose. Duplicate samples were removed into 5 ml of 5%
trichloroacetic acid containing 20 mg/ml Celile
(Johns-Manville Product Corporation, New York, N. Y.). The
samples were then placed on Whatman No. 1 filter paper discs,
to which 2.5 ml 5% trichloroacetic acid-Celile had been
added. The tubes were washed once with 5 ml 5%
trichloroacetic acid, and the filters were washed with 10 ml 5%
t ridilo roace lie acid, 5 ml 95% ethanol, and 5 ml elher. The
Celile, conlaining the acid-precipitaled prolein, was removed
into counting vials which were incubated at 60Â°for 10 min

after addition of 0.5 ml Hyamine 10X (New England Nuclear).
After addition of 10 ml scintillalion fluid, (4 g PPO and 50 mg
POPOP per liler) the samples were counted in a Packard
Tri-Carb liquid scintillation counter. Counting efficiency was
8%, background was 15 to 20 cpm, and samples were counted
10 to 30 min. Prolein delerminations (16) were also done on
the tissue homogenates.

Separation of Serum Proteins. The separation of the
albumin and the gross globulin fraction, as well as Ihe
electrophoretic procedure used to determine percentages of
electrophoretic serum fractions, has previously been described
(35). For determination of rates of serum synthesis in vivo,
leucine-3H was injected into the tail vein at 0 time, and

cycloheximide, 2 mg/100 g body weight, was given also by tail

vein injection at the times indicated for each rat. Blood was
removed by inlracardiac puncture 60 min after the injection of
label, and the specific activity of albumin, total globulin, and
a-globulin proteins were determined. The partial purification
of a-globulin proteins for synthesis and degradation study has
also been described (35). The final protein was dissolved in 1
N NaOH and reprecipitaled with trichloroacelic acid (5% final
concentration), washed twice with trichloroacetic acid, and
finally dissolved in 0.2 N NaOH. Aliquots were removed for
counting in Aquasol. Counting efficiency was 17%.

Albumin Synthesis by Liver and Tumor Tissue. For
determinalion of the amount of albumin synthesized by the
livers and hepatomas, animals were given injections of
leucine-3H, and microsomes were prepared from Ihe tissue, at

times indicated, according to Moldave and Skogerson (22).
The amount of total albumin in the microsomes and the
specific activity of the albumin were determined by anlibody
precipilation according lo ihe melhod described by Peters
(30). Antichicken albumin and anlirat albumin were prepared
from rabbils given injeclions of purified preparalions of
chicken or ral albumin. After washing, the final anlibody
complex was dissolved in 0.1 M Na2CO3, and absorbance al
278 nm was read in a Hitachi Perkin-Elmer
speclropholomeler. Amounl of albumin was calculated from a
standard curve of 20 lo-50 pg ral albumin precipilated wilh a
conslanl amounl of excess anlirat albumin. The amounl of
albumin in Ihe solulion lo be lesled was kepi between 20 and
50 /Kg.The protein was Ihen precipilaled wilh Irichloroacelic
acid, fillered, and counled as described for total proteins,
excepl lhat chloroform:melhanol (2:1) was subsliluled for
elhanol during the washing procedure. Counling efficiency was
8%.

Specificity of Albumin Precipitation. Ten mg of microsomes
were extracled as described in "MalcriÃ¡is and Melhods," and

0.8 ml of purified anlibody (10 mg/ml) was added lo each
sample. The precipilale was washed and dissolved in 0.06 ml
solulion containing 1.2% Tris, 1.5% dithiolhreitol, 1.0% SDS,2
and 12% glycerol (28) and boiled for 5 min. The SDS-treated
precipilales were chromatographed on 7% SDS polyacrylamide
gels wilh a E-C electrophoretic apparatus al 100 V and 100 ma
for 3 hr. The gel was cui inlo 2.5-mm slrips, which were
dissolved in 0.5 ml of hydrogen peroxide. After the addition
of 0.5 ml H2O, the samples were counted in 10 ml Bray's

solution (8).
For determination of synthesis in a cell-free system,

microsomes were prepared from unlrealed rats as described
above. A small lipid-free porlion of Ihe supernalanl was used
as Ihe cell sap. The microsomal pellets were rinsed 3 times
wilh 0.25 M sucrose. Incubalion procedures were essentially
those of Campbell et al. (10). Microsomes and cell sap were
adjusted to 24 mg/ml prolein, and Ihe incubation mixture
consisted of 0.7 juCi amino acid-14C mixture, 33 juM amino

acid mixture, 2 mM ATP, 10 mM phosphoenolpyruvale, 5 mM
MgCl2, 50 mM Tris-HCl (pH 7.8), 0.6 mM GTP, 50 mM
NH4S04, 50 /dg pyruvale kinase, 4.8 mg microsomes, and 4.8
mg cell sap, all in a final volume of 1 ml.

For lolal synlhesis in Ihe cell-free system, an aliquot was

2The abbreviation used is: SDS, sodium dodecyl sulfate.
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removed from the incubation mixture and precipitated with
trichloroacetic acid, and counts were determined as described
above. Results were expressed as cpm/mg microsomal protein.
For determination of the amount of albumin synthesized, the
incubation mixture was cooled and centrifuged at 100,000 X g
for 1 hr in a Spinco No. 40 rotor. There was no albumin in the
supernatant after centrifugation at 100,000 X g as determined
by antibody precipitation. The microsomes were then
processed as described above for microsomal in vivo synthesis.
The yield of albumin in this extraction procedure has been
estimated to be 80% (30). For quantitative determinations this
correction was applied.

Purity of Leucine-3H and Determination of Counting
Efficiency. Some of the leucine-3H was chromatographed on

paper (25) to determine that all the radioactivity was
associated with the amino acid. The leucine migrated as 1 spot,
and 98% of the radioactivity was associated with this spot. For
determination of counting efficiency, 0.01 /zCi of leucine-3 H

was dried in counting vials. Direct addition of hydroxide of
Hyamine 10X and scintillation fluid gave a 35% efficiency. If
protein dissolved in NaOH and Aquasol was added, the
efficiency was 17%. If Celile containing acid-precipitated cold
protein was added to the Hyamine-scintillation fluid,

efficiency was 8%.
Protein Degradation. For determination of the rate of

degradation of serum proteins, the disappearance of 14C label

from the proteins with time was determined. Rats received
12.5 AtCi leucine 14C per 100 g body weight at Day 0. Rats

were bled 1 hr after injection on Day 0 and on Days 1, 2, and
3 for later time points. Different rats were used for each time
point. The serum proteins in the circulating blood are
maximally labeled at 20 min after injection, making 60 min a
valid 0 time point. In addition we used a double-label
technique previously described (3). This method is useful in
obtaining a quick indication as to differences in turnover of 2
proteins. For this procedure, rats received 12.5 juCi
leucine-14C per 100 g body weight at Day 0 and 25 /iCi
leucine-3 H at the same time for the 0 time controls and again

at 3 days. Animals were bled 60 min after injection of the
leucine-3H. Sera were collected from all animals and albumin,
globulin proteins, and a-globulin proteins were separated.
Protein and radioactive measurements were made on each
sample, and the specific activity (cpm/mg protein) was
calculated. Counts were determined in a Packard Tri-Carb

liquid scintillation counter which was set so that no tritium
counts appeared in the 14C channel and 12% of the 14C

counts appeared in the tritium channel. The ratio of the
specific activity 3H:14C will then give an indication of a

difference in turnover between serum proteins from different
animals, as well as for 2 different proteins from the same
animal. The half-lives were determined by plotting the
percentage of 14C counts left at each time point, with the

counts found on Day 0 taken as 100%. For the double-label
experiments, corrections were made for different counting
efficiencies of the 2 labels to obtain a ratio of 1 for 0 time.

RESULTS

A comparison of sera from normal rats and rats bearing
hepatoma 7800 and 7777 is shown in Table 1. Blood from the
tumor-bearing animals was removed at a time after
implantation when tumors were usually transplanted, about 4
weeks for tumor 7777 and 7 weeks for tumor 7800. There is
3% more protein per ml serum in hepatoma 7800-bearing rats
and 8% more in hepatoma 7777-bearing rats than in the serum
of normal rats. It can also be seen that this difference is made
up entirely of an increase in the globulin proteins of the sera
from hepatoma-bearing animals. A slight decrease also appears
in the albumin fraction in those sera, and the increase in
globulin proteins might in part be necessary to offset this loss
to maintain serum osmolarity.

That the increase in the globulin proteins is to a great extent
due to an increase in the a-globulin fraction can be seen in
Table 2. Both a 1 and a 2 appear similarly increased. Some of
the increase in the globulin proteins seems to be due to a slight
elevation in the 7-globulin fraction. The amounts of albumin
and total globulins determined by the 2 methods,
trichloroacetic acid:ethanol precipitation and electrophoresis,
are in good agreement. It has been reported (18, 19) that most
serum proteins, with the exception of 7-globulin, are
synthesized in the liver. In this study we have concentrated on
the synthesis of albumin and a fraction that migrates on
electrophoresis as a-globulin in order to obtain some insight
into possible mechanisms for the observed shift in serum
protein patterns in tumor-bearing animals. Although 7-globulin
does also increase to a slight extent in those animals, it was not
studied, since 7-globulin is not synthesized in the liver and
presumably not in hepatoma cells.

Table 1
Amounts of albumin and globulin in normal and tumor-bearing rats

The procedure for separation of albumin and globulin has been referred to in "Materials and
Methods." Numbers are the averages of 12 different determinations and are given Â±S.D. For

statistical analysis, the Student t test was applied.

Normal
Hepatoma 7800
Hepatoma 7777Total

serum
protein

(mg/ml)73.8

Â±3.1
76.3 Â±2.6Â°
80.1 Â±3.5bSerum

albumin
and globulin
(mg/ml)72.2

Â±3.2
74.3 Â±2.9
78.5 Â±4.0Serum

recovered
(%)98

97.5
97.5Total

serum
albumin

(mg/ml)31.9

Â±2.6
27.9 Â±4. lb
27.4 Â±3.8bTotal

serum
globulin

(mg/ml)40.3

Â±1.7
46.4 Â±3.4b
51.1 Â±4.7b

Â°Significantly different from normal (p < 0.05).
b Significantly different from normal (p < 0.01).
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In the synthesis studies that follow, we have looked at liver
tissue from normal and tumor-bearing animals, as well as at
hepatoma tissue. If valid comparisons of in vivo measurements
of protein synthesis are to be made, it is necessary to
determine the specific activity of the precursor in liver and
hepatoma cells. We have previously reported measurements on
pool size in livers of old and young rats with the use of organic
solvent nuclei (35). A more direct precursor for protein
synthesis appears to be the aminoacyl-tRNA. The results of
such a study are shown in Table 3. The numbers indicate that
the label is almost equally available to liver and hepatoma
cells. On the average, there appears to be 1.1 times more label
in liver cells than in hepatoma cells. No attempt was made to
isolate leucyl-tRNA. The results are expressed as cpm
leucine-3H per mg total tRNA.

Table 4 shows the appearance of labeled serum proteins in
the blood. Cycloheximide is given at various times after
injection of label to prevent further protein synthesis. One
thus obtains a rate of protein synthesis even though all animals
are bled 60 min after injection of label. As the table indicates,
there seems to be no difference in the appearance of the label
in the circulating blood, and thus of the rate of synthesis of
albumin, total globulin proteins, and a-globulin proteins, if

normal and tumor-bearing rats are compared. The slight
difference observed in the numbers is most likely due to the
1.1-fold difference in the availability of label, apparent from
the specific activities of the aminoacyl-tRNA in Table 3.

It has been shown that hepatoma cells do synthesize

Table 2
Percentage of electrophoretic serum fractions in normal

and tumor-bearing rats

Electrophoresis and quantitation of bands has been described in
"Materials and Methods." The number are the average of 8 different

samples Â±S.D. For statistical analysis, the Student t test was applied.

Total sample separated by electrophoresis (%)

Serum fraction Normal Hepatoma 7800 Hepatoma 7777

Albumina-,
Globulina-2
GlobulinÃŸ-Globulinâ€¢y

-GlobulinTotal
globulins46.7

4.107.2
1.219.8

1.8711.5
1.8524.8
2.8153.3

Â±3.7940.7Â°

3.7111.6Â°
1.0710.5b
1.89.9b

1.4227.
3b2.4259.3a

Â±2.8936.2a

Â±2.6312.1a
Â±1.4512.3a
+0.6613.

lb Â±1.8426.
3b Â±1.8863.8a

Â±3.13

Significantly different from normal (p < 0.01).
1p > 0.05.

Table 3
Comparative availability ofIeucyl-3H-tRNA in liver and hepatoma tissues

The experimental procedure has been described in "Materials and Methods." Animals were
given injections of 50 iuCi leucine-3H per 100 g body weight. The values are the averages of the
different determinations indicated by the numbers in parentheses Â±S.D. The numbers were
obtained by the 1st method described. The pH 5.2 protein fraction was incubated directly in
glycine:NaOH buffer at pH 9.5.

Time of pulse
(min)

Leucine-3H (cpm/mg total tRNA)

Normal liver Host liver Hepatoma 7800 Hepatoma 7777

0.250.51.02.05.010.0(3)(4)(5)(4)(3)(4)1540175343641582188126825231420198517

361470

1843230408020901360208412174136620

461220Â±3180Â±3650

Â±2290
Â±1470
Â±618Â±152316231142106471260297037002370131068112263150211619

74

Table 4
Appearance of labeled serum proteins in the circulating blood

Animals were given injections of 10 juCi leucine-3H per 100 g at 0 time. At the times indicated the

animals were given injections of 2 mg cycloheximide per 100 g. Blood was removed 60 min after injection
of label. The numbers for each timepoint are the averages of 4 different determinations and did not vary
by more than 15%.

Albumin
(cpm/mg)Time

of injection
of cycloheximide(min)01251060Normalrat22653124251342Hepatoma780002850121239338777732353126217319Globulins

(cpm/mgprotein)Normalrat02149108222311Hepatoma780052340102204306777742545105196294a-Globulins(cpm/mgprotein)Normalrat11944113197264Hepatoma780041736109184259777701839101191234
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Table 5
A Ibumin synthesis in liver and hepatoma tissues

Animals were given injections of 100 /jCi leucine-3H per 100 g, and the specific activity of
albumin in the microsomes was determined. Numbers are the averages of 4 different
experiments Â±S.D. Host liver values for tumor-bearing animals of both types were similar and
were combined. Rats receiving cycloheximide were given injections of 2 mg/100 g rat 10 min
before injection of label.

Time of pulse
(min)1251010

+cycloheximide60120Albumin

(cpm/^ig)Normal14

i40
Â±86

Â±160
Â±042

Â±11
Â±liver1.22.65.26.91.60.9Host

liver18Â±30

Â±74
Â±157
Â±045

Â±9Â±1.03.15.64.23.61.4Hepatoma

78002

0.868120q1.12.41.82.38

0.8Hepatoma491413110Â±Â±Â±0Â±+77770.521221763

albumin (27, 37). One would expect, therefore, more labeled
albumin to appear in the circulating blood of tumor-bearing
animals resulting from the addition of the synthesis in the host
liver and hepatoma. To measure the contribution of the
hepatoma and a possible decrease of synthesis in host liver as
compared with normal liver, we determined the specific
activity of albumin in microsomes of normal liver cells, host
liver cells, and hepatoma cells at various times after injection
of leucine-3H. The results in Table 5 show that albumin

synthesis in the 2 hepatomas investigated is only about 0.091
that of liver synthesis, and synthesis in host and normal liver is
approximately the same. It is further shown that 75% of the
labeled albumin has disappeared from the microsomes of host
liver 60 min after administration of label; by 120 min after
injection of label, 90% has disappeared. During the same
period of time, there is little loss of labeled albumin from
hepatoma microsomes. It has been reported that, in
measurements of incorporation of label into albumin,
nonspecific label may be found bound to albumin (34). To
show that our numbers represent incorporation into albumin,
we gave animals injections of cycloheximide, 2 mg/100 g, 10
min before a 10-min pulse with leucine-3H. As can be seen

from the numbers in Table 5, no counts were associated with
the albumin if protein synthesis was inhibited. Nonspecific
binding of label to the albumin should not have been affected
by administration of cycloheximide. We did observe a decrease
of albumin in microsomes 20 min after injection of
cycloheximide, but we should have detected 70 counts over
background if all the counts associated with the albumin were
due to nonspecific binding. The fact that we did not observe
any counts indicates that no more than 10% of the albumin
counts could be due to nonspecific binding. We can calculate
from results in Table 5 and from results on total tissue protein
synthesis shown in Table 7 that 3.6% of the label incorporated
into total protein is associated with albumin in normal rat
liver; for host liver, it is 3.0%. In hepatoma 7800 0.34% and in
hepatoma 7777 0.30% of the total protein label is found in
albumin. The calculations were made on the 5-min points,
since incorporation of label into total protein is not linear for
more than 5 min.

Chart 1 shows that the antialbumin precipitation is specific

lili Ir

.VI â€¢¿�

Mit-

Il
IIHHI â€¢¿�

UNI â€¢¿�

Chart 1. Specificity of albumin precipitation. The methods used have
been described. Standard rat serum albumin migrated 2 cm towards the
anode, heavy chain from antirat albumin banded at 2.8 cm, light chain
banded at 4.6 cm, and bromophenol blue banded at 6.2 cm from the
origin. A, albumin from hepatoma 7777 microsomes; B, albumin from
host liver microsomes.

for albumin. If the albuminlantibody complex is dissociated
and separated on SDS gel electrophoresis, all the counts are
found in a single band that migrates to the same position as
does purified rat albumin.

The total amount of albumin is the same in microsomes of
hepatomas and liver tissues, as can be seen in Table 6. Our
average value is about 6 ng albumin per mg microsomes, which
is in good agreement with numbers reported for normal liver
(31). The table further shows that there is less protein per g
tissue wet weight and also a smaller yield of microsomes from
the same tissue weight in the hepatomas. This is due to the
presence of more nuclei in 1 g of hepatoma. Hepatoma 7777
has about 3.5 times more nuclei and hepatoma 7800 about 2
times more nuclei per g tissue than does liver tissue (P. Ove
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Table 6
A mounts of total protein and albumin in liver and Itepatoma tissues

The determinations of the amounts of protein and albumin have been described in "Materials
and Methods." Numbers are the averages of at least 4 determinations Â±S.D. In the expression
Mgalbumin/g tissue, the amount of albumin which might be present in intra- and extracellular
fluid is not taken into consideration. For statistical analysis, the Student t test was applied.

MicrosomalproteinNormal

liver
Host liver
Hepatoma 7800
Hepatoma 7777Protein

(mg/gtissue)179

Â±9.7
180 Â±12.3
158 Â±9.1Â°
131 Â±7.4bmg/g

tissue34

Â±2.7
33.5 Â±1.8
27 Â±3.4Â°
20.5 Â±4.96mg/mg

total
tissueprotein0.19

Â±0.02
0.18 Â±0.03
0.1 7 Â±0.02
0.16 t 0.04Albumin

(Mg/mg
microsomalprotein)6.45

i 0.6
6.8 Â±0.5
6.1 i 0.7
5.5 i 0.8e

0 Significantly different from normal (p < 0.02).
b Significantly different from normal (p < 0.01).
cp>0.05.

and M. Coetzee, unpublished observations). The high content
of DNA in the hepatomas can partially be explained by an
increased polyploidy, even though little polyploidy has been
reported for hepatoma 7800, and partially by a decrease in
size of the hepatocytes in the hepatomas due to less cytoplasm
in these cells. Since almost all the albumin in liver cells is
associated with endoplasmic reticulum (31), there is also less
albumin per g tissue in the hepatomas as compared to liver
tissue.

We also measured total protein synthesis in livers and
hepatomas. The results in Table 7 show that total protein
syntheses in liver and hepatomas are approximately the same.
The slightly lower numbers for hepatomas are again
compatible with the slight difference observed in the specific
activity of the aminoacyl-tRNA. Incorporation is linear for 5
min, and incorporation increases up to 10 min, at which time
it levels off. As is apparent from numbers in Table 6, per g of
tissue there is less label incorporated into hepatomas than into
liver.

To show that microsomes from hepatomas and from livers
have the same potential for total protein synthesis, we
measured total protein synthesis and albumin synthesis in a
cell-free system. These results are shown in Table 8. Total
protein synthesis is the same in microsomes prepared from
either tissue. Synthesis of albumin in the cell-free system, on
the other hand, indicates a 6- to 7-fold difference, with the

diminished synthesis in the tumor microsomes, confirming the
in vivo results shown in Table 5. The difference in the ability
to synthesize albumin resides with the microsomes. Not shown
in the table are the numbers indicating that switching the cell
sap did not influence the results. The numbers should not be
used to compare the amount of albumin synthesized out of
total protein. The determination of incorporation into total
protein is different from the determination for albumin.
Incorporation into total protein measures any label associated
with peptides large enough to be acid-precipitable. This could
represent elongation of unfinished peptides or completion of
other peptides. Measurement of albumin, however, requires
molecules large enough to possess the necessary antigenic sites
for antibody precipitation. That we do measure addition of
label to peptide chains or to albumin chains is indicated by the

Table 7
Total protein synthesis of liver and hepatoma tissues in vivo

Animals were given injections of 10 ^iCi leucine-'H per 100 g, and

tissues were removed at indicated times. The numbers are the averages
of 4 different determinations, with less than 15% variation between
individual values. Rats receiving cycloheximide were given injections of
2 mg cycloheximide per 100 g rat 10 min before injection of label.

HepatomaTime
ofpulse0.51.02.05.010.010.0

+(min)cycloheximideNormalliver31701412923254.6Hostliver29631523083545.1780028461022442921.2mi2251962623061.6

inhibition of this incorporation by puromycin added to the
incorporation mixture. The amount of albumin in the
microsomes was the same with puromycin addition, indicating
that no albumin is released from the microsomes during short
term in vitro incubation.

For an indication of differences in turnover of serum
proteins in normal and tumor-bearing animals, a double-label
technique (3) was used. The 3H:14C ratios at 3 days after
injection of the leucine-14C were 2.15 (7777), 2.21 (7800),

and 2.28 (normal) for albumin, indicating no significant
difference in turnover of albumin in the different rats. For the
globulin proteins, the ratios were 1.68 (7777), 2.52 (7800),
and 2.93 (normal); for a-globulin proteins, the ratios were

1.39 (7777), 2.13 (7800), and 2.93 (normal). These values
indicate a slower turnover of globulin proteins in
tumor-bearing rats. Since there is no difference in the rate of
synthesis of these proteins, if normal and hepatoma-bearing
rats are compared, the rate of breakdown of these proteins was
investigated. The results are shown in Chart 2. The half-life for
the 3 protein fractions was determined by following the
disappearance of the incorporated leucine-14C from the

circulating blood. The results bear out our predictions from
the 3H:I4C ratios, indicating a longer half-life for the globulin

proteins and especially a-globulin proteins in tumor-bearing
rats.

NOVEMBER 1972 2515

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2388589/cr0320112510.pdf by guest on 19 M

ay 2023



P. Ove, M. L. Coetzee, J. Chen, and H. P. Monis

Table 8
Synthesis of albumin and total protein in a cell-free system

The numbers represent the averages of 4 different experiments Â±S.D. The experimental
procedure has been described in "Materials and Methods." Incubation time was 10 min, and the

reaction was linear for at least 10 min. Where indicated, puromycin was added to a final
concentration of 5 X 10~4 M in the incubation tubes. For statistical analysis, the Student / test

was applied.

TissueNormal

liver
Normal liver + puromycin
Host liver
Host liver + puromycin
Hepatoma 7800
Hepatoma 7800 + puromycin
Hepatoma 7777
Hepatoma 7777 + puromycinTotal

protein
(cpm/mg

microsomalprotein)965

82
910Â°

64
945

91
990 ;

68 i32

8
51
12
28

9:
37

: 15Albumin

(cpm/mgalbumin)2660

Â±151
139 Â± 11

2880+ 172
210Â± 21
494 Â±23

94 Â± 13
422 Â± 25
101 t 10

' Not significantly different from normal liver (p > 0.1).

Chart 2. Degradation of serum proteins in normal and
hepatoma-bearing rats. A, albumin degradation with half-lives, (arrows)
of 2.3 (normal), 2.5 (7800), and 2.7 days (7777). Difference in rate of
degradation: normal from 7800, p > 0.1 ; normal from 7777, p > 0.05.
B, degradation of total globulin proteins with half-lives of 1.8 (normal),
2.4 (7800), and 3.5 days (7777). Difference in rate of degradation:
normal from 7800 and 7777, p < 0.05. C, degradation of a-globulin
proteins with half-lives of 1.9 (normal), 2.9 (7800), and 4.0 days
(7777). Difference in rate of degradation: normal from 7800, p < 0.05;
normal from 7777, p < 0.025. â€¢¿�,normal rats; X, hepatoma
7800-bearing rats; O, hepatoma 7777-bearing rats. The statistical
analysis comparing 2-day and 3-day points was done by the
Mann-Whitney U test. Each timepoint represents the average of at least
3 different determinations.

Our results indicate that an increase in the a-globulin
protein fraction in serum of rats bearing hepatoma 7800 and
hepatoma 7777 is not a result of increased synthesis but is
caused by a decrease in the decay rate of this protein.

Albumin synthesis and decay rate in normal and
hepatoma-bearing animals are the same. There is, however,
about an 11-fold difference of synthesis of albumin if host
liver and hepatomas are compared with the hepatomas with
the lower synthetic capacity. The albumin synthesized by the
hepatomas does not seem to contribute significantly to the
total amount of albumin present in the circulating blood.

DISCUSSION

There have been numerous reports indicating serum changes
in tumor-bearing animals and different serum patterns in
human cancer patients (2). An increase in the a-globulin
fraction has been suggested in some of these reports (1, 4-7,
27). We have confirmed these findings in rats bearing Morris
hepatomas 7800 and 7777. The serum changes are more
pronounced in rats bearing the faster growing, highly
undifferentiated hepatoma 7777. Whether there is a
correlation between the increase in a-globulin and growth rates
of a large series of hepatomas is not known. There is, however,
a dependence on the number of tumor cells present. The
increased a-globulin becomes apparent between 1 and 2 weeks
after transplanting the tumors and has reached the maximum
amount about 3 weeks after transplanting in hepatoma 7777
and about 5 weeks after transplanting hepatoma 7800.

We do not know what mechanism is responsible for a
decreased rate of breakdown of a-globulin. Mechanisms of
protein degradation are poorly understood at present. It is
possible that specific enzymes or isomerie forms of enzymes
are responsible for the breakdown of specific proteins. Weber
(45) in formulating his molecular correlation concept indicates
that breakdown pathways of proteins and nucleic acids
decrease in correlation with increasing growth rates of
hepatomas.

There are reports that a new species of a2 -globulin appears
in tumor-bearing rats and is synthesized severalfold faster in

host liver than in normal liver (36). The possibility that host
liver might reutilize label preferentially in the synthesis of
a2 -globulin cannot be completely ruled out. Our results argue
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against such an occurrence. We did not observe significant
differences in synthesis of globulin proteins comparing normal
and hepatoma-bearing animals, and if reutilization does occur
to any great extent one usually observes a break in the decay
curve. Three days after the initial injection of label no such
break was observed.

A possible significance of an increase in a-globulins in
hepatoma-bearing rats is indicated by the findings of Burger
(9). Wheat germ-agglutinated transformed mouse cells were
rapidly disaggregated if injected into mice. This inhibitor of
agglutination was found in the cv-globulin fraction, a-globulin
or a fraction of a-globulin might in some way maintain loss of
contact inhibition in tumor cells.

In measurements of the specific activity of leucyl-tRNA, it

is assumed that there are no gross differences in the tRNA of
the hepatoma and liver tissues, though some qualitative and
quantitative differences have been described (12, 39, 41, 44).
Since we measure a specific activity, absolute amounts can
vary slightly as long as the available tRNA does not become
rate-limiting for amino acid incorporation. When we extracted
tRNA from liver and hepatomas, we found about the same mg
tRNA per g tissue in liver and hepatomas. Furthermore, in in
vitro studies, cell sap from hepatomas or liver supports
incorporation of label equally well. Ideally, there should be
fewer leucine counts associated with the leucyl-tRNA at 10
min. It is known that there are at least 3 species of leucyl-
tRNA. Possibly not all species are equally involved in protein
synthesis, accounting for the relatively high specific activity
still found 10 min after injection of label.

Our results on albumin synthesis indicate that both
hepatomas do synthesize albumin about 11 times less than
either host or normal liver cells. We did not detect any
difference in the ability of the host liver to synthesize albumin
as compared to normal liver. Our results on albumin synthesis
in normal and host liver are in good agreement with the results
reported by Rotermund et al. (34). They found that in normal
rats, 3.7% of the label incorporated into total liver protein was
found to be in albumin; for host liver the number was 2.8%.
Our values are 3.6 and 3.0% for host liver and normal liver,
respectively. They concluded, however, that the difference in
synthesis between Morris hepatoma 9121 used by Rotermund
et al. and normal or host liver is substantially greater than the
11-fold difference we find comparing hepatoma 7800 and
hepatoma 7777 to normal and host liver. Our results further
indicate that the albumin synthesized by the hepatoma seems
to remain in the tumor cells and does not contribute
significantly to albumin present in the circulating blood. The
albumin in the hepatomas is probably degraded as are most
proteins, but this degradation would take place in the cells
rather than in the circulating blood. Whether degradation
would take place in the microsomes or in the intracellular fluid
is not known.
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