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SUMMARY

The synthesis of the male rat hepatic protein a2@-gIobulin
has been examined in Morris hepatoma 5123D and male
host liver using pulse incorporation of labeled amino
acids in vivo , followed by immunoprecipitation of the newly
synthesized a21.-globulin from the soluble protein fraction of
liver and hepatoma tissue. It was found that no a2@-globulin
synthesis occurs in hepatoma tissue, whereas host liver
synthesizes a21.-globulin at a normal level (0.9 to 1.0% of
total hepatic protein synthesis). A variety of liver-derived
cell culture lines also did not have a2@-globulinsynthesis.

The level of the specific mRNA coding for a2@-globulin
can be quantitated using in vitro translation of polyadeny
late-containing RNA in a Krebs II ascites cell-free transla
tional system, followed by immunoprecipitation of the a2U-
globulin synthesized in vitro. Using this technique, it was
found that host liver contained a21.-globulin mRNA at nor
mal levels, whereas hepatoma tissue contained no detecta
ble mRNA coding for this protein. Thus, a2@-globulin
synthesis is deleted in the minimal-deviation hepatoma
5123D as a consequence of the inability of that tissue to
produce functional mRNA coding for a2@-globuIin.The im
plications for the regulation of gene expression in malig
nant cells are discussed.

INTRODUCTION

Transformation of normal cells to a neoplastic state is a
complex process, the details of which, on a molecular bio
logical level, are not understood (for reviews, see Refs. 6
and 8). The cytogenetic alterations that occur during and
after transformation modify the pattern of cellular proteins
being synthesized . These alterations may lead to the ap
pearance of new proteins in the transformed cell or to the
disappearance of proteins that had been present in the
normal cell. Thus, certain neoplastic cells develop the capa
bility of synthesizing carcinofetal antigens (4) or new iso
zymic species (22). Alternatively, the process of transforma
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tion of normal liver cells to hepatoma cells may involve a
loss of certain specific hepatic functions. Serine dehydrase
(1), proline oxidase (10), and tryptophan oxygenase (5) have
been found to be lacking in hepatomas of varying degrees
of malignancy. It is unknown whether these deletions in
volve an alteration of transcriptional or other pretransla
tional events, or translational or posttranslational aberra
tions. We have explored this question, comparing normal
liver cells and cells of the Morris hepatoma 5123D with
respect to their ability to synthesize the hepatic protein
a2@-globuIin.

a2uGlobulin , a protein synthesized in the liver, secreted
into the serum, and excreted in the urine of mature male
rats, was first described by Roy and Neuhaus (12). Its func
tion is, thus far, unknown. The hepatic synthesis of this
protein is under complex hormonal control, involving the
participation of sex hormones, glucocorticoids, thyroid
hormones, and pituitary hormones (7, 11, 13, 20). We have
shown, recently, that the functional level of the specific
mRNA coding for a2@-globulincan be measured accurately
using in vitro translation of total hepatic mRNA in a cell-free
protein-synthesizing system , followed by immunoprecipita
tion with anti-a21-globulin and isolation by SDS5-polyacryl
amide gel electrophoresis (20). It was found that, under
various endocrine manipulations, the level of the a2@-globu
lin mRNA in male liver paralleled the level of the protein in
liver, serum, and urine (7, 20).

In order to compare the level of the specific mRNA coding
for a2@-gIobuIinmore directly with the in vivo rate of synthe
sis of the protein in male liver, we have developed a method
to measure the rate of a2@-globuIinsynthesis, as a percent
age of total hepatic protein synthesis, following a short
pulse of labeled amino acid in vivo. In order to determine
whether the synthesis of the hepatic protein a2@-globulin is
affected in the transformation process and whether this
process may involve selective effects upon gene transcrip
tion, the in vivo synthesis of a2@-globulinand the functional
level of its specific mRNA in hepatoma tissue are herein
examined.

MATERIALS AND METHODS

Animals and Tissue Culture Cells. Experiments were
carried out with 7- to 10-week-old Sprague-Dawley or Buf

5 The abbreviations used are: SDS, sodium dodecyl sulfate; ic. , intracuta

neous; 530, post-30,000 x g supernatant; 5100, post-100.000 x g superna
tant; TCA, trichloroacetic acid.
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falo rats. Hepatoma 5123D-bearing male Buffalo rats were
used 4 to 6 weeks after bilateral i.m. tumor transplantation.
Three liver-derived cell culture lines (K16, K24, and K63), a
chemically transformed K16 line (W8), and a hepatoma cell
line (HTC) were provided by Dr. I. Bernard Weinstein's Iabo
ratory (Institute of Cancer Research, New York, N. V.). The
K16 and K24 lines were derived from Sprague-Dawley rats,
whereas the K63 and HTC cell lines were derived from
Buffalo rats. They were grown either in F12 medium plus 5%
fetal calf serum (Ki 6, K24, and K63) or in Dulbecco's me
dium plus 10% fetal calf serum (W8 and HTC) in 5-mI Petri
dishes.

Preparation of a@-GlobuIin and Anti-a@-globuIln. a2U-
Globulin was purified to homogeneity from the urine of
adult male rats by a procedure detailed elsewhere (7). Mono
specific antiserum against pure a2@-gIobuIin was derived
from rabbits after repeated i.c. injections of antigen in
Freund's complete adjuvant. The serum was twice precipi
tated with 40% ammonium sulfate, and the crude y-globulin
fraction was prepared according to the method of Palmiter
et al. (9). The final antibody solution was titered with pure
a2@-globuIin for its equivalence point as described else
where (20).

In Vivo Labeling of Hepatic and Hepatoma Proteins.
Non-tumor-bearing rats (about 250 g body weight) were
given i.v. injections (tail vein) of [3H]Ieucine, 0.5 mCi/100 g
body weight, and hepatoma-carrying animals received
[3H]leucine, 1.0 mCi/100 g body weight (50 Ci/mmole), in 1
ml 0.15 M sodium phosphate buffer, pH 7.4. Twelve mm
after injection, the animals were sacrificed, and the livers
and/or tumors were excised as rapidly as possible and
chilled on ice. Fiveg offresh tissuewere homogenized in 15
ml buffer (0.25 M sucrose; 50 mM Tris-HCI, pH 7.5; 25 mM
NaCI; and 5 mM magnesium acetate) at 2Â°with 5 strokes at
1,200 rpm in a Potter-Elvehjem homogenizer with a loose
pestle . The homogenate was brought to 1% Triton X-100-1%
sodium deoxycholate, treated with 5 strokes at 1,200 rpm in
a homogenizer with a tight pestle, filtered through 4 layers
of gauze, and centrifuged for 10 mm at 2Â°at 21,000 x g in a
Sorval Hb-4 rotor. The postmitochondrial supernatant
(530) was centrifuged at 120,000 x g at 2Â°for 2 hr to give a
clear, polysome-free supernatant (5100). TCA-precipitable
radioactivity was determined in the 530, the 5100, and the
resuspended and homogenized pellets. The protein con
centration of the 5100 was measured spectrophotometri
cally.

Polyacrylamide Gel Electrophoresis of Total Proteins
Synthesized in Vivo. Twenty-five @l5100 were incubated
with 100 @I0.1 M KOH in a conical glass tube for 15 mm at
37Â°.One ml of 10% TCA was added, and the solution was
kept on ice for 15 mm. The TCA-precipitable material was
collected at 3000 x g, washed 4 times with 4 ml of 5% TCA
and once with acetone, and dried undervacuum. The mate
rial was dissolved in 200 j.d of 2% SDS; 2% f3-mercaptoetha
nol; 10 mM sodium phosphate, pH 7.2; and 10% glycerol; it
was subjected to SDS-polyacrylamide gel electrophoresis
(21) on 0.1% SDS-10% polyacrylamide gels. After electro
phoresis, the gels were frozen at â€”20Â°and cut into 1-mm
slices, and the radioactivity in each slice was determined as
described earlier (19).

Determination of a2@-GIobulinSynthesized in Vivo. a21-
Globulin synthesized in vivo was isolated immunologically
from the total labeled proteins of the liver or hepatoma
S100's: 1 ml of 5100 was diluted to 5 ml of 2% Triton X-100-
0.01 M leucine in phosphate-buffered saline (0.01 M sodium
phosphate, pH 7.2, and 0.14 M NaCI). The a21.-globulin
content of the 5100 was determined by a radial immunodif
fusion assay (7). Antibody solution was added to give anti
gen-antibody equivalence. With the SlOOs derived from
female rat liver or hepatoma tissue, where no a2@-globulin
was detectable with the immunodiffusion assay, 50 @gunla
beled a2@-globulinwere added as carrier before addition of
antibody solution. After 30 mm at room temperature and 4
hr at 4Â°,the immunoprecipitate was collected by centrifuga
tion through a 1 M sucrose layer, washed thoroughly, and
subjected to SOS-gel electrophoresis as described earlier
(20). In order to verify whether all labeled @21.-globulinwas
precipitated with this procedure, the centrifuged superna
tant from the 1st immunoprecipitation was subjected to a
2nd round of immunoprecipitation and gel electrophoresis
after addition of unlabeled carrier a21-globulin. Protein
standards, including pure a2@-globulin,were run on parallel
gels and stained with Coomassie brilliant blue.

Isolation of Liver, Hepatoma, and Kidney mRNA Frac
tions. Total RNA was prepared from frozen liver, hepatoma,
or kidney tissue by a phenol-chloroform procedure (16).
Polyadenylate-containing RNA was isolated by chromatog
raphy on cellulose (Sigmacell 38) (15) and taken as the
mRNA fraction for the in vitro translation experiments.

In Vitro Synthesis and Quantitation of a2@.-Globulln
mRNA. For the mRNA-directed in vitro protein synthesis, a
Krebs II ascites cell-free S30 system, supplemented with
tRNA and rabbit reticulocyte initiation factors, was used as
described earlier (17). Assay volumes (250 to 500 jzl) con
taming 9 to 37.5 @gmRNA were used for the determinations
of a2@-gIobulinsynthesized in vitro. After incubation at 37Â°
for 90 mm, the released polypeptide chains were separated
from polysomes by centrifugation for 1 hr at 150,000 x g at
2Â°,and the total amount of radioactivity incorporated in
vitro was determined as described by Bollum (3). The SOS
polacrylamide gel electrophoretic profile of total proteins
synthesized in vitro was determined from the released chain
fraction as outlined for the in vivo labeled 5100 proteins.
The a2u-globulin synthesized in vitro was measured using
immunoprecipitation with added carrier and SOS-polyacryl
amide gel electrophoresis as described above for the a21-
globulin synthesized in vivo.

Tissue Culture Labeling and Determination of a2u-GlOb
ulin Synthesis. Cells were grown for 4 days to late subcon
fluency, washed with leucine-free medium, grown for 1 hr in
leucine-free medium, and labeled with 2 .tCi [3H]leucine per
ml (5 mI/Petri dish) for 4 hr at 37Â°.Cells were harvested,
washed with phosphate-buffered saline, and stored at â€”20Â°
until use. Packed frozen cells from 5 Petri dishes were
swollen for 10 mm in 2 volumes of lysis buffer (0.1 MTris, pH
7.5; 5 mM magnesium acetate; 0.01 M KCI; and 1 mM dithio
threitol). Cells were lysed by 20 strokes in a Dounce homog
enizer, and 5100 was prepared as described for liver and
hepatoma tissue. Two-hundred pJ of S100 were then used
to determine the level of a2@@-globulinsynthesis, after addi

3589OCTOBER1976

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2396248/cr0360103588.pdf by guest on 19 M

ay 2023



A. E. Sippe! et a!.

and contain no hepatic a2@-globuIin mRNA (7, 20). The
immunological specificity and the electrophoretic mobility
that corresponds to that of authentic a2@-globuIin, as well as
the fact that no comparable radioactive peak is detectable
in the immunoprecipitate from female liver. confirm that the
peak shown in Chart 1 is a21-globulin synthesized in vivo
and is not due to nonspecific immunoprecipitation or bind
ing of labeled amino acid to the immunoprecipitate.

Besides the qualitative proof for the hepatic synthesis of
a21-globulin, this experiment allows a quantitative calcula
tion of the amount of a21-globulin synthesized as a percent
age of total hepatic protein synthesis in vivo . The validity of
this determination depends on the quantitative immunopre
cipitation of the newly synthesized, labeled a21-globulin. By
a 2nd round of immunoprecipitation, it was verified that no
further radioactive a21-globulin could be found (Chart 1).
Table 1A shows that approximately 0.9% of the total
E3Hlleucmneincorporated into S100 protein can be found in
a21-globulin

mRNA-dependent a2@-GlobuIlnSynthesis in Vitro. Re
cently, mRNA-dependent in vitro protein synthesis with het
erologous cell-free systems has been used by an increasing
number of investigators for the detection and quantitation
of specific mRNA's. We have shown that polyadenylate
containing mRNA fractions from male rat liver contain a2u-
globulin mRNA activity (7, 20). Chart 2 shows the electro
phoretic pattern of total proteins synthesized in vitro under
the direction of male liver mRNA in the Krebs II ascites cell
free system.

Immunoprecipitation of these proteins with anti-a21-glob
ulin as described earlier (20) demonstrates that male liver
mRNA directs the synthesis of a21-gobulin in vitro (Chart 2).

tion of 10 @gunlabeled carrier a21-globulin. with the immu
noprecipitation and SOS-gel electrophoresis method out
lined above.

RESULTS

Measurement of in Vivo a2@-GIobulinSynthesis. For ac
curate measurement of the in vivo rates of synthesis of
hepatic proteins that are secreted into the blood, it is impor
tant to use labeling times short enough so as not to lose
newly synthesized protein by secretory processes from the
liver cells. It was shown earlier by Schreiber et al. (14) that
no radioactive serum proteins appear before 12 to 15 mm
after injection of labeled amino acids in vivo . This relatively
short labeling time made it necessary to inject [1H]leucine at
0.5 mCi/100 g body weight in order to be able to detect
significant incorporation into a2@-globuIinwithin the total of
newly synthesized liver proteins. The animals were sacri
ficed 12 mm after injection of the [3H]Ieucine into the tail
vein, the liver was excised as rapidly as possible, and the
soluble protein fraction was prepared. Chart 1 depicts the
SOS-polyacrylamide gel electrophoretic pattern of total he
paticlabeledS100 proteins.

For determination of the percentage of hepatic protein
synthesis represented by a2@-globuIin, the newly synthe
sized a21.-globulin was isolated from the total S100 protein
by immunoprecipitation with monospecific antibodies.
Chart 1 shows that the immunoprecipitate derived from
male rat liver contains a protein with the same electropho
retic mobility as authentic a21-globulin. No such protein was
found in the immunoprecipitate from female rat liver (Chart
1). Female rats are known to excrete no a21-globulin in urine

c'J
0

E
a.0

0)

:i:
in

gel slice number
Chart 1. SDS-polyacrylamide gel electrophoretic profile of total 5100 proteins and immunoprecipitated cx2@-globuIinsynthesized in rat liver in vivo. Male

and female rats received injections of [@H]leucineas described in Materials and Methods.â€•Right, electrophoretic pattern of 25 @zItotal 5100 protein; left, a,@
globulin immunoprecipitated from 1 ml of the labeled 5100 derived from male liver; bottom center, immunoprecipitate derived from 1 ml of labeled 5100 from
female liver. The 2 top centerpanels verify that no labeled a,@-globuIincould be found with a 2nd round of immunoprecipitation. Arrows, position of authentic
a,1-globulin.
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Comparison of in vivo and in vitro a2@-g!obu!insynthesis[:IH]leucine%cpmA.

In vivoincorporationâ€•Total
protein21979,0001195100

protein18,462,000100a21-Globulin163,000

pmo!es0.88B

. In vitroincorporationâ€•Total

protein1584284Released
chains564100a21-Globulin8.341.49

Control of a21-Globulin mRNA in Hepatoma

mRNA from female rat liver or male kidney was not able to
direct the in vitro synthesis of a21-globulin (Chart 2), al
though these mRNA's could direct [3H]leucine incorpora
tion into total protein at levels comparable to that directed
by male liver mRNA.

Because of its high content of a21-globulin, the male
kidney was earlier thought to be the place of its origin (2,
18). The absence of functional mRNA coding for a21-globu
lin in male kidney excludes this organ as a site of a2u-
globulin synthesis.

a21-Globulin represents approximately 1.5% of the total
[3Hjleucmne incorporation into protein in vitro (Table 1).
Since 0.01 pmole [3H]leucine (approximately 150 cpm) can
be detected on these gels, this ascites system is sensitive
enough to detect a21-globulin mRNA down to 0.2% of the
level in adult male liver.

Absence of a2@-GlobulinSynthesis in Hepatoma 5123D.

Table 1

In order to determine whether the hepatic protein ct21-glob
ulin is synthesized in the solid hepatoma 5123D, male rats
bearing this tumor i.m. received injections of [3H]leucine as
described in â€œMaterialsand Methods.â€•Incorporation of
[3H]leucine into 5100 protein in the hepatoma and the liver
of the tumor-bearing animal was measured. Leucine incor
poration into total hepatoma protein in vivo was only one
third the level incorporated into hepatic protein (Table 2).
This difference does not distinguish whether there is a
higher degree of protein synthesis in liver or whether other
factors, such as differences in amino acid uptake or pool
size, are responsible for the observed difference in leucine
incorporation. To be independent of variations in the abso
lute amounts of amino acid incorporated, only the relative
amount of a2@-globuIinsynthesis within total protein syn
thesis in the respective tissues was calculated. Chart 3
shows that no a21-globulin can be detected in hepatoma
tissue in vivo , whereas the liver of the tumor-carrying animal
synthesizes a2@-globulinat a normal level (Table 2).

Since a21-globulin synthesis is dependent on a variety of
hormones, the possibility existed that the absence of the
synthesis of this protein in hepatoma was due to an altera
tion in the endocrine state of the animal bearing the tumor;
however, the normal level of a21-globulin synthesis in the
liver of the tumor-bearing animal renders this improbable.

Absence of a2@-GlobullnmRNA in Hepatoma 5123D. To
determine whether the absence of a21-globulin synthesis in
hepatoma was due to the absence of its specific mRNA,
polyadenylate-containing RNA extracted from hepatoma
was translated in the ascites system. Tumor-derived mRNA
was unable to direct the synthesis of any detectable a21-
globulin in vitro (Chart 4), although this mRNA could direct
incorporation of [3Hjleucine into total protein at levels corn
parable to that directed by mRNA from host liver (Table 2).

@1Values for 5-g male liver were calculated from experiment out
lined in the legend to Chart 1.

b Values for 500-pi assay volume were calculated from experi

ment outlined in the legend to Chart 2.

gel slice number
Chart 2. SDS-polyacrylamide gel electrophoretic profile of total protein and immunoprecipitated a2@-globulinsynthesized in vitro. Protein synthesis was

performed as described in â€œMaterialsand Methods.â€•Right, electrophoretic profile of 70 @lof the released chain fraction of the Krebs II ascites system
following incubation for 90 mm with 5 @gmale rat liver mRNA: left, immunoprecipitated a2@-globulinsynthesized in 350 @lof the Krebs system containing 35
l.Lgmale liver mRNA; top center, same as left, no exogenous mRNA added; middle center, same asleft, 35 @gfemale liver mRNA added; bottom center, same
as left, 37.5 ;L9 male kidney mRNA added. Arrow, position of authentic a21-globulin marker.
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Comparison of a2Uglobulin synthesis in vivo and cr21-g!obulin mRNA activity in vitro of hepatoma,
male host liver, and hepatomacell culturelineTissueâ€˜(3H)leucine

incorporationIn

vivo Invitrocpm

% pmoles%Malehostliver'Total
406,100 100 111.1 100

a21-globulin 4,143 1.02 1.921.73Hepatoma

51230â€•Total 146,000 100 106.7 100
a21-globulin 0 0 00Hepatoma

ceIP
culture (HTC)Total

37,000 100
a21-globulin 0 0

r-@ Iiver@â€˜
I@

d'hepotoma 5l23D11

I @@@â€”@-â€”-â€”-â€”â€”â€”â€”â€”â€”â€˜-@â€”@â€”â€”â€”â€”â€”â€˜
20 40 60

d'hepotomo 5I23D1

â€˜@ â€˜ â€˜ 12

A. E. Sippe! et a!.

Table 2

4' Values were derived from experiments outlined in the legends for Charts 3 and 4, for 1 ml in vivo

labeled5100 or 250 p1of releasedchain fraction synthesizedin vitro.
ii Values were derived from the cell culture labeling experiment as described in â€œMaterials and

Methods.â€•

2

2c%J

b

â€˜C

E
0

a,

,4)

20 â€˜iv bU
gel slice number

Chart 3. SDS-polyacrylamide gel electrophoretic profile of immunopre
cipitated a,@-globulin synthesized in vivo in hepatoma 5123D and male host
liver. A tumor-bearing animal received injections of (3H]leucine as described
in â€œMaterialsand Methods.â€•Left, a2@-gIobuIinimmunoprecipitated from 1 ml
of labeled 5100 derived from host liver; bottom right, immunoprecipitate
derived from 1 ml of labeled 5100 derived from hepatoma tissue. The 2 top
right panels verify that no labeled a,@-globulin could be found with a 2nd
round of immunoprecipitation. Arrows, position of authentic a,@-gIobulin
marker.

Thus, hepatoma 51230 contains no functional mANA for
a2@-globuIin.

Search for Liver-derived Cell Culture Lines That Pro
duce a2@-GlobuIin.Several rat liver-derived cell culture lines
were evaluated for their ability to synthesize a2@-gIobulin.
Three primary liver cell lines, which still responded to con
tact inhibition and with decreasing normality, as judged
morphologically (K16, K22, and K63), did not show any
detectable a2@-gIobulinsynthesis (data not shown), nor did
a chemically transformed K16 line or a hepatoma tumor cell
line (HTC) that has been shown to be responsive to dexa
methasone with induction of tyrosine aminotransferase (23)
(Table 2, Line 3). The other 4 lines that do not synthesize
a2@-globuIinare also negative for tyrosine aminotransferase
induction (23).

gel slice number
Chart 4. SDS-polyacrylamide gel electrophoretic profile of a,v-globulin

synthesisin vitro directed by mRNAfrom hepatoma5123Dand host liver.
Protein synthesis was performed as described in â€œMaterialsand Methods.â€•
Left, immunoprecipitated a,@-globulin synthesized in vitro under the direc
tion of 9.5 @&gmRNA derived from the liver of a male rat bearing hepatoma
5123D; bottom right, same as left, except that 9.0 @tgmRNA derived from
hepatoma tissue were added rather than liver mRNA; top right, same as left;
no exogenousmRNAadded.Arrows,positionof authentica,@-globuIin
marker.

DISCUSSION

The method described herein for the pulse incorporation
of labeled amino acid into various tissue proteins in vivo
provides a direct indication as to whether a particular pro
tein is being synthesized in a given tissue, and it can be
used to quantitate the relative proportion of total protein
synthesis that the particular protein represents. In male rat
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liver, a2@-globulin synthesis represents 0.9 to 1.0% of total
soluble protein biosynthesis.

The relative amount of a2@-gIobulin synthesis in vitro,
under the direction of male rat liver mRNA in a cell-free
protein-synthesizing system, cannot be taken as a precise
estimate of the relative proportion of a2u-globulin mRNA
with respect to the total population of all liver mRNA spe
cies. In cell-free systems, like our ascites 530 system , the
lower-molecular-weight mRNA's are generally translated
more efficiently than are larger ones. As can be seen in
Chart 2, the profile of proteins synthesized in vitro shows a
pronounced shift toward smaller peptide chains when corn
pared to the profile of total proteins synthesized in vivo
(Chart 1).

a2@-GlobulinmRNA codes for a protein with a molecular
weight of approximately 20,000 daltons and, hence, is
translated in vitro more efficiently than average. Its relative
amount is, presumably, slightly lower than 1.5% (Table 1) of
all male liver mRNA's. Nevertheless, the in vitro mRNA
activity assay can be used to compare different mRNA frac

tions for their relative content of active a2@-gIobulinmRNA.
It is clear from these studies that a2@-gIobuIinbelongs to

the class of major secretory proteins of the male liver, and
its corresponding mRNA belongs to the relatively abundant
group of hepatic mRNA's. The ease with which a2@-gIobulin
can be assayed immunologically makes this hepatic protein
a valuable marker to assess the normality of liver-derived
cell lines or hepatomas, since the synthesis of this liver
specific protein seems to be eliminated during or subse
quent to the neoplastic conversion.

From the viewpoint of understanding the processes that
distinguish hepatoma cells from their progenitor hepato
cytes, the major findings reported in this study are that cells
of the Morris hepatoma 51230 differ from hepatocytes in
that they have lost the ability to synthesize a2@-globulinand
that this is a consequence of the absence within the hepa
toma cells of functional specific mRNA which codes for this
protein. Several alternative mechanisms could have been
proposed to explain the absence of a2@-gIobulinsynthesis in
hepatoma cells. Translational control processes within the
malignant cell might have altered the efficiency of transla
tion of existent mRNA for a2@-gIobuIin. Alternatively, the
absence of functional a2@-globuIinmRNA would prevent the
synthesis of this protein. Our findings directly indicate that,
in the Morris hepatoma 51230, the latter alternative occurs.
Hepatoma 51230 has lost the ability to synthesize the he
patic protein a2@-globuIinbecause it lacks functional mRNA
for this protein. The demonstrated absence of translatable
a2@-globulin mRNA does not explain whether this is the
result of an alteration of transport or processing of a2u-
globulin mRNA, a repressed synthesis of the primary tran
scription productofthe a2@-globulingene, orthedeletion of
the gene itself, due to the chromosomal aberrations that
occur during the transformation process. Our laboratory
has shown that for tryptophan oxygenase, a liver-specific
enzyme under glucocorticoidal control (14), the lack of
enzyme activity in several hepatoma lines is also due to the
absence of the mRNA coding for this protein (5). Thus, in at
least 2 instances, the process of transformation has re
suIted in the disappearance of specific mRNA species, sug
gesting that the responsible genes have become silent.

Elucidating the molecular mechanisms underlying this al
tered gene expression is one of the fundamental problems
in experimental oncology and in the study of normal devel
opment.
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