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Summary. The effect of the hepatocarcinogen 3'-methyl-4-dimethylaminoazoben- 
zene on a-fetoprotein (AFP) and albumin gene expression in rat liver was 
studied. Serum concentrations of AFP and albumin were measured. Amounts of 
AFP mRNA and albumin mRNA in rat livers were determined by hybridization of 
total cytoplasmic RNAs to their cDNAs. Dramatic increases in serum AFP concen- 
trations coincided with increases in AFP biosynthesis and amount of AFP mRNA 
in livers of carcinogen-treated rats. In contrast, no or little change in 
albumin mRNA concentration was found in livers of rats treated with 3'-met&l- 
4-dimethylaminoazobenzene. Conccmitantly, there was little change in liver 
albumin biosynthesis or serLni albumin concentrations during hepatocarcino- 
genesis. 

Cells exhibit a number of marked morphologic and metabolic changes during 

their neoplastic transformation. Accunulated evidence indicates that changes 

in biological, biochemical and morphologic properties associated with neo- 

plastic cells were also accanpanied by alteration of gene expression (l-7). 

Albumin is the major plasma protein synthesized by the adult liver. Albumin 

synthesis is retained in hepatanas tut at reduced levels as canpared to the 

nonnal rat liver (8-12). In contrast, a-fetoprotein (AFP), which is synthe- 

sized in large amounts in embryonic liver and yolk sac txlt not in adult liver, 
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was induced dramatically in hepatanas (13,14). The synthesis of AFP and altu- 

min in the liver has been shown to change reciprocally as a function of neo- 

natal development. Tamaoki et al (15) demonstrated that neonatal growth was -- 

accunpanied by a decrease in AFP mRNA activity and a marked increase in albu- 

min mRNA activity. 

Both AFP and albumin are actively synthesized in large quantities in 

liver and hepatana. Based on the striking homology in amino acid sequences 

and protein structure, it has been suggested that AFP and alhmin may share a 

canmon ancestral gene (16-18). Consequently, we examined the expression of 

AFP and albumin genes in neoplastic and preneoplastic livers of rats treated 

with the hepatocarcinogen, 3'-methyl-4-dimethylaminoazobenzene. 

MATERIALS AND METHODS 

Animals and Treatments 

Hepatanas and preneoplastic livers were 
(125 gm initial weight) with rat chow (Purina P 

reduced by feeding Fischer rats 
containing 10% corn oil (Mazola) 

and 0.06% 3'-methyl-4-dimethylaminoazobenzene (3'-MDAB) which was dissolved in 
the corn oil (19). 
ficed. 

At each experimental point, a group of 5 rats were sacri- 
Sera were collected for determination of AFP and albumin levels. 

Livers were immediately renoved from rats and placed in cold buffered saline 
(0.15 M NaCl - 0.15 M sodium citrate). 

The Measurements of Serum AFP and Albumin Concentrations 

The concentration of AFP in the serum was measured by a double antibody 
radioimmunoassay described previously (20). The serum albumin concentration 
was determined by the immunodiffusion method of Mancini et al (21). -- 

The Determination of AFP and Albumin Synthesis in Liver Slices 

One gram of rat liver or neoplastic liver was cut into 1 mm thick slices 
and incubated at 37°C in water bath under 95% 0 /5% CO2 for 5 min in 13 ml of 
Hank's balanced salt solution (Grand Island Bio ogical Co.) containing 6 mM P . 
sodium bicarbonate, 7 mM Hepes tuffer (uH 7.4), and tenfold concentrated 
plasma anino acids (25) minus methionine as j$scribed by Tse et al (22) with 
minor modifications. 

-- 
After preincubation, [ Slmethionine (sp. act. 1228.3 

Ci/mmol) was added to the reaction mixture at a final spcific radioactivity 
of 100 uCi/ml and incubated under the same conditions for an additional 10 
min. Tissue slices were then rinsed thoroughly and hanogenized in 15 ml of 
phosphate-buffered saline (9501 M sodium3hhosphate, pH 7.4, containing 0.15 M 
NaCl). The quantities of [ S]AFP and [ Slaltumin in cell lysates were 
determined by imrmnoprecipitation of in vivo translational products with anti- -~ 
AFP or anti-albumin as described (23). The pelleted immunoprecipitate was 
washed and its radioactivity was measured. 

Extraction of Liver Cytoplasmic RNA 

Livers were homogenized in 5 volumes of 0.25 M sucrose, 5 mM magnesium 
chloride, 25 mM NaCl, and centrifuged at 10,000 x g for 10 min. The super- 
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Figure 1. The concentration of AFP (A) and albumin (B) in sera of rats fed 
with diet containing (0) or without (0) 3'-MDAB. 

natant was then brought to 25 mM sodium acetate, pH 5.0, 10 mM EDTA, 0.5% SDS, 
and the solution was extracted once with an equal volume of buffered-saturated 
phenol and 2-3 times with phenol/chlorofonn/isoanyl alcohol (49:49:2). The 
RNA in the aqueous phase was precipitated with ethanol overnight at -20°C. 

Preparation of cDNA and Molecular Hybidization 

AFP3yRNA purification and cDNA preparation have been described previously 
[;;I. [ PILabeled cDNA to albumin mRNA was prepared essentially as described 

. RNA excess hybridizations were performed in a final volume of 20 1-l of 
0.5 M NaCl, 25 mM Hepes, pH 7.4, 2 mM EDTA, 0.1% SDS, containing 2000 cpm of 
cDNA and a known amount of RNA. Following heat denaturation at 1OO'C for 1 
min, incubations were carried out at 68“C. Hybrids were determined by measuring 
the S1 nuclease-resistant radioactivity (24). 

RESULTS AND DISCUSSION 

Chemically-induced hepatcma and preneoplastic livers were produced by 

feeding rats with a diet containing the hepatocarcinogen, 3'-MDAB. At various 

times the levels of serum albumin and AFP were detemlined. As shown in 

Figure 1, AFP was present in adult rat serum at levels of 40-60 rig/ml at the 

beginning of the experiment. The concentration of AFP started to increase in 

the sera of rats shortly after the initiation of feeding with the diet con- 

taining 3'-MDAB. It reached a peak at approximately 40 days and then decreased 

dramatically after this period. After 164 days of treabnent, the serun level 
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Figure 2. Incorporation of L-[35S]methionine into AFP (fm) and albumin 
(XX+) in liver slices of rats fed with diet containing 3'-MDAB. 

of AFP increased markedly concanitant with the apparance of palpable liver 

tumors. The final permanent elevation of AFP is associated with the appar- 

ante of malignant cells (26). Similar patterns of serum AFP concentrations 

during hepatocarcincgenesis with 3'-MDAB have been reported by Chiu et al -- 

(19) and Kelleher et al (27). The serum level of albumin in the rats under- -- 

going chemical hepatocarcinogenesis is also shown in Figure 1. Interestingly, 

there is little, if any, change in the serum albumin concentration in the rats 

treated with chemical carcinogen. 

In order to determine whether the effect of the chemical carcinogen on 

concentrations of AFP and albumin resulted from protein synthesis in liver 

cells, intracellular AFP and albumin biosynthesis was studied. As shown in 

Figure 2, the synthesis of AFP in livers of rats treated with 3'-MDAB was 

found to increase in parallel with AFP serum concentrations. However, the 

biosynthesis of albumin in carcinogen-treated rat livers did not show any 

changes during the course of hepatocarcinogenesis. 

The quantities of AFP and albumin mRNA were also determined by nucleic 

acid hybridization (Figure 3). We conclude that the serum concentrations of 

AFP and albumin are a consequence of the content of translatable AFP mRNA and 

albumin mRNA in carcinogen-treated neoplastic liver. The increase in AFP mRNA 

at approximately 18 days coincided with the increase in serm AFP concentra- 

tion and reached a peak after 30-40 days of exposure to carcinogen. Subse- 

quently, the concentration of AFP mRNA dropped to a normal level. Liver AFP 
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Figure 3. Hybridization assays of AFP (A) and albumin (B) mRNA concentrations 
in total liver cytoplasmic RNA. Cytoplasmic RNA fran the liver of 
rats treated with diet containing 3'-MDAB for 18 days (A-A), 34 
days (x-x), 96 days (A-A), and 164 days (o-o). Cytoplasmic RNA 
isolated fran the livers of rats fed with control diet for 8 days 
as described in the text (o-o). RNA in control livers showed iden- 
tical curves at all time points. 

mRNA content increased markedly again in rats fed the diet containing 3'-MDAB 

for 164 days. In contrast to AFP, the content of albumin mRNA in livers of 

rats exposed to carcinogen was identical to that of normal rat livers. 

These data indicate that early in hepatocarcinogenesis the production of 

albumin may be unaltered from normal. They are in contrast to reports (8-12) 

that the genetic regulation of albumin synthesis is altered in established hepa- 

tunas. Certain transplantable hepatanas were found to retain their capacity 

to produce serum albumin but at much reduced levels as canpared to normal rat 

liver. Tse et al (22) reported that there was approximately a fourfold reduc- -- 

tion in the level of albumin synthesis in hepatana 7777 as cunpared to the 

normal rat liver. 
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Recently Liao et al (16) have studied the expression of AFP and albumin -- 

during normal development. They found that the levels of AFP and albumin do 

not show a direct reciprocal relationship during the fetal-neonatal period. 

Chiu et al (28) and Belanger et al (29) also have demonstrated that there is -- -- 

no direct reciprocal relationship bebeen AFP and albumin gene expression. 

Both groups have shown that dexamethasone suppresses AFP gene expression in 

newborn rat liver. tlowever, there is no significant effect of dexamethasone 

on albumin gene expression. 

In conclusion, even though the two proteins share similar biological, 

physical, and chgnical properties, a striking homology in amino acid sequences 

and protein structure, and a possible canmon ancestral gene, the expression of 

albmin and AFP genes appear to be under separate control. This canmrnication 

demonstrates quantitative and qualitative differences between gene expression 

in normal and neoplastic liver, consistent with the concept of alterations in 

the control of gene expression upon neoplastic transformation. 

ACKNOWLEDGEPIENTS 

This investigation was supported by USPHS Grants No. CA 25098 (J-FC), CA 
15222 (CJS) and CA 16746 (JMT). C.E. Schwartz was postdoctoral trainee of 
Cancer Biology Training Grant No. T32 09286. 

1. 

2. 

i: 
5. 

6. 
7. 
8. 

9. 

10. 
11. 
12. 
13. 
14. 

15. 

REFERENCES 

Garrett, G.T., Moore, R.E., Katz, C. and Pitot, H.C. (1973) Cancer Res. 
3-3, 2469-2475. 
Rolten, H.A., Birnie, G.D. and Paul, J. (1977) Cell Diff. 6, 25-39. 
Atryzek, V., Tanaoki, T. and Fausto, N. (1980) Cancer Res. 40, 3713-3718. 
Capetanaki, Y.G. and Alonso, A. (1980) Nucleic Acids Res. 8, 3193-3214. 
Myzis, R.K., Grady, D.L., Li, D.W., Mirvis, S.E. and TSO, P.O.F. (1980) 
Biochemistry 19, 821-832. 
Reiners, J.J. and Busch, H. (1980) Biochemistry l9-, 833-841. 
Supowit, S.C. and Rosen, J.M. (1980) Biochenistry I& 3452-3460. 
Schreiber, G., Rotermund, H.M., Maeno, H., Weigand, K. and Lesch, R. 
(1969) Eur. J. Biochem. I& 355-361. 
Rotetmund, H.M., Schreiber, G., Maeno, H., Weissen, U. and Weigand, K. 
(1970) Cancer Res. 30, 2139-2146. 
Uenoyama, K. and Dno, T. (1972) Biochim. Biophys. Acta 281, 124-129. 
Sell, S. (1972) Cancer Res. 2, 1608-1611. 
McLaughlin, C.A. and Pitot, H.C. (1976) Biochemistry 15, 3541-3550. 
Ruoslahti, E. and Seppala, M. (1979) Adv. Cant. Res. 29, 275-346. 
Sell, S. (1980) in Cancer Markers (Sell, S. ed.) pp. 249-293, The Human 
Press, Clifton, New Jersey. 
Tamaoki, T., Miura, K., Lin, T. and Banks, P. (1976) in Oncodevelopmental 
Gene Expression (Fistman, W.H. and Sell, S. eds.) pp. 115-122, Academic 
Press, New York. 

244 



Vol. 107, No. 1, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

16. 

17. 
18. 

:“o: 

21. 

22. 

2 

25. 

.26. 

27. 

28. 

29. 

Liao, W.S.L., Hamilton, R.W. and Taylor, J.M. (i980) J. Biol. Chm. 235, 
8046-8049. 
Law, S.W. and Dugaiczyk, A. (1981) Natire 291, 201-205. 
Goxin, M.B., Cooper, D.C., Eiferman, C.F., Rijn, P. and Tilghman, S.M. 
(1981) J. Biol. Chen. 256, 1954-1959. 
Chiu, J.F., Hunt, M. and Hnilica, L.S. (1975) Cancer Res. 35, 913-919. 
Belanger, L., Fleischer, B., Fleischer, S., Guillouzo, A., Lemonnier, M. 
and Chiu, J.F. (1979) Biochemistry I&, 1962-1968. 
Mancini, G., Carbonara, A.@. and Herenans, J.F. (165) Immunochemistry 2, 
235-254. 
Tse, T. P.H., Morris, H.P. and Taylor, J.M. (1978) Biochemistry I7-, 3121- 
3128. 
Belanger, L., Canmer, P. and Chiu, J.F. (1979) Cancer Res. 39, 2141-2148. 
Chiu, J.F., Decha-Umphai, W. and Canmer, P. (1979) Nucleic Eids Res. 1, 
239-249. 
Keller, G.H. and Taylor, J.M. (1977) Biochem. Biophys. Res. Ccmmun. II, 
328-334. 
Guillouzo, A., Belanger, L., Beaumont, C., Valet, J., Briggs, R. and 
Chiu, J.F. (1978) J. Histochem. Cytochem. 26, 948-959. 
Kelleher, P.C., Nadworny, H.A. and Smith, C.J. (1978) Cancer Biochem. 
Biophys. 2, 137-144. 
Chiu, J.F., Massari, R. J., Schwartz, C.E., Meisler, N.T. and Thanassi, 
J.W. (1981) Nucleic Acids Res. 2, 6917-6933. 
Belanger, L., Frain, M., Baril, P., Gingras, M., Bartkowiak, J. and Sala- 
Trepat, J.N. (1981) Biochemistry 0, 6665-6672. 

245 


