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Short Communication

Acute-Phase-Dependent Binding Affinity of C/EBPS
from the Nuclear Extract and Nuclear Matrix towards
the Hormone Response Element of the a,-Macroglobulin
Gene in Rat Hepatocytes

D. BoGoJEVI¢ , M. MIHAILOVIC, M. PETROVIC, S. DINIC, S. IVANOVIC-MATIC
AND G. P0OzNANOVIC

Molecular Biology Laboratory, Institute for Biological Research, 29 Novembra 142,
11000 Belgrade, Serbia and Montenegro

Abstract. Interactions of nuclear extract and nuclear matrix proteins from rat
hepatocytes with the hormone response element of the as-macroglobulin gene were
studied. By Western and South-Western blot analysis we have shown the presence
of C/EBPS in the examined nuclear fractions as well as its increased binding affin-
ity to the examined gene sequence during the acute-phase response. The results
suggest that both nuclear protein fractions could participate in the transcriptional
regulation of the as-macroglobulin gene in the rat hepatocytes.
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The acute-phase response represents a cascade of reactions that are initiated to
prevent tissue damage and activate repair processes in order to reestablish home-
ostasis. Various types of stress, such as tissue injury or infections, induce dra-
matic changes of concentrations of several plasma proteins known as the acute-
phase proteins. as-macroglobulin (aeMG) is a prominent acute-phase protein in
the rat. It is a tetrameric molecule that contains two non-covalently linked and
identical dimers where the 180-kDa monomers are covalently linked by disulfide
bridges (Borth 1992). asMG is a broad-spectrum protease-binding protein with
an immune-suppressive activity and its plasma concentration increases during the
inflammatory process. It is primarily synthesized in the liver, although, fibrob-
lasts, macrophages and decidua express asMG as well. The increase of asMG
concentration in the serum is the result of the transcriptional activation of its
gene, and the corresponding increase of the mRNA rates and protein synthesis.
Hepatic asMG gene expression is primarily mediated by cytokine interleukin 6
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(IL-6) and glucocorticoids (Kunz et al. 1989). The regulatory elements involved
in the IL-6-dependent transcription induction of the rat asMG gene are located
between —852 and —777 and between —404 and —165 relative to the cap site.
A glucocorticoid response element lying upstream from the transcription start
site between —38 and —33 is required for the induction of the rat aaMG gene
by glucocorticoids (Kunz et al. 1989). Transcriptional regulation of the asMG
gene depends on interactions between the above cis-acting sequences and trans-
acting proteins. Namely, it was shown that hepatocyte DNA-binding proteins par-
ticipate in the regulation of expression of liver-specific genes. Among the regu-
latory trams-acting proteins that participate in the transcriptional regulation of
the as MG gene, the IL-6-activated signal transducers and activators of transcrip-
tion (STAT) (Alonzi et al. 2001) and CCAAT-enhancer binding protein (C/EBP)
family of transcription factors found in nuclear extracts of rat hepatocytes (Bau-
mann and Gauldie 1994; Petrovié et al. 1995) assume a prominent role. C/EBP
proteins (a, B, 0) belong to a major group of liver-enriched transcription fac-
tors that regulate the expression of numerous liver-specific genes (Xanthopoulos
and Mirkovitch 1993). In rat liver, C/EBPf is an important regulator of liver
functions such as nutrient metabolism, liver regeneration and the acute phase
response (Ruminy et al. 2001). C/EBPgS is upregulated during the acute-phase
response (Takiguchi 1998) and is involved in the transcriptional regulation of
acute phase reactants (Baumann and Gauldie 1994). Initial data revealed the
presence of trans-acting proteins in the hepatic soluble nuclear protein extract,
which has often been used for transcription factor identification and characteriza-
tion (Alam et al. 1992). More recent findings indicate that the insoluble nuclear
protein fraction — the nuclear matrix, also has an important role in transcrip-
tion. Interactions between the nuclear matrix and consensus binding sequences
for a number of transcriptional activators have been shown (van Wijnen et al.
1993; Nardozza et al. 1996), suggesting the association of transcription factors
with the nuclear matrix. Assuming that both nuclear fractions, the nuclear ex-
tract and the nuclear matrix are involved in the transcriptional regulation of the
asMG gene, we examined the distribution of C/EBPS between them, and its bind-
ing affinity to the regulative element of the asMG gene in different physiological
states.

Experiments were performed on male Wistar rats. The acute-phase response
was induced by a subcutaneous injection of turpentine oil (1 ul/g per body weight)
12 h before sacrifice. The nuclear extract (Gorski et al. 1986) and the nuclear
matrix (Belgrader et al. 1991) were isolated from the livers of controls and rats 12
h after the induction of the acute-phase response when the transcription rate of the
asMG gene reaches its maximal level (Sevaljevié et al. 1989). Equal quantities of
soluble nuclear proteins and nuclear matrices were separated by 12% SDS-PAGE
(Laemmli 1970). The relatively complex protein composition of the nuclear protein
fractions was revealed by Coomassie staining (Figure 1). Considerable differences
between the hepatic nuclear extract and the nuclear matrix protein profiles were
observed while the acute-phase response was not followed by discernible changes of
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Figure 1. Electrophoretic patterns of nuclear ;ﬁ ‘ s
extract and nuclear matrix proteins from con- -y e 36 - g
trol and acute-phase rat livers. Twenty ug of a
proteins were subjected to 12% SDS-PAGE and - 29 -
the gels were stained with Coomassie Brilliant
Blue R-250. Lanes 1 and 2 — nuclear extracts
from control and 12 h turpentine-treated rat
livers; lanes 3 and 4 — nuclear matrices from
control and acute phase livers, respectively. Mo-
lecular mass standards are indicated. 1 2 3 4

the protein profiles in either protein fraction (Figure 1, lanes 2 and 4) with respect
to the appropriate control (Figure 1, lanes 1 and 3).

In order to investigate the DNA binding affinities of hepatic nuclear proteins
to the hormone response element (HRE) of the aoMG gene, South-Western blot
analysis was performed according to Bowen et al. (1980). Soluble nucleoproteins
and the insoluble nuclear matrix structure isolated from the livers of control and
turpentine-treated rats were separated by SDS-PAGE, blotted and probed with
(a32P)dCTP-labeled restriction fragment (—852/12) of the aoMG gene (Figure 2,
A and C). The sequence specificity of the above interaction was demonstrated in
experiments performed in the presence of an excess of unlabeled DNA (data not
shown). The pattern of the control soluble nuclear protein fraction compared to the
insoluble nuclear matrix demonstrated a higher binding affinity for the examined
gene sequence, resulting in the formation of prominent bands at 29, 35, 45 and 70
kDa, as well as a number of fainter ones (Figure 2, lane 1). At the same time, 32,
35 and 42 kDa nuclear matrix proteins bound the DNA (Figure 2, lane 5). During
the acute phase response the binding affinities for asMG HRE increased in both
nuclear fractions. Compaired with the control sample, bands of higher intensity in
the 29, 35, 45, 68 and 70 kDa region were observed in the soluble protein fraction
under turpentine-induced condition (Figure 2, lane 2). The acute-phase matrix pat-
tern was characterized by the considerably higher binding affinity of the 32-35 kDa
proteins in regard to control sample and the appearance of a new band at 45 kDa
(Figure 2, lane 6). However, both soluble and insoluble nuclear proteins were charac-
terized by radioactive bands at 35 kDa. Based on literature data we have presumed
that the 35 kD protein is an isoform of C/EBP proteins (Yiangou et al. 1998). The
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Figure 2. South-Western blot analysis of hepatic nuclear extract and nuclear matrix
proteins with hormone response element of the aaMG gene (A, C). Immuno-Western
blot analysis of the same samples with C/EBPS antibody (B, D). Twenty ug of nuclear
proteins were separated by SDS-PAGE, blotted and probed with (a**P) dCTP-labeled
restriction fragment (—852/12) (A, C). The same nitrocellulose filters were incubated with
C/EBPS polyclonal rabbit antibody and stained with BCIP/NBT (B, D). Lanes 1 and 3
— nuclear extract from control rat liver; lanes 2 and 4 — nuclear extract from acute-phase
liver; lanes 5 and 7 — nuclear matrix from control liver; 6 and 8 — nuclear matrix from
acute-phase liver. South-Western blot analysis was repeated with 3—-5 separately isolated
nuclear protein fractions for each time point.

presence of the C/EBPf consensus binding site T/(T/G)NNG(A/C/T)AA(T/G)
(Baumann et al. 1992) in the promoter region of the asMG gene suggested that
the detected 35 kDa DNA-binding protein belongs to the C/EBP family.

By Western blotting analysis we identified the presence and relative changes
of C/EBPg levels in the soluble and matrix nuclear fractions. Western immunoblot
analysis was performed following the procedure of Towbin et al. (1979) using anti-
bodies to rat C/EBP (C19, Santa Cruz Biotechnology, CA, U.S.A.) and staining
with BCIP/NBT. Western blotting analysis revealed the presence of C/EBP( iso-
forms (30, 35, 38 kDa) in all of the nuclear samples examined (Figure 3). It is
assumed that the described isoforms are the products of differential translational
initiation at multiple AUG sites within the single C/EBP mRNA (Descombes and
Schibler 1991). The major isoform was a 35 kDa protein described in the literature
as a transcriptional regulator (Ossipow et al. 1993). Higher concentrations of all
isoforms, in particular of the 35 kDa C/EBP 3 isoform, were detected in the control
nuclear matrix relative to the nuclear extract protein pattern (Figure 3, lanes 3 and
1). The acute-phase response was accompanied by an increase in the 35 kDa iso-
form in both nuclear fractions (Figure 3, lanes 2 and 4). However, the elevation of
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Figure 3. Western blot analysis of rat liver
nuclear extract and nuclear matrix pro-
teins with anti-C/EBPS antibody. West-
kDa ern analysis was performed with C/EBPg
polyclonal rabbit antibody and stained
with BCIP/NBT. Lanes 1 and 2 — nu-

S — 38 — ’ clear extract proteins of control and 12 h
- 35 — turpentine-treated rat livers; lanes 3 and

— 30 — S 4 — nuclear matrix proteins from control
and animals 12 h after the induction of

1 2 3 4 the acute-phase response. Western blottin
g

analysis was repeated with 3-5 separately

isolated nuclear protein fractions for each
time point.

35 kDa-C/EBP( isoform was much smaller in the nuclear matrix protein fraction
(Figure 3, lane 4) in regard to the acute-phase extract sample. In order to assess
whether the 35 kDa isoform of C/EBPf is a protein that binds to the HRE of the
asMG gene (Figure 2, A and C), we performed an additional experiment. Briefly,
nitrocellulose filters with nuclear extract and matrix samples after South-Western
blot analysis were incubated with the C/EBPf antibody as required for Western
blotting analysis (Figure 2, B and D). Bands at 30, 35 and 38 kDa in both the
nuclear extract and nuclear matrix (Figure 2, lanes 3, 4, 7 and 8) samples were
detected. By overlapping the films with radioactive signals with the stained nitro-
cellulose filters we were assured that protein with molecular mass of 35 kDa was an
isoform of C/EBP/ that possessed an increased binding affinity towards the HRE
of the as MG gene.

An increased concentration of the 35 kDa C/EBP( isoform in both fractions
during the acute-phase response (Figure 2, lanes 4 and 8) could not be the only
explanation for the increased binding affinity towards the asMG HRE gene during
inflammation (Figure 2, lanes 2 and 6). We propose that posttranslational mod-
ifications were also involved in this process (Ray and Ray 1994). Furthermore,
significantly higher concentrations of C/EBP( isoforms in the nuclear matrix frac-
tion compared to the nuclear extracts (Figure 3, lanes 4 and 2) were accompanied
by an inversion of the binding affinity towards the regulatory element of the as MG
gene (Figure 2, lanes 6 and 2). This is reflected by an increased intensity of the bind-
ing affinity of hepatic soluble nuclear proteins, especially during the acute-phase
response. Moreover, the relative increase in concentration of the 35 kDa C/EBPS
isoform in the acute-phase sample was more significant in the nuclear extract than
in the nuclear matrix (Figure 3). We presume that disruption of homeostasis dur-
ing the acute-phase response activated the release of trans-active proteins from a
matrix-associated pool, thus rendering the factors more accessible for interactions
with target sites on the DNA. However, according to the postulated role of the
nuclear matrix in tissue-specific gene transcription (Getzenberg 1994) and the re-
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sults presented herein, it can be assumed that the nuclear matrix does not only
sequester regulatory proteins, but actively participates in ao MG gene transcription
by serving as a supporting structure that brings together specific DNA sequences
with factors involved in the regulation of gene expression. The findings presented
here show that both hepatic nuclear fractions are essential for the transcriptional
regulation of the asMG gene and support the assertion that asMG gene expres-
sion is accomplished through an interplay between soluble and insoluble nuclear
fractions.

Acknowledgements. This work was supported by the Research Science Fund of the
Serbian Ministry of Science, Contract No. 1722.

References

Alam T., An M. R., Papaconstantinou J. (1992): Differential expression of three C/EBP
isoforms in multiple tissues during the acute phase response. J. Biol. Chem. 267,
5021—5024

Alonzi T., Maritano D., Gorgoni B., Rizzuto G., Libert C., Poli V. (2001): Essential role
of STAT3 in the control of the acute-phase response as revealed by inducible gene
activation in the liver. Mol. Cell. Biol. 21, 1621—1632

Baumann H., Gauldie J. (1994): The acute phase response. Immunol. Today 15, 74—80

Baumann H., Morella K. K., Campos S. P., Cao Z., Jahreis G. P. (1992): Role of CCAAT-
enhancer binding protein isoforms in the cytokine regulation of acute-phase plasma
protein genes. J. Biol. Chem. 267, 19744—19751

Belgrader P., Siegel A. J., Berezney R. (1991): A comprehensive study on the isolation
and characterization of the HeLa S3 nuclear matrix. J. Cell Sci. 98, 281—291

Borth W. (1992): a2-macroglobulin, a multifunctional binding protein with targeting char-
acteristics. FASEB J. 6, 3345—3353

Bowen B., Steinberg J., Laemmli U. K., Weintraub H. (1980): The detection of DNA-
binding proteins by protein blotting. Nucleic Acids Res. 8, 1—20

Descombes P., Schibler U. (1991): A liver-enriched transcriptional activator protein, LAP,
and a transcriptional inhibitory protein, LIP, are translated from the same mRNA.
Cell 67, 569—579

Getzenberg R. H. (1994): Nuclear matrix and the regulation of gene expression: Tissue
specificity. J. Cell. Biochem. 55, 22—31

Gorski K., Carneiro M., Schibler U. (1986): Tissue-specific in vitro transcription from the
mouse albumin promoter. Cell 47, 767—776

Kunz D., Zimmermann R., Heisig M., Heinrich P. C. (1989): Identification of the pro-
moter sequences involved in the interleukin-6 dependent expression of the rat as-
macroglobulin gene. Nucleic Acids Res. 17, 1121—1138

Laemmli U. K. (1970): Cleavage of structural proteins during the assembly of head of
bacteriophage T4. Nature 227, 680—685

Nardozza T. A., Quigley M. M., Getzenberg R. H. (1996): Association of transcription
factors with the nuclear matrix. J. Cell Biochem. 61, 467—477

Ossipow V., Descombes P., Schibler U. (1993): CCAAT /enhancer-binding protein mRNA
is translated into multiple proteins with different transcription activation poten-
tials. Proc. Natl. Acad. Sci. U.S.A. 90, 8219—8223



Binding Affinity of Hepatic Nuclear Proteins to the ag-Macroglobulin Gene HRE 285

Petrovié M., Bogojevié¢ D., Grigorov L., Sevaljevié L. (1995): The DNA binding affinity
of rat liver nucleoproteins to the regulatory elements of the haptoglobin and as-
macroglobulin genes. Cell Biol. Int. 19, 967—972

Ray B. K., Ray A. (1994): Serum amyloid A gene expression under acute-phase conditions
involves participation of inducible C/EBPa and C/EBPS and their activation by
phosphorylation. Mol. Cell. Biol. 14, 4324—4332

Ruminy P., Gangneux C., Claeyssens S., Scotte M., Daveau M., Salier J. P. (2001): Gene
transcription in hepatocytes during the acute phase of a systemic inflammation:
from transcription factors to target genes. Inflamm. Res. 50, 383—390

Sevaljevié L., Ivanovié-Matié S., Petrovié M., Glibeti¢ M., Panteli¢ D., Poznanovié¢ G.
(1989): Regulation of plasma acute-phase protein and albumin levels in the liver
of scalded rats. Biochem. J. 258, 663—668

Takiguchi M. (1998): The C/EBP family of transcription factors in the liver and other
organs. Int. J. Exp. Pathol. 79, 369—391

Towbin H., Staehelin T., Gordon J. (1979): Electrophoretic transfer of proteins from
polyacrylamide gels to nitrocellulose sheets: procedure and some applications. Proc.
Natl. Acad. Sci. U.S.A. 76, 4350—4354

van Wijnen A. J., Bidwell J. P., Fey E. G., Penman S., Lian J. B., Stein J. L., Stein G.
S. (1993): Nuclear matrix association of multiple sequence-specific DNA binding
activities related to SP-1, ATF, CCAAT, C/EBP, OCT-1 and AP-1. Biochemistry
32, 8397—8402

Xanthopoulos K. G., Mirkovitch J. (1993): Gene regulation in rodent hepatocytes during
development, differentiation and disease. Eur. J. Biochem. 216, 353—360

Yiangou M., Paraskeva E., Hsieh C. C., Markou E., Victoratos P., Scouras Z., Papacon-
stantinou J. (1998): Induction of a subgroup of acute phase protein genes in mouse
liver by hyperthermia. Biochim. Biophys. Acta 1396, 191—206

Final version accepted: February 20, 2003



