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The human apolipoprotein A-I gene controlled by the promoter of the early cytome-
galovirus gene was transferred to cultured Hela cells. The cytoplasmic RNA of trans-
formed cells was shown to contain apo A-I-specific mRNA. Immunoenzyme and im-
munohistochemical methods revealed the expression of a protein product of the trans-
ferred gene in the transformed cells. The amount of synthesized apo A-I protein
attained 0.1-0.7% of the total protein of transformed cells.

Key Words: apolipoprotein A-I gene; biochemical cell transformation; gene therapy of ath-

erosclerosis

Apolipoprotein A-I (apo A-I) is a major protein
component of the high-density lipoproteins of hu-
man plasma that participate in the transport of
cholesterol. It also acts as a coenzyme of choles-
terol-esterifying [7] lecithin-cholesterol-acyltrans-
ferase. Apo A-l is responsible for the antiathe-
rogenic properties of the lipoproteins of this class.
Moreover, it apparently possesses antiviral [12] and
antioxidant [2] properties. In addition, the plasma
level of this protein shows an inverse correlation
with the acute phase of the inflammatory response
of the organism to infection {9]. All these char-
acteristics enable us to consider studies of the
transfer of the human apo A-I gene and the at-
tainment of its efficient expression in recipient
cells as research aimed at designing methods of
gene therapy for the correction of a number of
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human diseases (mainly atherosclerosis, but possi-
bly also some viral infections). The pilot stage of
gene therapy projects that are in progress today
involves the transfer of a “therapeutic” gene into
cells cultured in vitro (biochemical transformation)
[10]. If the transferred gene does not integrate into
the chromosomes, the situation is referred to as
short-term biochemical cell transformation. Short-
term biochemical transformation of cells lacking
their own apo A-I synthesis by the apo A-I gene
has several advantages over stable transformation
with the gene, e.g., in cases where periodic com-
pensation of an insufficient apo A-I level near the
affected region is required. There are reports con-
cerning short-term as well as stable transformation
of mammalian cultured fibroblasts with the human
apo A-I gene [3-5,8]. However, in these cases the
protein product of gene expression was determined
mostly in the culture medium as a result of its
secretion by the transformed cells, while the effi-
ciency of gene expression on the cell level was not
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Fig. 1.

Evaluation of the transformation efficiency of Hela cells and activity of cytomegalovirus early gene promoter using

bacterial genetic markers. g) transformation of HeLa cells with a plasmid containing the bacterial gene LacZ under the control
of P, Hela cells were transformed by the method of calcium —phosphate precipitation and stained via enzymatic reaction

using X—Gal as chromogenic substrate. The transformed cells are stained dark. X125. b) estimation of the activity of P

CMV

linked with the gene of bacterial chloramphenicol acetyltransferase in the Cat test {2). As a comparison the vector containing
the Cat gene, placed under the control of the promoter of SV40 virus early genes, pSV2—Cat, was analyzed in the same
manner (I). Arrows point to the positions of chloramphenicol acetylated forms.

studied. In this study we present data pointing to
the highly efficient expression of apo A-I in hu-
man cells initially lacking this protein.

MATERIALS AND METHODS

Construction of a eukaryotic expression vector based
on pUC19 plasmid was performed by conventional
methods of genetic engineering.

Cultured HelLa human cells were transformed
by the usual procedure of calcium-phosphate pre-
cipitation (5 or 10 ug DNA, respectively, for cells
grown in 3-cm or 6-cm petri dishes). The efficacy
of transformation was estimated by counting the
cells stained due to the activity of the transferred
bacterial B-galactosidase gene (LacZ gene), using
X-Gal as a chromogenic substrate. The activity of
the promoter-enhancer regions used was estimated
by the Cat test.

Cytoplasmic RNA was isolated by the phenol-
detergent method using 10 mM ribonucleoside

Fig. 2. Identification of human apo A—I—specific RNA by
the Northern blot hybridization. Arrows at left indicate the size
of the main fractions of mouse liver ribosomal RNA (4800 and
1900 nucleotides) used as markers of molecule size. Arrows
at right point to the positions of apo A—I-specific RNA
fractions. f) cytoplasmic RNA from nontransformed Hela cells;
2) cytoplasmic RNA from transformed HeLa cells.

vanadyl complexes. Isolated RNA was denatured in
1 M glyoxal and analyzed in Northern blotting
with a 32P-labeled ¢cDNA probe representing a frag-
ment of the apo A-I gene.

The presence of apo A-I protein in the ex-
tracts of transformed cells was detected by means
of immunodot-blotting and ELISA; in addition,
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Fig. 3. Immunoenzyme identification of
the protein product of the human apo
A -1 gene in transformed Hela cells.
Polyclomal rabbit antibodies against apo
A—1 protein were used as first antibodies;
the second antibodies represented horse-
radish peroxidase —conjugated anti—
rabbit immunoglobulin; the chromogenic
substrate is diaminobenzidine. a) analysis
of cellular extracts by means of immu-
nodot — blotting; I} human serum (positive
control); 2} extracts of transformed cells;
3} extracts of nontransformed cells
(negative control). b) immunohistoche-
mical detection of apo A—1I protein in
transformed cells; protein— producing
cells are stained. X250.

Hela cells were analyzed immunohistochemically.
The following reagents were used in these immu-
noenzyme assays: rabbit anti-human apo A-I po-
lyclonal antibodies, horseradish peroxidase-conju-
gated goat anti-rabbit immunoglobulin antibodies
(second antibodies), and diaminobenzidine as a
chromogenic substrate.

RESULTS

For the construction of the expression vector we
used the 5'-regulatory region (promoter-enhancer)
of one of the human cytomegalovirus (CMV) early
genes - P, This region efficiently induces the
expression of a linked gene in mammalian cells of
various types [6]. One of the advantages of this
promoter is its constant activity, which is, for ex-
ample, independent of the proliferative state of a
cell, as distinct from other tissue-nonspecific pro-
moters [3]. P, was joined to ¢cDNA of the hu-
man apo A-I gene containing the polyadenylation

signal at the 3'-end. For correct transcription of
apo A-I cDNA, the 3'-end of the gene was at-
tached to the region of transcription termination of
the human insulin gene, which contains, besides
its own polyadenylation signal, other elements nec-
essary for transcription termination and the pro-
cessing of mRNA [11].

For evaluation of the efficiency of transforma-
tion, an analogous vector was constructed in which
the human apo A-I gene was replaced by the
marker bacterial gene LacZ. The ability of the
protein product of the latter gene, p-galactosidase,
to develop staining in the presence of chromoge-
nic substrate was used in our experiments for an
estimation of the transformation efficiency (Fig. 1,
a). The transformation efficiency of HeLa cells
proved to be within the range 0.5-1%. For the
determination of the CMV promoter efficacy, we
constructed an analogous vector with the bacterial
chloramphenicol acetyltransferase gene (Cat) substi-
tuted for LacZ as a reporter. The results of the
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Cat assay (Fig. 1, b) showed that the construction
obtained expressed the marker gene with high ef-
ficiency (as compared to the conventional promoter
of SV40 virus early genes), thus confirming that
P, is one of the most active promoters for
mammalian genes [6]. All this provided grounds
for using P, and the transcription termination
region of the human insulin gene to design a vec-
tor capable of transferring the apo A-I gene into
cultured human cells.

The results of Northern hybridization with
cytoplasmic RNA isolated from cells transformed
with apo A-I-containing vector are presented in
Fig. 2. Two RNA fractions demonstrating inten-
sive hybridization with the radioactive probe were
observed, with lengths of 1800 and 900 nucleotides.
The fractions are specific to apo A-I mRNA. Due
to the vector construction used, these RNAs have
similar untransiated 5'-ends and different untrans-
lated 3'-ends, corresponding to the polyadenylation
signal of the translation termination region of the
insulin gene (1800 nucleotides) and to the poly-
adenylation signal of the apo A-1 gene (900 nucle-
otides), respectively. These results confirm the need
to insert the transcription termination region dur-
ing the construction of the expression vector [1],
including in the case of apo A-I ¢cDNA, in order
to achieve more effective gene expression, since in
the course of translation both RNA fractions will
apparently give rise to the synthesis of identical
apo A-l protein molecules.

Immunodot-blotting analysis of cell extracts
(Fig. 3, a) provided evidence of the synthesis of
apo A-I protein by transformed Hela cells. This
result was confirmed by the immunohistochemical
analysis of transformed cells (Fig. 3, b). Moreover,
immunohistochemical data demonstrated the de
novo synthesis of apo A-I in transformed cells,
since no staining was observed in the control
(untransformed) cells under analogous conditions.
Quantitative estimation of apo A-I in the trans-
formed cells revealed about 70 ng apo A-I protein
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per milligram of cellular extract. Taking into ac-
count that the frequency of successfully transformed
cells varies in the range of 0.5-1%, the concen-
tration of apo A-l in transformed cells will be
about 1.4-7.1 ug per mg total cell protein. Thus,
the data obtained attest to efficient expression of
the HeLa cell-transferred apo A-I gene under the
control of the cytomegalovirus promoter. In some
experiments the fraction of apo A-I protein at-
tained 0.1-0.7% of the total protein of transformed
cells. Keeping in mind that the protein is almost
entirely secreted in the growth medium [4,8], we
can conclude that the efficiency of our construc-
tion, wherein the apo A-I gene functions under the
control of P, far surpasses the efficiency of
earlier-reported systems [5,8]. The constructed vec-
tor of human apo A-I gene expression may be
taken as a base for further elaboration of efficient
methods of transferring this gene into human cells
for the purpose of gene therapy.

REFERENCES

1. E. M. Brown and R. D. Scott, in: DNA Cloning, A Prac-
tical Approach, Ed. D. Glover, IRL Press (1985).

2. A. N. Klimov, A. A. Nikiforova, V. M. Pleskov, e al.,
Biokhimiya, 54, Ne 1, 118-123 (1989).

3. A. P. Perevozchikov, B. L. Vaisman, A. V. Sorokin, ef
al., Molek. Biol., 27, Ne 1, 24-37 (1993).
4. A. P. Perevozchikov, 8. M. Serov, I. O. Nasonkin, ef a/.,
Dokl. Akad. Nauk Rossii, 335, Ne 5, 646-649 (1994).
5. V. N. Shul’zhenko, L. L. Lukash, and L. N. Shulyak,
Biopolimery i Kletka, 5, Ne 5, 105-107 (1989).

6. M. Boshart, F. Weber, G. Jahn, et al., Cell, 41, 521-
530 (1985).

7. C. J. Fielding, V. G. Shore, and P. E. Fielding, Biochem.
Biophys. Res. Commun., 46, 1493-1498 (15982).

8. S. Lamon-Fava, J. H. Ordovas, G. Mandel, er al., J.
Biol. Chem., 262, 8944-8947 (1987).

9. G. Mormow, R. Cortese, and V. Sorrentino, EMBO J, 8,
3767-3771 (1989).

10. S. A. Rosenberg, Human Gene Therapy, 1, 443-462
(1990).

11. A. Sachs and E. Wahle, J. Biol. Chem., 268, 22955-22958
(1993).

12. R. V. Srinivas and Y. V. Venkatachalapathi, J. Cell.
Biochem., 45, 224-237 (1991).




