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Original recombinant adenoviral construction carrying E. coli B-galactosidase LacZ gene
designed by the authors is convenient for labeling and monitoring of bone marrow mesen-
chymal (stromal) progenitor cells and myocardial and skin fetal cells transplanted in damaged
rat tissues (in the perinecrotic zone of the myocardium and onto burnt skin surface) for their
reparation. This genetic construction after pre-inactivation of endogenous [-galactosidase
allows to detect transplanted cells in the foci of injury; positive effects of transplantation on
tissue reparation processes can be attributed to the presence of transplanted cells.
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The potentialities of cell therapy are now actively
studied in model experiments on animals. The avail-
able methods for cell delivery to organs cannot always
ensure their penetration in the studied zone. This ne-
cessitates cell monitoring, detection of cell distribution
in the organ, and confirmation of their viability after
transplantation to the host.

Different methods of cell monitoring are known.
One of the most often used is based on the detection
of the expression of marker genes inserted into cells.
The products of marker gene should not be toxic for
live cells, impair its viability and morphology, or cause
immune response of the host. The construction for in-
troduction of the marker gene should be effectively
inserted in cells and the product of gene expression
should be easily identified by available methods.

Among the most popular markers are E. coli B-ga-
lactosidase [2-4,6-8,10-15,17,18] and Aequorea vic-
toria “green protein” [5,9,14,16]. There are other mar-
kers, for example, red fluorescent protein derived from
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Dismosoma sp. Phosphatase gene is also a useful re-
porter gene [10].

We used an original recombinant adenoviral vec-
tor (AdSV40-BGal) with E. coli LacZ gene encoding
[-galactosidase for monitoring of the delivery of stem
(progenitor) and fetal cells to a certain area and viabi-
lity of these cells and functioning at different periods
after transplantation.

MATERIALS AND METHODS

Original recombinant AdSV40-BGal adenoviral con-
struction was created in cell strain 293 by homologous
recombination between linearized pAd-BGal plasmid
DNA (Sileks M Firm) and a large Ad5 fragment, ob-
tained by restriction of this adenovirus by Clal. Plas-
mid pAd-BGal contained a cassette consisting of a
nucleotide fragment (454 n. p.) of the 5'-terminal in-
verted adenoviral repeat, LacZ gene under SV40 pro-
motor, and part of the adenovirus (3328-6241 n. p.)
needed for homologous recombination. DNA trans-
fection into cells was carried out by the calcium phos-
phate method. Viral plaques obtained after homolo-
gous recombination were collected and analyzed for
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their capacity to express LacZ gene. The recombinant
adenovirus was produced in cells 293 (carrying genes
necessary for multiplication of deficient AdSV40-BGal
adenovirus), concentrated in CsCl density gradient,
and resultant construction was confirmed by restric-
tion mapping. The recombinant virus was titered, re-
produced, if needed, in cell culture 293, and stored at
-70°C.

Cells for infection with recombinant virus were
cultured in DMEM/F-12 or Iscov’s medium (Sigma)
with 10% FBS (HyClone) and 40 pug/ml gentamicin.
The infection was carried out overnight (12 h) in a
medium with 0.5% serum. After incubation at 37°C in
a CO, incubator the medium was removed from cell
culture, the cells were washed twice with Hanks’ solu-
tion, and growth medium was added. On day 5 post-
infection the cells were fixed, heated for 40 min at
50°C for inactivation of endogenous [-galactosidase,
and stained for bacterial B-galactosidase activity using
X-Gal substrate [2,7]. Stained cells were washed in
normal saline and the cells with characteristic blue
staining were detected under a microscope.

In order to obtain bone marrow stromal stem cells
and fetal cells labeled with AdSV40-BGal, they were
infected by incubation with titered suspension con-
taining AdSV40-BGal 12 h before transplantation into
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damaged organs. Directly before transplantation la-
beled cell culture was washed 3 times in Hanks’ solu-
tion, the cells were removed by standard treatment
with trypsin-versain solution, precipitated twice by
centrifugation at 1500 rpm at ambient temperature,
and resuspended in Hanks’ solution. Viable cells were
counted using trypan blue staining. Cultures with 95%
viability were used for transplantation.

The survival of transplanted cells was studied on
Wistar rats with experimental myocardial infarction
induced by cryodestruction and with deep thermal burns
of the skin.

On day 2 after burn was inflicted, the necrotic
crust on the wound surface was resected and suspen-
sion of fetal fibroblasts or fibroblast-like bone marrow
mesenchymal stem cells (MSC) in a dose of 2x10*
cells per cm? of burn surface was applied onto the
wound. The regeneration efficiency was evaluated by
the rate of wound surface shrinkage using the plani-
metric method.

On day 7 after myocardial infarction, 2x10° labe-
led fetal cardiomyocytes or cardiomyocyte-like bone
marrow MSC were injected into the perinecrotic zone
of the myocardium. The results of cell therapy were
evaluated by changes in the myocardial contractile
function of isolated heart on a testing unit by Neely’s
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Fig. 1. Cultures of HepG2 (a; x50), HelLa (b; x200), MDCK (c; x200), and Vero (d; x200) cells labeled with AdSV40-BGal and stained for

B-galactosidase activity on day 5 postinfection.



M. S. Dolgikh, A. Yu. Grigor'eva, et al.

Number of stained cells
1600

1400
1200
1000
800
600
400

200 3

0,
0 1%10/3@&0/117410/;xloixlo/sxxlo/bxxw/;xloﬁxlo/gxxlo/&“ﬂo/“
Virus titer
Fig. 2. Titration of infectious activity of AdSV40-BGal virus suspen-

sion in cell cultures of different types: MDCK (1), Vero (2), and
Hela (3).

method 3 weeks after cell injection into the myocar-
dium.

Transplanted cells were detected at different per-
iods after transplantation in cryostat sections by the
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standard histological method (staining for J-
galactosidase).

RESULTS

In order to make sure that the created genetic con-
struction can be effectively used for the detection of
transplanted cells of different types, it was necessary
first of all to determine the infective activity of the
construction. To this end, AdSV40-BGal virus con-
struction was added into various types of mammalian
cell cultures: MDCK (dog kidney cells), Hela (human
uterine epithelial cells), Vero (green monkey renal
epithelial cells), and HepG2 (human primary hepa-
toma cells), and on day 5 after infection B-galacto-
sidase activity was histochemically detected (Fig. 1).
AdSV40-BGal construction infected different cell strains,
but the expression of -galactosidase was different in
these cells. Vero cells proved to be the most sensitive
system (Fig. 2). The next step in our study was the use
of AdSV40-BGal construction for labeling primary
cell cultures. The presence of B-galactosidase activity
after cell culture infection was studied in the following
cultures: primary human fetal brain neurons, fetal rat

Fig. 3. Cultures of somatic cells infected with AdSV40-BGal and stained for f-galactosidase activity on day 5 after infection. a) primary
culture of fetal rat cardiomyocytes, x400; b) primary culture of human fetal brain cells, x200; c) rat bone marrow cardiomyocyte-like
mesenchymal stem cells (MSC) after 3-week culturing, x200; d) human bone marrow cardiomyocyte-like MSC after 6-week culturing, x50.
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Fig. 4. Cryostat sections of myocardial left ventricle. Staining for B-galactosidase activity 21 days after transplantation into infarcted myocardial
cicatrix. a) AdSV40-BGal-labeled rat bone marrow cardiomyocyte-like MSC, x200; b) AdSV40-BGal-labeled fetal rat cardiomyocytes, x200.

Fig. 5. Allogenic AdSV40-BGal-labeled rat bone marrow fibroblast-
like MSC. a) cryostat section of burn wound biopsy specimen 30
days after transplantation, x200; b) culture on day 5 after infection,
x400.

heart cardiomyocytes, and adult human and rat bone
marrow MSC predifferentiated into cardiomyocyte-
like cells (Fig. 3) [1]. These experiments showed that
15-20 AdSV40-BGal infectious particles per cell were
needed for 80-90% cell infection in the absence of
cytotoxic effect.

The authenticity of detection of exogenous E. coli
[B-galactosidase (Fig. 3) was confirmed by the absence
of immunohistochemical staining of endogenous [-ga-
lactosidase, detected using monoclonal murine anti-
bodies to E. coli B-galactosidase in cell culture and
tissue sections.

The experiments showed that this viral construc-
tion can be used for monitoring of the transplanted
cells. Experiments on rat model of myocardial infarc-
tion showed that 3-5 weeks after transplantation of

fetal cardiomyocytes and bone marrow cardiomyo-
cyte-like MSC, cells with B-galactosidase activity
were detected in the perinecrotic zone (Fig. 4). The
detection of B-galactosidase activity in the myocardium
after transplantation of labeled cells coincided with
improvement of the contractile function of damaged
myocardium, which was attributed to the presence of
transplanted cells in the myocardium.

Experiments with transplantation of labeled cells
(fetal fibroblasts and fibroblast-like MSC) on the sur-
face of burn wounds also showed the presence of cells
containing bacterial B-galactosidase in the burn wound
within 30 days after transplantation. The presence of
labeled cells coincided with acceleration of burn wound
healing, which led us to a conclusion on stimulation
of the reparative process by transplanted cells (Fig. 5).
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Hence, the described AdSV40-BGal construction
is convenient for marking mammalian transplanted
cells, including stem cells, but not hemopoietic cells.
This construction can in a dose-dependent manner
infect adhesive cells of various types; it is not toxic
for these cells and for animals injected in vivo. It was
also shown in animal experiments that the genetic
construction used in this study detects the transplanted
cells in the foci of injury during the period of up to 5
weeks after transplantation and the positive impact of
cell therapy on tissue regeneration processes can be
attributed to the presence of transplanted cells in the
zone of injury.

We believe that this genetic construction can ser-
ve the base for creating a set of vectors for gene-
therapeutic correction of many diseases.
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