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Taking in consideration the importance of coordinated oncogenes and tumor-
suppressor genes activity in the control of malignancies and death, additional copy of
oncogene Dcn1 was inserted in mouse embryonic stem cells (mESCs) by transfection
with recombinant DNA-constructs. The noticed absence of phagocyte differentiation
of myeloid progenitors, co-cultivated with the so derived mESCs, differed from the
data, observed in co-cultivation with malignant cells, containing and non-containing
additional copy of tumor-suppressor gene. These data were a proof for preserved non-
malignant cell characteristics of the transfected mESCs and were confirmed by their
analogy with normal human trophoblasts HTR8/SVneo, immortalized by transfection
with recombinant vector SV40. On the other hand, the analogy of malignant rat
insulinoma cells RIN-5F with human cervical carcinoma cells HeLa, was also
similarly tested. For this goal, RIN-5F cells, containing additional copy of tumor-
suppressor gene SCGN and HeLa cells, with additional copy of tumor-suppressor
gene HACE1, as well as HeLa cells, non-containing additional gene copy, were
applied. Analogus functions of protein products of both genes have been indicated as
tumor suppressors by similar cascade mechanisms, such as interactions with
cytoskeleton elements, interacting with nuclear proteins. Future studies are necessary
in that direction.
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INTRODUCTION
Coordinated oncogenes and tumor-suppressor genes activity
has been found to be of most importance (Eferl et al., 2003;
Rubin, 1997; Vaziri and Benchimol, 1998; Vogelstein and
Kinzler, 2004; Zhang et al., 2007). In this connection, Janus-
kinases (JAKs)–signal transducers and activators of
transcription (STATs) pathway, has been shown to be a
common signalling pathway, used by many cytokines (Kyba
et al., 2003). In this aspect, cytokine-activated Janus-kinases
(JAKs)–signal transducers and activators of transcription
(STATs) pathway has shown an important role in the control
of immune responses, and dysregulation of it has been
associated with various immune disorders. Signalling
strength, kinetics and specificity of this pathway have been
shown to be modulated at many levels by distinct regulatory
proteins.

Studies on the biology of the stem cells are often focused on
their self-renewal and differentiation (Amit et al., 2008;
Keller, 1995; Liang and Van Zant, 2003; Molofsky et al.,
2004; Rubin, 1997; Smith, 2001; Vaziri and Benchimol, 1998;
Vogelstein and Kinzler, 2004). A lot of variations of the
DNA-repair efficiency have been established to vary greatly
among different stem cell types (Keller et al., 1995; Liang and
Van Zant, 2003). This high self-renewal potential of the stem
cells in in vitro-conditions makes them strong candidates for

delivering of genes, as well as for restoring organ systems
function have been found to be included in these processes
(Liang and Van Zant, 2003; Rubin, 1997; Vaziri and
Benchimol, 1998; Vogelstein and Kinzler, 2004). This
understanding could be applied toward the ultimate goal of
using stem cells not just for various forms of therapy, but
rather as a tool to discover the mechanisms and means to
bring, reconstituting them from old and young individuals has
exhibited indistinguishable progenitor activities both in vivo
and in vitro (Smith, 2001; Vaziri and Benchimol, 1998). The
properties of “malignant stem cells”, have outlined initial
therapeutic strategies against them (Smith and Boulanger,
2002; Vogelstein and Kinzler, 2004).

As the most important approaches, currently utilizing stem
cells, both gene therapy and tissue engineering have been
determined (Barrette et al., 2000; Borysiewicz et al., 1996;
Brachmann et al., 1998; Chen et al., 2003; Domi and Moss,
2005; Southern and Berg, 1982). Both have been found to
exploit the current knowledge in molecular biology and
biomaterial science in order to direct stem cells in vitro-
and/or in vivo-differentiation to desired lineages and tissues.
In this aspect, widely studied is the ability for laboratory
cultivation of viruses in cell cultures, with the aim for
development of both viral recombinants for malignant
immunotherapy and of products for therapy of these disorders.
As such tools can be used both DNA- and RNA-viruses
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(Barrette et al., 2000; Borysiewicz et al., 1996; Chen et al.,
2003; Southern and Berg, 1982), as well as bacterial plasmids
(Domi and Moss, 2005) and yeasts (Brachmann et al., 1998).

In this connection, the main goal was connected with a design
of maximally safe experimental in vitro-model for providing,
on the one hand, of active tumor-suppressor gene for
prevention of eventual malignant transformations, and, on the
other hand, of active oncogene for prevention of early aging
and death. For comparison, normal cells from human
trophoblast cell line HTR8/SVneo, immortalized by
transfection with SV40 recombinant gene vector (Ali et al.,
2004; Graham et al., 1993; Southern and Berg, 1982; Takao et
al., 2011), were used. On the other hand, the analogy of RIN-
5F malignant rat insulinoma cells with HeLa malignant
human cells, was similarsly established. In this connection,
transfected RIN-5F malignant cells, containing additional
copy of SCGN gene and transfected human malignant cervical
cells HeLa, containing additional copy of tumor-suppressor
gene HACE1, were used.

MATERIALS AND METHODS
Stem cells, isolated from mouse Balb/c embryos, were
cultivated for 48 – 72 hours on previously formed monolayers
of feeder primary MEFs after their previously treatment by
Mitomycin-c (mm-c) (Sigma-Aldrich) and/or 3T3 fibroblasts.
After tripsinization, they were transfected by electroporation
(5 X 106 cells/ml). For this aim, recombinant DNA-genome
from adeno-associated virus (AAV) (Parvoviridae) (Chen et
al., 2003), containing promoter for gene, coding Elongation
Factor 1-alpha (EF1-α); gene Dcn1, isolated from 3T3
fibroblasts of laboratory mice Balb/c, as well as gene for
neomycin resistance, isolated from bacterial DNA-plasmid,
are used. For this goal, electroporator for cell transfection
(BioRad) was used. Separate sub-populations of non-
transfected mESCs were cultivated in the presence of 2 μg/ml
Doxicyclin (Sigma-Aldrich) for suppression of cell
proliferation and eventual stimulation of myeloid cell
differentiation by activation of genes from STAT-family. On
the other hand, cell cultures of the derived from human
cervical carcinoma cell line Hela were also prepared. All cells
were incubated at 370C in incubator with 5% СО2 and 95% air
humidification, in Dulbecco’s Modified Minimal Essential
Medium (DMEM) (Sigma-Aldrich), supplemented with 10%
Fetal Calf Serum (FCS) (Sigma-Aldrich), 100 U/ml penicillin
(Sigma-Aldrich) and 100 µg/ml streptomycin (Sigma-
Aldrich), and observed by inverted light microscope (Leica).
Malignant cells from cell lines RIN-5F and HeLa with rat and
human origin, respectively, were also used and similarly
proceeded. Sub-populations of both cell lines, containing and
non-containing additionally-inserted copy of the respective
tumor-suppressor gene were appied.

After tripsinization of the transfected cells and their
consequent treatment with mixture of phenol-chlorophorm-
isoamil alcohol (PCI) (Sigma-Aldrich), the so isolated nuclear
material was treated with lysis buffer (Sigma-Aldrich) for
isolation of genomic DNA. The last was subjected on
Polymerase Chain Reaction (PCR) of previously isolated
nuclear DNA of them and its consequent 1% agarose gel
(Sigma-Aldrich) electrophorhesis, in the presence of DNA-
primers against the inserted DNA-fragment (Sigma-Aldrich),
mixture of the four types deoxy-nucleosid-tri-phosphates

(dNTP - Sigma-Aldrich), enzyme Taq-polymerase (Sigma-
Aldrich).

Fixed light microscopic preparations were prepared by their
consequent fixation by treatment with 95% ethanol (Sigma-
Aldrich) or paraphormaldehyde (Sigma-Aldrich), washing
with 1:9 diluted PBS (Sigma-Aldrich) and Giemsa-staining
(Sigma-Aldrich).

RESULTS
In our experiments 9 transfected by electroporation cell clones
were received and derived (Figure 1). According to the
genomic assays results, 2 of the cell clones derived were
positive on the additionally inserted copy of the oncogene
Dcn1 and the other 7 cell clones - negative on it (Figure 1).

Decreased cell proliferation level on the one hand and active
myeloid differentiation on the other was established in
cultivation of cell sub-populations in the presence of
Doxicyclin (Figure 2).

DISCUSSION
According to different literature findings genetic interactions
between oncogene and tumor-suppressor genes (Zhang, 2007),
as well as influence of the protein product on the one or two
genes on the structure and functions of the other of both genes
(Vogelstein and Kinzler, 2004), could be possible. The
observed effects of early myeloid differentiation and
suppression on the cell proliferation in the presence of
Doxicyclin could be explained with the described in many
literature sources activation effect of this substance on the
tumor-suppressor genes of STAT-family (Figure 2) (Kyba et al.
2003). Similar types of correlations of gene p53 has recently
been proven with gene NUMB, which has been characterized
as a cell fate determinant because of its role in the asymmetric
cell division in the mitosis process, as well as between gene
Oct4, which is known as regulator of the processes of stem cell
self-renewal and differentiation and gene variation Cdk2ap1,
by a mechanism of Oct2/4 promoter methylation. According to

Figure 1

Figure 2
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other literature findings, a calcium-dependent SCGN–TAU
interaction, as well as co-appearance of both proteins is shown
(Gartner et al., 2007; Maj et al., 2010; Wagner et al., 2000),
despite the fact that two different genes code them. The
absence of the mentioned above features in the process of
myeloid differentiation in the presence of the received positive
on additional copy of the oncogene Dcn1 normal transfected
cells could be accepted as a proof for the safety and their non-
tumorigenic/normal cell characteristics in vitro, as well as an
indication about eventual over-expression of the
experimentally-activated oncogene in genetically-manipulated
normal cells. In accordance with other literature data, a lot of
analogical functions of proteins SCGN and HACE1 in as
tumor suppressors and members of similar cascade
mechanisms have been observed (Bauer et al., 2011; Buchwitz
et al., 1999; Jaumot et al., 1994; Motran-Zorcano et al., 2008).
Data about the analogical role of both proteins in the processes
of Golgy-transport of proteins during cell division have also
been received (Bauer et al., 2011; Gonczy et al., 2000;
Rogstam et al., 2007). Both molecules have been indicated to
be able to connect with cytoskeleton elements of the cell cycle
as microtubule proteins (Aamodt et al., 1986; Gonczy et al.,
2000; Rogstam et al., 2007; Wagner et al., 2000) and cyclins
(Jaumot et al., 1994; Motran-Zorcano et al., 2008), which on
the other hand are known to be able to connect with histones
and histone-like nuclear proteins. For these investigations,
future studies are necessary in the respective direction.
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