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A gene-cell construct based on rat olfactory mucosa ensheathing cells transduced with an
adenoviral vector encoding a mature form of brain neurotrophic factor (nBDNF) was trans-
planted into post-traumatic cysts of rat spinal cord. Transplantation of the gene-cell construct
improved motor activity of the hind limbs and reduced the size of cysts in some animals. How-
ever, comparison of the effects of transduced and non-transduced ensheathing cells revealed
no significant differences. In parallel in vitro experiments, a decrease in the proliferation of
transduced cells compared to non-transduced cells was observed. It is likely that mBDNF
reduces proliferation of transduced cells, which can affect their efficiency. The therapeutic
efficacy of the new gene-cell construct is most likely provided by the cellular component.
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spinal cord cysts

Spinal cord injuries remain an important problem in
modern medicine, because of the absence of effec-
tive treatment protocols [2]. Chronic complications in
these injuries primarily result from the death of nerve
cells and their low regenerative potential in the area of
injury [22]. Cell therapy can be a promising solution
to this problem, as evidenced by studies using mesen-
chymal, neural stem/progenitor, induced pluripotent
stem, Schwann, and ensheathing cells (EC) obtained
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from various sources [1]. The use of olfactory mucosa
ECs isolated from a patient with spinal cord injury
seems to be optimal for many reasons [1,20]. This
technology makes it possible to obtain autologous cell
preparations without risk to patient’s health [1], and
their safety has been shown in clinical trials on the
use of ECs for the treatment of spinal cord injuries
[1]. In addition, the effectiveness of these cells was
demonstrated in previous experiments in the treatment
of spinal cord cysts in rats [19,20].

Another advanced trend in personalized medicine
for various diseases of the CNS, including spinal cord
injuries, is gene therapy based on adenovectors [6,7].
This approach can promote neuroregeneration through
the point synthesis of various neurotrophic factors en-
coded in the adenovector genome [10]. Neurotrophic
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factors, the most important of which is brain neuro-
trophic factor (BDNF) [11], have certain prospects in
the treatment of traumatic spinal cord injuries, because
they have a neuroprotective effect, reduce neuronal
atrophy, and have a positive effect on the dynamics of
motor activity recovery [8,14].

The combination of cell and gene therapy is a
promising trend in the treatment of spinal cord in-
juries. First, preliminary transduction of cells allows
avoiding direct contact of the adenovector with the
immune system [21] and can increase the efficiency
of transgene delivery into the tissue and its expres-
sion. Second, the cellular component of the construct
itself can also have a regenerative potential. Thus, we
hypothesize that adenovector transduction of olfactory
mucosa EC aimed at additional expression of neuro-
trophins can improve the efficiency of EC transplan-
tation in experimental spinal cord cysts previously
demonstrated by us [19,20].

The aim of this study was to evaluate the effec-
tiveness of a new gene-cell construct based on rat
olfactory mucosa EC transduced with an adenoviral
vector encoding mature form of BDNF (mBDNF) in
the treatment of spinal cord cysts.

MATERIALS AND METHODS

The study was approved by the Local Ethical Commit-
tee of the Pirogov Russian National Research Medical
University and was carried out in accordance with
Directive 2010/63/EU of the European Parliament and
the Council of the EU (On the Protection of Animals
Used for Scientific Purposes; September 22, 2010).

EC were obtained from the olfactory mucosa
of sexually mature male Wistar rats (n=40) weigh-
ing 250-300 g according to the previously described
method [19]. Enriched cultures of EC (passage 3-4)
were used in further experiments. The cells were cul-
tured using Gibco and HyClone reagents.

In CNS neurons, mBDNF is the predominant
form of the neurotrophic factor BDNF [4]. In the
Department of Fundamental and Applied Neurobiol-
ogy of the V. P. Serbsky National Medical Research
Centre of Psychiatry and Narcology, we have de-
veloped a new adenoviral vector encoding mBDNF
(Ad5/35-CAG-mBDNF). Adenovector Ad5/35-CAG-
Fluc was constructed as a control vector [18]. To
create the adenoviral vector, the nucleotide sequence
of rat cDNA encoding mBDNF was used. Synthesis
of the adenovector containing this transgene, its am-
plification, purification, storage, and titration were
carried out according to the protocols described by
us earlier [21].

For further in vivo and in vitro experiments, we
used the minimum effective multiplicity of infection
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equal to 50 virus particles per cell. Infection of EC
with viral particles was carried out in a minimal vol-
ume of medium while maintaining the selected mul-
tiplicity of infection. In 2 days, the transduced cells
were passaged and prepared for transplantation into
rat spinal cord cysts.

Post-traumatic cysts of the spinal cord were mod-
eled according to the developed in the Department
of Fundamental and Applied Neurobiology of the
V. P. Serbsky National Medical Research Centre of
Psychiatry and Narcology [23]. In sexually mature
female Wistar rats weighing 200 g (n=45), contusion
injury at the Th3-Th4 level was modeled. Cyst for-
mation was confirmed 4 weeks after surgery using an
MRI scanner for small rodents. Images of the injury
site were obtained in sagittal and axial projections and
analyzed using MultiVox Dicom Viewer software. Re-
peated imaging of the spinal cord in the area of injury
was performed 4 weeks after cell transplantation.

Cell preparations were transplanted 4 weeks after
injury to rats with MRI-confirmed post-traumatic cysts
and indices of motor activity of hind limbs not exceed-
ing 13 points according to the 21-point BBB open
field scale [3]. The cell preparations were stereotaxi-
cally injected into the cyst cavity on the basis of MRI
data using an injector in 10 ul DMEM/F-12 medium
(1:1). According to our previous study, transplantation
of 1.5x10¢ cells is sufficient to provide the therapeu-
tic effect [19]. Therefore, the rats were injected with
1.5%10% non-transduced EC (n=7), or 1.5x10° cells
transduced with Ad5/35-CAG-mBDNF(n=6), or
1.5%10°¢ cells transduced with Ad5/35-CAG-Fluc
(n=6). Control animals (n=9) were injected with the
same volume of DMEM/F-12 medium (1:1).

To assess the effectiveness of cell transplantation,
motor activity of the hind limbs was assessed accord-
ing to the BBB scale weekly over 4 weeks.

In parallel, in vitro experiments were carried out
to assess the proliferation of EC after transduction
with adenovectors Ad5/35-CAG-mBDNF and Ad5/35-
CAG-Fluc. To this end, the cells were seeded at a
seeding density of 10* per 1 cm?. On the next day,
the cells were infected according to the transduction
protocol. On days 1, 2, 4, 6, 8, and 11, the cells were
harvested with 0.1% trypsin and counted using a TC20
automatic counter (Bio-Rad).

The results were statistically analyzed by the
Tukey’s test and Dunn’s test using GraphPad Prism 8
(GraphPad Software, Inc.). The data are presented as
M=SD. The differences were significant at p<0.05.

RESULTS

The effectiveness of recovery of hind limb mobility
after transplantation of cell preparations was assessed
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Fig. 1. Changes in the parameters of motor activity of the
hindlimbs of rats after transplantation of 1.5x10° rat EC into
spinal cord cysts. Changes in BBB scores (ABBB) are presented.
*p<0.05, **p<0.01 in comparison with the control (Dunn’s test).

using BBB test. After transplantation of all cell pre-
parations, a positive dynamic of hind limb recovery
was observed throughout the experiment (4 weeks),
while in the control group, no positive dynamics was
found (Fig. 1). Significant differences after administra-
tion of non-transduced EC were observed in 3 weeks
(»=0.0177), Ad5/35-CAG-Fluc-transduced EC after 1
and 4 weeks (p=0.023 and p=0.0055, respectively),
and EC transduced with Ad5/35-CAG-mBDNF also
after 1 and 4 weeks (p=0.023 and p=0.0315, respec-
tively). Thus, the revealed effect is apparently due to
the influence of the cellular component of the new
adenovector construct Ad5/35-CAG-mBDNF. We have
previously shown that olfactory mucosa EC survive
in the area of chronic injury over 30 days and migrate
into the tissue of the spinal cord [19]. Therefore, these
cells could influence neuroregeneration throughout the
entire experiment.

Another criterion for the efficiency of transplan-
tation of Ad5/35-CAG-mBDNF-transduced EC was
the size of the cysts before and after EC transplanta-
tion into the damaged area (Fig. 2). MRI showed that
the percentage of spinal cord cyst reduction in the
experimental groups was practically the same. Sig-
nificant differences from the control were observed
after transplantation of EC transduced with Ad5/35-
CAG-mBDNF (p=0.0404) and Ad5/35-CAG-Fluc
(»=0.0101). These findings suggest that the effect was
produced by the cellular component of the developed
adenovector construct, which corresponds to the re-
sults obtained in our previous study [19].

The data of MRI scans of the spine at the Th3-Th4
level 4 weeks after contusion injury and after transplan-
tation of Ad5/35-CAG-mBDNF transduced cells are
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shown in Figure 3. MRI images in other experimental
groups demonstrated the same trend (data not shown).

The revealed therapeutic effects were probably
due to the cell component of the construct. /n vitro
experiments were performed to determine the cause of
the ineffectiveness of mBDNF. The autocrine effect of
mBDNF on the proliferation of transduced cells was
assessed, because it is the number of cells that is an
important criterion for successful cell therapy [13].
On day 7 of the experiment, a tendency towards a
decrease in the proliferation of Ad5/35-CAG-mBDNF-
transduced cells was observed, while non-transduced
and Ad5/35-CAG-Fluc-transduced cells produced no
such an effect (Fig. 4). At the same time, significant
differences were observed on day 11 during cultur-
ing of Ad5/35-CAG-mBDNF-transduced EC in com-
parison with non-transduced EC (p=0.0032) and EC
transduced with Ad5/35-CAG-Fluc (p=0.0029). Thus,
we believe that mBDNF present in the gene-cell con-
struct slows down the proliferation of transduced cells,
and the new gene-cell construct studied by us is not
the best for cell therapy, where the number of cells is
undoubtedly an important factor.

According to published data, administration of
neurotrophic factor BDNF has a positive effect in the
treatment of various spinal cord injuries [9], though
some researchers do not confirm its effectiveness [8].
Based on our in vitro experiments, we believe that
transduced cells divide more slowly than non-trans-
duced ones. Hence, after transplantation into the site
of injury, the number of transduced cells may also be
lower than that of non-transduced cells. This can ne-
gate the expected effect of mBDNF, which is why the
Ad5/35-CAG-mBDNF-transduced cells are similar in
their effect to non-transduced EC.

In addition to the negative influence of the auto-
crine effect on the rate of cell proliferation, the ab-
sence of a pronounced effect of Ad5/35-CAG-mBDNF
transduced cells can be related to other mechanisms.
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Fig. 2. Change in the size of post-traumatic cysts in rat spinal
cord after transplantation of non-transduced EC (7) or EC
transduced with Ad5/35-CAG-mBDNF (2) or Ad5/35-CAG-Fluc
(3) in a dose of 1.5x108 per rat. *p<0.05 in comparison with the
control (Dunn’s test).
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Fig. 3. MRI image of spinal cord cyst (arrow) in the sagittal projection before (a) and 4 weeks after (b) transplantation of EC trans-
duced with Ad5/35-CAG-mBDNF in a dose of 1.5x108 per rat. A decrease in cyst size by 71% was revealed.

The neurotrophic factor BDNF can suppress debris
phagocytosis by EC in the damaged area [5], which
slows down the processes of neuroregeneration. Also,
mBDNF binds only to the TrkB receptor expressed by
not all neurons [15], which means that not all of them
interact with mBDNF.

The therapy of various spinal cord injuries with
gene-cell constructs is only developing part of regen-
erative medicine. Variable viral constructs consisting
of neurotrophins and different types of cells are cre-
ated in laboratories. For instance, a gene-cell construct
developed from human umbilical cord blood mono-
nuclear cells transduced with genes encoding VEGF
and GDNF promotes remyelination of neuronal axons
[16,17]. A construct was created from bone marrow
stromal cells transduced with an adenoviral vector
encoding BDNF, which supports trophic function and
neuronal regeneration [12].

Our study showed that the efficiency of rat ol-
factory mucosa EC transduced with an adenoviral
vector encoding mBDNF is probably determined by
the cellular component. BDNF may not be the best
therapeutic molecule for treating spinal cord injuries.
Adenovector constructs based on EC with other neu-
rotrophic factors may be more effective. Autologous
EC have shown their effectiveness in the treatment
of spinal cord injuries and can be further used in
personalized medicine.

This work was supported by the Russian Science
Foundation (grant No. 17-15-01133).
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Fig. 4. Proliferation of rat EC in vitro. **p<0.01 in comparison
with the control (Tukey test).
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