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Abstract

Fibroblast Growth Factor (FGF) shows promising therapy for Spinal Cord Injury (SCI). Neural
stem transplantation has been on the role implementing tactics to repair SCI. Considering the
hostile hypoxia condition in SCI, Adeno Associated Virus 2 (AAV?2) a prototype to AAV is
being used for most trials. Basic FGF gene was used in that hostile environment, results showed
improved functional recovery in SCI. The regulation of this gene FGF is transduce to yield
AAV2-5HRE-bFGF. The improved scores on inclined plane test of BBB (Basso-Bettie-
Bresnahan) scale and footprint analysis of functional recovery when compared with vehicle
control of AAV2 treatment showed inclination in NeuNNP, neuromodelin GAP43 and
neurofilament NF200 and declination in Glial Fibrillary Acidic Protein (GFAP). Other
expressions such as LC3-1l and Beclin 1 and autophagy-associated proteins all show decline,
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P62 protein is the oynone that has increased in AAV2 treatment group. This is the key to future
treatments of the expression in SCI.
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Introduction

Spinal cord injury changes the structure and function of bone, putting a huge burden on
individuals leading to high morbidity and mortality [1]. Central neurons are non-
reproducibility, therapies such as physical, drug and rehabilitation have significant efficacy for
recovery of functions of injured nerves. Neural stem cells have the ability to differentiate multi-
directionally and also possess self-renewal techniques which is a useful tool to cure SCI.
However this method have few hurdles to tackle, microcirculation disorder, local edema,
ischemia and hypoxia that are series of secondary injury. Few other complications like hypoxia
environment of SCI, pathogenic autophagy of neuron cells cause deterioration in SCI [2].
Autophagy is the process in which cells wrap the unwanted proteins or damaged organelles
into double membrane structure and lead them to lysosomes. It plays important role in
development, differentiation and survival of NSCs. But there is drawbacks to excess of
autophagy, causes abnormal proteins in the cells and impairment of normal activities of the
cells. Autophagy is induced by variety of stress stimuli, including hypoxia, endoplasmic
reticulum stress and DNA damage. Also mitochondria damage is another possibility. There are
possibilities of hindering effective repair of nerve cells after SCI. Autophagy was also involved
in cell death especially in neurons and spinal cord glial cells after SCI.

Below is the figure for autophagy in spinal cord (Fig. 1) [3].
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Figure 1: Autophagy in spinal cord.
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Therapeutic Interventions

The therapeutic interventions of SCI involves neurotrophic factors to reduce damage caused
by excessive autophagy in spinal cord, and protect secondary injury, exposure of free radicals
and misfolded proteins [4]. There are two pathways classically existing, one regulating
autophagy pathway, with mTOR pathways assisted by PI3k-ATK and Phosphate and Tensin
Homolog (PTEN) phosphate and Beclin 1- VVps-34 complex pathway. Below is the figure for
therapeutic intervention in spinal cord [4].

Beclin-1 over-expresses itself in the membrane associated form of microtubule related protein
light chain, cell death happens. The marker used is LC3-11 to track autophagy. It is an important
signal tool in autophagy process (Fig. 2) [5].

Mild traumatic SCI
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Figure 2: The marker used is LC3-11 to track autophagy.

Secondary Process

Another candidate molecule helpful for the SCI repair is basic Fibroblast Growth Factor
(bFGF). Its role is repair and recover spinal cord injury whenever deployed one major hurdle
it suffers when nerve cells does not survive in hostile hypoxia conditions, only cells that survive
them may repair SCI [6]. This system of repair peddles future research and may make it
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interesting to study. Below and above images shows recovery of spinal cord after incorporating
bFGF (Fig. 3 and 4) [7].
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Figure 3: Recovery of spinal cord after incorporating bFGF.
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Figure 4: Recovery of spinal cord after incorporating bFGF.

Further Study

In the above study, Hypoxia Response Element (HRE) is employed to control the bFGF
combined with a vector known as Adeno Associated Virus (AAV). This vector has neural cell
tropism, hence sites like AAV-SHRE-bFGF-NSCs on SCI were generated using array of
analysis such as inclined plane test and Basso-Bettie-Bresnahan (BBB) scale, foot print and
video recording analysis [8]. The data received shows fruitful effects of the above generated
sequence has therapeutic effects on repair of SCI. Below is the microsopic image of analysis

[9].
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Management of Fibrioblast in SCI

Below image shows management of FGF in SCI (Fig. 5) [9].
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Figure 5: Management of FGF in SCI.

Spinal cord injury is analysed via lesion cavity. Before proceeding further picture of normal
spinal cord and injured spinal cord will highlight facts (Fig. 6) [10].
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Figure 6: Spinal cord injury analysed.

SCI Model in Rat

Dawley rats was made unconscious with 5% isoflurane and then 3% of same formula before
surgery. The T9-T10 laminoid spinous area was removed and exposed. Then the median line
was hammered in T9 segment of spinal cord from a height 25 mm to make SCI model.

Below is the rat SCI model (Fig. 7) [11].
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After the SCI exposure, it was sutured and put through laminotomy but did not undergo heavy
blow procedure. Rats were then put in cage after regular injection of cefazolin sodium [12].

All animal experiments are approved by animal care and national health. They are performed
under guidelines of animal care and health. The embryo of Dawley rats aged 14-17 were
isolated and cell cultured in Dulbeccos’s modified medium added with bFGF (20 mg/ml) and
Epidermal Growth Factor (EGF) and 5% cell incubator. This procedure help the NSCs to divide
into ~150 balls of nerve cells in culture plate. They are then verified using nestin protein
expression by immunofluorescense staining. They are subjected to RAPA for 13 h and sent
into observation for finding the effects of autophagic pathway [13].
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Figure 7: Rat SCI model.

AAV2 Mediated HRE Fronted bFGF Gene Expression

The vectors AAV2-SHRE-bFGF and AAV2-SHRE are generated from pAOV001 pAAV-
CAG-MCS backbone plasmid in cloning site Mlu I and Hind Il. The SHRE vector is the five
repeats of HRE DNA sequence, paced upstream of CMV-cytomegalovirus minimum promoter.
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The vectors were co-transfected and propagated in HEK293 cells. They are purified by caesium
chloride quantitative polymerase chain reaction. The final totter of these are found to
somewhere at 2.15*10"14 and 8.12*107"12 mL/virus particles respectively and employs
subsequent NSCs transduction [14]. Further on these transduced cells were subjected to 1*10"3
Multiplicity of Infection (MOI) of vectors. These have a high rate of transduction which attains
upto 95%. They are later cultivated in normal culture condition, supernatant protein
concentration were detected using bFGF Enzyme Linked Immunosorbent Assay (ELISA).
Figure below AAV?2 induced procedure (Fig. 8) [15].

AAV delivery by cell-type

‘ AAV-CaMKlla promoter-GFP

CaMKlla Positive Neuron  CaMKlla Negative Neuron CaMKlla Positive AAV-Transduced Neuron  CaMKila Negative Neuron

AAV delivery by recombination

‘ AAV-DIO-GFP

ChAT Cre Positive Neuron  ChAT Cre Negative Neuron ChAT Positive AAV-Transduced Neuron  ChAT Negative Neuron

Figure 8: AAV2 induced procedure.

Transport and Replace of NSCs

Dawley rats were subjected to different divisions of each [12]. According to vectors and injury.
NSCs were then induced with MOI of AAV2-SHRE-bFGF virus particle for 48 hr. After that
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the spinal cord was exposed with 1*1076 resuspended in 5 nanol of PBS in SCI centre. At
different times for 10 different points the recovery was observed [16].

Recovery of SCI and its Recovery Results

Generally recovery is observed through BBB score, the oblique plate test, footprint and video
recording images. Conferring the expression of bFGF gene in NSCs they were transplanted to
site of SCI rats. AAV2-SHRE NSCs were used as vehicle control. Recovery were observed in
48 hr apart for two months after NSCs replacement. The oblique plate test yielded result to
AAV2-SHRE-bFGF-NSCs group of rats named group 1 (Fig. 9). The other tests also showed
an imprinting results. The graph was wave shaped and dragged movement. Below is the result
oftest, observed at different days [17].

The limb movement were also recorded and observed. There were no paralysis seen and
movement was horizontal and straight. The group 1 rats showed they can balance the support
of body of whole limb [18].

The group 1 rats has normally the lowest maximum height off the ground and footstep error to
the highest degree. The group 1 rats showed improvement in limb motor ability after
transplantation. Below shows fix of SCI with graph (Fig. 9) [19].
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Figure 9: Fix of SCI with graph.
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NeuN and GAP43 Work

NeuN an RNA binding protein and neuromodulin GAP43 proteins help in regulating neural
generation. After exposing to immunofluorescence straining these NeuN and GAP43 displayed
green expression of group 1 rats [20]. On further test with western blot analysis group 1 rats
had higher protein expression than all other groups. To enhance the study on group rats for
movement of autophagy earlier kept under observation, the autophagy pathway was examined
by immunofluorescence staining, result is that both LC3-11 and Beclin I cells were decreased
and 062 cells were increased. The overall result showed the group 1 rats had better recovery
function and also attributed to SCI induced autophagy by AAV2-SHRE-NGF-NSCs [21]. To
confirm more these were subjected to RAPA, agonist of autophagy and showed LC3-1l was
suppressed (Fig. 10) [22].
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Figure 10: SCI induced autophagy by AAV2-SHRE-NGF-NSCs. To confirm more these
were subjected to RAPA, agonist of autophagy and showed LC3-11 was suppressed.

Kumar PKR | Volume 2; Issue 2 (2021) | JRMBR-2(2)-016 | Research Article

Citation: Kumar PKR, et al. Expression of Neuron Specific Neuronal Nuclei Protein (NeuNNP) by
AAV2 Shows Diagnosis Ability in Spinal Cord Injury Using Neural Stem Cells. J Reg Med Biol Res.
2021;2(2):1-14.

DOI: http://dx.doi.org/10.46889/JRMBR.2021.2202



http://dx.doi.org/10.46889/JRMBR.2021.2202

Discussion and Conclusion

At cellular level, NSCs replace damaged neurons, oligodendrocytes and astrocytes to promote
axon regeneration and myelin sheath reconstruction [23]. At molecular level they release
neurotropic factors that help in reconstructing spinal cord. But sometimes the unfavourable
microenvironment leads to death of cells or apoptosis of transplanted cells [24]. Also NSCs
alteration if ambient oxygen level disturbs the therapy to SCI. The results have shown
autophagic death of neurons and glial cells play important role in SCI induced damage and
autophagy inhibition may serve therapeutic strategy for SCI [25]. P62 expression played a
major role in binding protein complex located inside autophagy activity. They also showed the
capacity to accumulate cytoplasm. Moreover Beclin 1 and LC3 1l protein levels were raised
during autophagy and showed increased P62 expression in group 1 rats [26].

bFGF a key neurotrophic factor in growth of neurons shows attenuated pathological changes
in nerve trauma reducing the oxygen radicals antagonising calcium that is overloaded and
decreasing the toxicity of nitric oxides. The use AAV2 in temporarily expressing bFGF protein
paves the way for future research [27-34].
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