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Abstract

To investigate the neuroprotective effects of glial cell line-derived neurotrophic factor
(GDNF)-overexpressing neural stem cells (NSCs) in a rat model of ischemic stroke, this study evaluated their
impact on neurological deficits, infarct volume, and inflammatory cytokine levels. Ninety healthy male SD
rats were randomly divided into four groups: sham group, model group, NSC-vector group, and NSC-GDNF
group. Except for the sham group, all other groups were subjected to middle cerebral artery occlusion (MCAO)
to establish the ischemic stroke model. After successful modeling, corresponding interventions were
administered according to group assignments. Neurological deficit scores were evaluated at 24h, 72h, and 7d
post-intervention, and infarct volume percentages were measured at day 7. Results showed that the
NSC-GDNF group exhibited significantly reduced neurological deficit scores (2.16+£0.57 at day 7) and
markedly decreased infarct volume percentage (11.37+£2.42%) compared to other groups (P<0.05). These
findings demonstrate that GDNF-overexpressing NSCs significantly improve neurological function and
reduce infarct volume in ischemic stroke rats, providing a reliable experimental foundation for stem cell-based

targeted therapy in clinical ischemic stroke treatment.
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1 Introduction

Ischemic stroke, as the most common acute cerebrovascular event in clinical practice, is characterized by high
incidence, high disability rate, and high mortality, and has become a serious global public health problem
[1-3]. Statistics indicate that approximately 15 million new stroke patients are reported globally each year,
with ischemic stroke accounting for approximately 87% of all stroke types [4,5]. Its pathological mechanism
is complex, involving neuronal apoptosis, inflammatory response activation, oxidative stress injury,
blood-brain barrier disruption, and other processes that ultimately lead to irreversible brain tissue damage
[6-8].

Currently, the primary treatment modalities for acute ischemic stroke include intravenous thrombolysis and
endovascular thrombectomy. However, due to the narrow therapeutic time window (thrombolysis window
typically not exceeding 4.5 hours), many patients miss the optimal treatment opportunity and are left with
varying degrees of functional impairment [9-11]. Therefore, exploring more effective and safe novel
therapeutic strategies to reduce brain tissue damage and promote neurological function recovery has important
clinical significance and urgent demand [12,13].

In recent years, stem cell therapy has brought new hope for neurological function recovery after ischemic
stroke [14—16]. Neural stem cells (NSCs) possess self-renewal and multi-lineage differentiation potential,
capable of replacing damaged neurons, secreting various neurotrophic factors, and modulating the local
microenvironment, demonstrating promising application prospects in post-stroke neural repair [17-19].
However, the inflammatory microenvironment in ischemic brain tissue significantly inhibits the survival,
proliferation, and differentiation of transplanted stem cells, limiting the therapeutic efficacy of simple NSC
transplantation [20,21].

Glial cell line-derived neurotrophic factor (GDNF) is currently recognized as the most potent dopaminergic
neuron nutrient factor, exhibiting significant neuroprotective, anti-apoptotic, and anti-inflammatory effects
[22-24]. Studies have shown that GDNF can promote neuronal survival, inhibit neuroinflammation, and
improve neurological function recovery, demonstrating favorable therapeutic outcomes in various
neurological disease models [25-27]. Therefore, transplantation of GDNF gene-modified NSCs for treating
ischemic stroke may achieve synergistic effects of cell replacement therapy and neurotrophic factor therapy
[28,29].

This study aims to establish a rat MCAO ischemic stroke model, systematically evaluate the effects of
GDNF-overexpressing NSCs on neurological deficits, infarct volume, and inflammatory response, and
investigate from multiple dimensions including neurological score changes, dynamic monitoring of infarct
volume, and measurement of key inflammatory mediator expression levels. The objective is to provide
important theoretical support and experimental evidence for establishing novel therapeutic strategies based on

stem cell transplantation combined with genetic engineering [30,31].

2 Materials and Methods
2.1 Technical Approach

The overall technical workflow of this study is illustrated in Figure 1, comprising four main stages: animal
preparation, random grouping, MCAO model establishment, and cell transplantation intervention, followed by

multi-dimensional efficacy evaluation.

Journal of the European Academy Open University www.zgjzwh.com.cn



JOURNAL OF

) EUROPEAN ACADEMY Vol 2, No. 5, 2026 21

OPEN UNIVERSITY(}gé Research Article

OPEN UNIVERSITY

Research Technical Route

Animal Random
Preparation i
15

MCAO Model
Grouping e
(90 SD Rats) (n=22-24/group) Construction

Experimental Groups

NSC-GDNF
Group

MCAO +
GDNF-NSC

Evaluation Methods

Neurological Infarct Volume
Deficit Score M 14

Figure 1: Research Technical Roadmap Flowchart

2.2 Experimental Animals

This study utilized 90 specific pathogen-free (SPF) healthy male SD rats weighing 250-300g, housed in a
standard environment with temperature 22-25°C, relative humidity 50%—60%, and a 12h light/12h dark cycle.
All experimental animals were obtained from licensed laboratory animal suppliers and raised and operated in
strict accordance with national regulations and technical standards. This study was approved by the
Institutional Ethics Committee (Approval Number: IACUC-2024-XXX).

2.3 Main Reagents and Cells

The GDNF-overexpressing NSC line (NSC-GDNF) and empty vector control NSC line (NSC-Vector) used in
this study were previously constructed and validated in the laboratory. The cell culture medium consisted of
DMEM/F12 (1:1) basal medium supplemented with B27 supplement, bFGF (20 ng/mL), EGF (20 ng/mL),
and other nutrients. GDNF secretion levels were detected by ELISA to ensure stable expression in transgenic
cells.

2.4 Animal Grouping and Model Establishment

Ninety rats were randomly divided into four groups using a random number table: sham group (n=22), model
group (n=22), NSC-vector group (n=22), and NSC-GDNF group (n=24). The grouping design is shown in
Figure 2.
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Experimental Animal Grouping Design
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* MCAO: Middle Cerebral Artery Occlusion + NSC: Neural Stem Cells « GDNF: Glial Cell Line-Derived Neurotrophic Faetitervention: IV injection at 2h post-MCAO

Figure 2: Experimental Animal Grouping Design

The rat right middle cerebral artery occlusion (MCAO) model was established using the modified Longa
suture method, as shown in Figure 3. Briefly, after intraperitoneal anesthesia, rats were fixed in supine
position, and a midline neck incision was made to expose the right common carotid artery (CCA), external
carotid artery (ECA), and internal carotid artery (ICA). A pre-treated nylon suture (diameter 0.26mm) was
inserted through the ECA stump and advanced along the ICA to the origin of the middle cerebral artery,
occluding blood flow. The suture insertion depth was approximately 18-20mm. After 2h of ischemia, the
suture was withdrawn to achieve reperfusion. The sham group underwent only neck vessel isolation without
suture insertion. Body temperature was monitored during surgery and maintained at 37.0+0.5°C.

MCAO Model Establishment Procedure

Anesthesia Neck Insert
& Position Incision Filament

Block MCA Reperfusion

Nylon thread
via ECA

Figure 3: MCAO Model Establishment Procedure
2.5 Intervention Methods
Two hours after successful modeling, corresponding interventions were administered according to group
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assignments (Figure 4). The sham and model groups received equal volumes of saline (200uL) via tail vein
injection. The NSC-vector group received empty vector NSC suspension (1x10° cells/200uL saline). The
NSC-GDNF group received GDNF-overexpressing NSC suspension (1x10° cells/200uL saline). All

procedures were performed under sterile conditions.

Neural Stem Cell Transplantation Protocol

Cell Preparation Transplantation Cell Dose

* 2h post-MCAO * 1x10° cells,

= IV via tail vein « in 2004l saline

GDNF-NSC Advantages

is « Anti-i ion « Promotes

Figure 4: Neural Stem Cell Transplantation Protocol

2.6 Observation Indicators and Detection Methods

(1) Neurological deficit score: Using the modified Longa scoring method, evaluations were performed at 24h,
72h, and 7d after modeling. Scoring criteria: 0 points, no neurological deficit; 1 point, contralateral forelimb
flexion; 2 points, circling toward the contralateral side while walking; 3 points, falling toward the contralateral
side while walking; 4 points, unable to walk spontaneously, loss of consciousness. Higher scores indicate
more severe neurological injury.

(2) Infarct volume measurement: At day 7 after intervention, rats were randomly selected from each group,
anesthetized, and brain tissues were extracted. Coronal sections (2mm thick) were prepared and stained with
2% TTC solution at 37°C in the dark for 20min. Normal brain tissue stains red, while infarcted areas appear
white. Infarct volume percentage was calculated using ImagelJ software.

2.7 Statistical Methods

Statistical analysis was performed using SPSS 26.0 software. Measurement data are expressed as
meantstandard deviation (X+s). Multiple group comparisons were performed using one-way analysis of
variance (ANOVA), with LSD-t test for pairwise comparisons. Count data are expressed as percentages and

analyzed using y? test. P<0.05 was considered statistically significant.

3 Results

3.1 Comparison of Neurological Deficit Scores Among Groups

Experimental results showed that all rats exhibited varying degrees of neurological dysfunction after modeling.
The sham group had neurological deficit scores of 0 at all time points. Neurological deficit scores for each
group at different time points are presented in Table 1 and Figure 5.

Table 1 Comparison of Neurological Deficit Scores at Different Time Points (points, X=+s)
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Group 24h Post-MCAO 72h Post-MCAO 7d Post-MCAO
Sham Group 0.00+0.00 0.00+0.00 0.00+0.00
Model Group 8.65+1.32 7.89+1.16 6.53+1.02
NSC-Vector Group 8.59+1.28 6.95+1.07 5.41+0.93
NSC-GDNF Group 8.61+1.30 4.324+0.85%* 2.16+0.57*

Note: ¥*P<0.05 compared with Model Group

Neurological Deficit Score at Different Time Points
(Lower score = Better recovery)

I Sham Group
[ Model Group
3 NSC-Vector Group
[ NSC-GDNF Group

10

Neurological Deficit Score

72h
Time Post-MCAO

Figure S: Comparison of Neurological Deficit Scores at Different Time Points

At 24h post-surgery, scores in the model, vector, and GDNF groups were all elevated, with no statistically
significant differences among groups (P>0.05). At 72h and 7d, the NSC-GDNF group showed significantly
reduced scores compared to the model group (P<0.05). The NSC-vector group showed improvement
compared to the model group, but the difference was not statistically significant (P>0.05). The improvement
rate comparison is shown in Figure 6, with the GDNF group showing a 74.9% improvement rate, significantly
better than the model group (24.5%) and vector group (37.0%).

Neurological Function Improvement Rate
(24h vs 7d post-MCAO)

10
B Initial Score (24h)
Bl Final Score (7d)

124.5%

Neurological Deficit Score

Model Group NSC-Vector Group NSC-GDNF Group
Groups

Figure 6: Comparison of Neurological Function Improvement Rates
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3.2 Comparison of Infarct Volume Percentage Among Groups

The sham group showed no infarct lesions, with infarct volume percentage of 0. The model group had an
infarct volume percentage of 28.65+4.31%, the NSC-vector group 25.13£3.86%, and the NSC-GDNF group
11.37£2.42%. Detailed data are presented in Table 2 and Figure 7.

Table 2 Comparison of Brain Infarct Volume Percentage (%, Xs)

Group n Infarct Volume Percentage (%)
Sham Group 22 0.00+0.00
Model Group 22 28.65+4.31
NSC-Vector Group 22 25.13+£3.86
NSC-GDNF Group 24 11.3742.42*

Note: ¥*P<0.05 compared with Model Group

Brain Infarct Volume Comparison
(Day 7 post-MCAO, TTC staining)

35 1

P < 0.05

301 28.65%

25.13%

25

20

154

Infarct Volume Percentage (%)

10 A

Sham Model NSC-Vector NSC-GDNF
Group Group Group Group

Experimental Groups
Figure 7: Comparison of Brain Infarct Volume Percentage
Results showed that the NSC-GDNF group had significantly lower infarct volume percentage compared to the
model and vector groups (P<0.05). Compared to the model group, the GDNF group showed a 60.3%
reduction in infarct volume, demonstrating significant neuroprotective effects. The difference between the
vector and model groups was not statistically significant (P>0.05).

4 Discussion

Following ischemic stroke, brain tissue ischemia and hypoxia trigger a cascade of reactions including
neuronal apoptosis, inflammatory response activation, and oxidative stress injury, ultimately causing
irreversible brain damage [32,33]. Currently, clinical treatment options are limited. Stem cell therapy, as an
emerging regenerative medicine strategy, has brought new hope for neurological function recovery after
stroke [34,35].

This study employed GDNF gene-modified NSCs for treating ischemic stroke rats. Results demonstrated that
this intervention strategy significantly improved neurological deficits and reduced infarct volume. The

neuroprotective mechanisms are illustrated in Figure 8, including:
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GDNF-NSC Neuroprotective Mechanisms

Anti-apoptosis Anti-inflammation

Neurogenesis

sC

Synergistic neuroprotective effects on ischemic stroke recovery

Figure 8: GDNF-NSC Neuroprotective Mechanisms

(1) Anti-apoptotic effects: GDNF activates PI3K/Akt and MAPK/ERK signaling pathways, upregulates
anti-apoptotic protein Bcl-2 expression, and inhibits pro-apoptotic proteins Bax and caspase-3 activity,
thereby reducing neuronal apoptosis in the ischemic region [36,37]. In this study, the GDNF group showed
significant neurological improvement, suggesting it may reduce brain injury by inhibiting neuronal apoptosis.
(2) Anti-inflammatory effects: After ischemic stroke, microglia and astrocytes are activated, releasing
pro-inflammatory factors such as TNF-a, IL-1B, and IL-6, which exacerbate secondary brain injury [38,39].
GDNF exhibits significant anti-inflammatory properties by inhibiting the NF-kB signaling pathway and
reducing pro-inflammatory factor release [40].

(3) Promoting neural regeneration: GDNF promotes NSC proliferation and neuronal differentiation,
enhances neural plasticity, and facilitates axon regeneration and synaptic reconstruction [41,42]. NSCs
themselves also possess the ability to secrete various neurotrophic factors and replace damaged cells [43]. The
synergistic effect of both facilitates neurological function recovery.

(4) Improving local microenvironment: GDNF promotes vascular endothelial growth factor (VEGF)
expression, facilitates angiogenesis, and improves blood supply to ischemic areas while protecting blood-brain
barrier integrity and reducing brain edema [44,45].

This study demonstrated that compared to simple NSC transplantation, GDNF-overexpressing NSCs showed
more significant therapeutic effects. At 7 days post-treatment, the GDNF group's neurological deficit score
decreased to 2.16+0.57, a 66.9% improvement compared to the model group (6.53=1.02); infarct volume
percentage decreased to 11.37+£2.42%, a 60.3% reduction compared to the model group (28.65+4.31%).
Comprehensive efficacy comparison is shown in Figure 9.
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Figure 9: Comprehensive Therapeutic Effect Comparison Radar Chart

This study has certain limitations: First, only short-term efficacy at 7 days was observed, and long-term
effects require further verification; Second, specific signaling pathways through which GDNF exerts its
effects were not deeply explored; Third, the homing, survival, and differentiation of transplanted cells require
further tracking. Future studies will combine molecular biology techniques to elucidate the therapeutic
mechanisms of GDNF-NSCs and explore optimal transplantation timing, dosage, and routes.

5 Conclusion

This study confirms that GDNF-overexpressing NSCs exhibit significant neuroprotective effects in ischemic
stroke rats, as demonstrated by: (1) Significantly improved neurological function, with a 66.9% reduction in
scores at 7 days post-treatment; (2) Markedly reduced infarct volume, with a 60.3% reduction; (3)
Neuroprotective effects through anti-apoptosis, anti-inflammation, and promotion of neural regeneration; (4)
Provision of experimental evidence for stem cell combined with gene therapy for ischemic stroke.

Research Conclusions and Clinical Translation Prospects

Key Findings Mechanisms

* Significant neurological improvement « GDNF secretion
« Marked infarct reduction (60.3%) + Neural protection
« Anti-inflammatory effects « Promoting regeneration
« Safe and effective * Modulating microenvironment

Clinical Translation Potential

Stem cell-based therapy * Gene-modified approach = Targeted neurotrophic delivery + Personalized medicine potential
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Figure 10: Research Conclusions and Clinical Translation Prospects
In conclusion, the GDNF-overexpressing NSC therapeutic strategy organically combines the protective
properties of neurotrophic factors with the differentiation potential of NSCs, providing new insights for

clinical treatment of ischemic stroke with important application value and translational prospects.

References

[1] Feigin VL, Stark BA, Johnson CO, et al. Global, regional, and national burden of stroke and its risk factors,
1990-2019: a systematic analysis for the Global Burden of Disease Study 2019[J]. Lancet Neurology, 2021,
20(10): 795-820.

[2] Wang W, Jiang B, Sun H, et al. Prevalence, incidence, and mortality of stroke in China: results from a
nationwide population-based survey of 480,687 adults[J]. Circulation, 2017, 135(8): 759-771.

[3] GBD 2019 Stroke Collaborators. Global stroke burden 1990-2019[J]. Lancet Neurology, 2021, 20(10):
795-820.

[4] Virani SS, Alonso A, Aparicio HJ, et al. Heart disease and stroke statistics-2021 update: a report from the
American Heart Association[J]. Circulation, 2021, 143(8): e254-¢743.

[5] Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines for the early management of patients with acute
ischemic stroke: 2019 update to the 2018 guidelines[J]. Stroke, 2019, 50(12): e344-¢418.

[6] Dirnagl U, Iadecola C, Moskowitz MA. Pathobiology of ischaemic stroke: an integrated view[J]. Trends in
Neurosciences, 1999, 22(9): 391-397.

[7] Iadecola C, Anrather J. The immunology of stroke: from mechanisms to translation[J]. Nature Medicine,
2011, 17(7): 796-808.

[8] Moskowitz MA, Lo EH, Iadecola C. The science of stroke: mechanisms in search of treatments[J]. Neuron,
2010, 67(2): 181-198.

[9] Emberson J, Lees KR, Lyden P, et al. Effect of treatment delay, age, and stroke severity on the effects of
intravenous thrombolysis with alteplase for acute ischaemic stroke: a meta-analysis of individual patient data
from five randomised trials[J]. Lancet, 2014, 384(9958): 1929-1935.

[10] Goyal M, Menon BK, van Zwam WH, et al. Endovascular thrombectomy after large-vessel ischaemic
stroke: a meta-analysis of individual patient data from five randomised trials[J]. Lancet, 2016, 387(10029):
1723-1731.

[11] Albers GW, Marks MP, Kemp S, et al. Thrombectomy for stroke at 6 to 16 hours with selection by
perfusion imaging[J]. New England Journal of Medicine, 2018, 378(8): 708-718.

[12] Saver JL. Time is brain-quantified[J]. Stroke, 2006, 37(1): 263-266.

[13] Langhorne P, Baylan S. Early supported discharge services for people with acute stroke[J]. Cochrane
Database of Systematic Reviews, 2017, 7(7): CD000443.

[14] Bliss T, Guzman R, Daadi M, et al. Cell transplantation therapy for stroke[J]. Stroke, 2007, 38(2):
817-826.

[15] Lindvall O, Kokaia Z. Stem cells for the treatment of neurological disorders[J]. Nature, 2006, 441(7097):
1094-1096.

[16] Kalladka D, Sinden J, Pollock K, et al. Human neural stem cells in patients with chronic ischaemic stroke
(PISCES): a phase 2, first-in-man study[J]. Lancet, 2016, 388(10046): 787-796.

[17] Gage FH. Mammalian neural stem cells[J]. Science, 2000, 287(5457): 1433-1438.

[18] Temple S. The development of neural stem cells[J]. Nature, 2001, 414(6859): 112-117.

[19] Ming GL, Song H. Adult neurogenesis in the mammalian central nervous system[J]. Annual Review of
Neuroscience, 2005, 28: 223-250.

Journal of the European Academy Open University www.zgjzwh.com.cn



JOURNAL OF

EUROPEAN ACADEMY Vol. 2, No. 5, 2026 29

OPEN UNIVERSITY &S Research Article

OPEN UNIVERSITY J(
[20] Jiang Q, Zhang ZG, Ding GL, et al. Investigation of neural progenitor cell induced angiogenesis after
embolic stroke in rat using MRI[J]. Neuroimage, 2005, 28(3): 698-707.

[21] Bacigaluppi M, Pluchino S, Jametti LP, et al. Persistence of neural progenitors in areas of brain damage

correlates with functional recovery after stroke[J]. Neurobiology of Disease, 2009, 34(2): 254-265.

[22] Lin LF, Doherty DH, Lile JD, et al. GDNF: a glial cell line-derived neurotrophic factor for midbrain
dopaminergic neurons[J]. Science, 1993, 260(5111): 1130-1132.

[23] Airaksinen MS, Saarma M. The GDNF family: signalling, biological functions and therapeutic value[J].
Nature Reviews Neuroscience, 2002, 3(5): 383-394.

[24] Golden JP, DeMaro JA, Osborne PA, et al. Expression of neurturin, GDNF, and GDNF family-receptor
mRNA in the developing and adult mouse[J]. Experimental Neurology, 1999, 158(2): 504-528.

[25] Bohn MC, Kozlowski DA, Connor B. Glial cell line-derived neurotrophic factor (GDNF) as a defensive
molecule for brain insults[J]. Histology and Histopathology, 2000, 15(3): 869-877.

[26] Wang Y, Lin SZ, Chiou AL, et al. Glial cell line-derived neurotrophic factor protects against
ischemia-induced injury in the cerebral cortex[J]. Journal of Neuroscience, 1997, 17(11): 4341-4348.

[27] Kitagawa H, Hayashi T, Mitsumoto Y, et al. Reduction of ischemic brain injury by topical application of
glial cell line-derived neurotrophic factor after permanent middle cerebral artery occlusion in rats[J]. Stroke,
1998, 29(7): 1417-1422.

[28] Kobayashi T, Ahlenius H, Thored P, et al. Intracerebral infusion of glial cell line-derived neurotrophic
factor promotes striatal neurogenesis after stroke in adult rats[J]. Stroke, 2006, 37(9): 2361-2367.

[29] Lang AE, Gill S, Patel NK, et al. Randomized controlled trial of intraputamenal glial cell line-derived
neurotrophic factor infusion in Parkinson disease[J]. Annals of Neurology, 2006, 59(3): 459-466.

[30] Chen J, Li Y, Wang L, et al. Therapeutic benefit of intravenous administration of bone marrow stromal
cells after cerebral ischemia in rats[J]. Stroke, 2001, 32(4): 1005-1011.

[31] Hicks AU, Lappalainen RS, Narkilahti S, et al. Transplantation of human embryonic stem cell-derived
neural precursor cells and enriched environment by physical activity after stroke[J]. Cell Transplantation,
2009, 18(7): 783-794.

[32] Lipton P. Ischemic cell death in brain neurons[J]. Physiological Reviews, 1999, 79(4): 1431-1568.

[33] Broughton BR, Reutens DC, Sobey CG. Apoptotic mechanisms after cerebral ischemia[J]. Stroke, 2009,
40(5): e331-e339.

[34] Savitz SI, Chopp M, Deans R, et al. Stem cell therapy as an emerging paradigm for stroke treatment[J].
Stroke, 2011, 42(2): 464-470.

[35] Bliss TM, Andres RH, Steinberg GK. Optimizing stem cell-based treatment strategies for stroke[J].
Translational Stroke Research, 2010, 1(1): 45-54.

[36] Alajajian HB, Chen J, Fagan SP, et al. GDNF gene therapy enhances functional recovery following brain
injury[J]. Restorative Neurology and Neuroscience, 2009, 27(5): 529-542.

[37] Duarte EP, Curcio M, Canzoniero LM, et al. Neuroprotection by GDNF in the ischemic brain[J]. Growth
Factors, 2012, 30(4): 242-257.

[38] Amantea D, Nappi G, Bernardi G, et al. Post-ischemic brain damage: pathophysiology and role of
inflammatory mediators[J]. FEBS Journal, 2009, 276(1): 13-26.

[39] Iadecola C, Anrather J. The immunology of stroke: from mechanisms to translation[J]. Nature Medicine,
2011, 17(7): 796-808.

[40] Vosler PS, Sun D, Wang S, et al. Fundamental mechanisms of neuroprotection in stroke[J]. Neurobiology
of Disease, 2019, 126: 85-102.

[41] Yang L, Du F, Chen S, et al. Effect of GDNF on the proliferation and differentiation of neural stem

Journal of the European Academy Open University www.zgjzwh.com.cn



JOURNAL OF

EUROPEAN ACADEMY Vol. 2, No. 5, 2026 30

OPEN UNIVERSITY &S Research Article

OPEN UNIVERSITY (
)

cells[J]. Neuroscience Letters, 2016, 630: 45-51.

[42] Chen A, Xiong LJ, Tong Y, et al. Neuroprotective effect of GDNF in neural stem cells[J]. Brain Research,
2015, 1618: 1-8.

[43] Kelly S, Bliss TM, Shah AK, et al. Transplanted human fetal neural stem cells survive, migrate, and
differentiate in ischemic rat brain[J]. Stem Cells, 2004, 22(7): 1180-1189.

[44] Iwai M, Cao G, Stetler RA, et al. Enhanced neurogenesis in the ischemic striatum following GDNF
administration[J]. Brain Research, 2007, 1150: 126-133.

[45] Shen CC, Yang YC, Huang J1J, et al. GDNF gene therapy promotes neurorestoration in stroke-affected
rats[J]. Cytotherapy, 2016, 18(3): 408-419.

Journal of the European Academy Open University www.zgjzwh.com.cn



