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We are developing clonal human neural stem cell lines, 
generated under quality assured conditions by retroviral transduction of 
primary foetal brain tissue using a regulateable gene, mycERTaM for 
treatment of neurological disorders. The functional efficacy of cell line 
CTXOE03 for behavioural recovery was tested in the transient 
intraluminal filament model of Middle Cerebral Artery occlusion (MCAo).         

Four weeks after MCAo onset, rats were grouped for behavioural 
dysfunction by testing for removal of tape from the forelimbs and 
amphetamine induced rotational bias. Animals received CTX0E03 cells 
or transplant vehicle (n=10,7) at 4 sites bilaterally (S400,000 cells), 4 
weeks after MCAo onset. Post-graft testing commenced 6 weeks later. 
CTXOE03 treated rats demonstrated significantly improved behavioural 
recovery of sensori-motor function in tape contact and removal (both 
p<0.01) when compared to vehicle treated rats. CTXOE03 treated rats 
had significantly less rotational bias when compared to vehicle treated 
rats (p<0.001). There was no difference in lesion volumes between 
groups. 

These results provide evidence for functional efficacy of the 
CTXOE03 cell line in animals with established behavioural deficits. The 
cell line was developed to the regulatory standards necessary for 
clinical development and is currently in cGMP banking and preclinical 
development for clinical trials.
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The CTX OE 03 cell line is a human neural stem cell line. 
This cell line is clonal, stable, and grows well in culture 
conditions.

The CTX OE 03 cell line has been derived under GLP-like 
standards for clinical use and is currently in cell banking.

Grafting of CTX OE 03 cells weeks after MCAo:

Reduced sensory and motor deficits in tape contact and 
removal on the affected limb

Reduced motor asymmetry after amphetamine 
administration

Survived and migrated well in this long term behavioural 
study

Did not effect on the infarct volume

The derivation and development of this cell line enables it 
to be a potential candidate for human trials in patients 
with stroke damage.

In vitro screening 
Cell line suitability for advancement was determined by selecting for 
genetic markers of migration and karyotypic stability. Differentiation 
after the addition and withdrawal of growth factors was also evaluated. 
Viability for harvesting and transplant preparation was determined along 
with cell robustness to freezing. 

In vivo screening

To evaluate suitability for efficacy studies, 16 cell lines were
transplanted into brains of animals with excitotoxic lesions of the 
striatum. After 2 and 5 weeks, post-mortem immunohistochemical 
analyses were performed. Confocal images, A, B and C are examples 
of  survival and neuronal differentiation (HuNuc protein (green),
Neurofilaments (red)) of 1 of the 16 grafted cell lines. Cell lines that 
survived, migrated and differentiated after transplantation were
advanced into behavioural efficacy testing in the MCAo model of stroke.

Screening process
Over 100 clonal cell lines were derived from 5 tissue samples. A
process of determining the optimal lines for in vivo testing was required 
to select the most promising candidates to progress to in vivo survival 
and differentiation studies. We used a combination of criteria to select 
~16 lines to graft for histological investigation. 

The ability of c-myc to maintain cell proliferation makes it a prime 
candidate for stem cell expansion, permitting industrial scale growth, 
yet maintaining normal karyotype. A transcriptionally inactive mutant 
murine oestrogen receptor (ER) is fused to the c-terminus of the c-myc 
protein, to create a product with high receptor affinity for the synthetic 
ligand tamoxifen (4-OHT), but not for hormonal oestrogen. In the 
presence of 4-OHT, mycERTaM remains within the cell nucleus 
promoting cell proliferation, but on withdrawal of 4-OHT and growth 
factors, mycERTaM translocates to the cytoplasm, cell division is 
switched off, and differentiation initiated.   

Grafting of cells did not influence the final size of the lesion, suggesting 
that the improved behavioural outcomes was not due to reduced brain 
damage. There was no significant difference between the NAC and 
CTX OE 03 treated groups, while both stroke groups were significantly 
different from the sham animals (p<0.001 ANOVA). The volume and 
numbers of cells grafted was not adequate to directly replace damaged 
tissue.

Following behavioural tests, brains were processed and examined for 
graft-host brain interactions. Excellent survival (Figs A & B) and 
migration (Fig. C) of CTX OE 03 were seen in this long-term study. 
Transplanted cells were tracked using Human nuclear protein, green.
Neurofilaments are seen in red.

Stroke animals exhibit rotational bias after injection of d-amphetamine 
sulfate (2.5mg/kg sc) turning towards the lesion. Grafting of CTX OE 03 
cells significantly reduced the rotational bias compared to NAC treated 
performance (p<0.001, ANOVA). There was still a significant difference 
in performance between the sham and CTX OE 03 treated groups 
(p<0.001 ANOVA).

Stroke animals with vehicle grafts exhibit a delay in the time to remove 
tape from the affected limb after MCAo and grafting. Grafting of CTX 
OE 03 cells significantly reduced the time to remove the tape when 
compared to NAC treated performance (p<0.001, 2 way ANOVA). 
There was no difference between sham and CTX OE 03 treated 
animals in time to tape removal.

Animals had tape strips wrapped around both forepaws. Time to 
contact and removal was recorded for each limb (Modo etal ’02). Stroke 
animals with vehicle grafts (NAC) exhibit a delay in the time to contact 
tape on the affected limb after MCAo and grafting. Grafting of CTX OE 
03 cells significantly reduced the time to contact the tape on the 
affected limb when compared to NAC treated performance (p<0.01, 2 
way ANOVA). There was no difference in the time  to contact between 
the sham and CTX OE 03 treated animals.
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Stem Cell Line Generation
Human neural stem cells were isolated from ~12 week old foetal brain 
tissue following elective terminations in accordance with ethical and 
legal guidelines. Dissociated cells were seeded, expanded and infected 
with pLNC-c-MycERTAM virus stock, supplemented with growth factors. 
72 h after infection, cells were passaged and re-seeded and put under 
neomycin selection. About 3 weeks later, clones emerged (20-30 per 
preparation) and were transferred to individual 24 well plates.
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Cells Promote Motor Recovery
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