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CONFERENCE EXCLUSIVE

O
phthalmic disorders are 
a group of diseases with 
a rapidly increasing fre-
quency associated with 
an increase in the aged 

population.1–3  Patients with potentially 
blinding diseases have become one of 
the largest segments of the healthcare 
field, with more than 50 million patients 
in the United States alone.  Their sight 
is threatened by diseases such as age-
related macular degeneration (AMD), 
diabetic retinopathy (DR), glaucoma, or 
retinitis pigmentosa (RP).4–12

Until recently, there were essentially 
no effective treatment options to halt 
the progression of chronic, potential-
ly blinding diseases.  Biotechnological 
advances have resulted in the develop-
ment of a variety of promising new pro-
tein factors that, if delivered to diseased 
cells of the retina, hold promise for 
treatment by interrupting or reversing 
disease processes.

Many studies have demonstrated the 
promise of neurotrophic factors as ther-
apeutics for RP in a variety of animal 

models of the disease.  Among them, 
ciliary neurotrophic factor (CNTF) is 
reported to be the most effective in 
reducing retinal degeneration.13  CNTF 
is a member of the IL-6 family of neuro-
trophic cytokines.  Its biological activi-
ties are mediated through a hetero-
trimeric complex consisting of CNTF 
receptor alpha, gp130, and LIF receptor 
beta, which activates the JAK/STAT sig-
nal transduction pathways.  Although 
its intrinsic function in adult animals is 
not fully understood, exogenous CNTF 
affects the survival and differentiation 
of a variety of cells in the nervous sys-
tem, including retinal cells.  In spite of 

the consistent demonstration of CNTF 
to provide a protective effect on photo-
receptors in various animal models, the 
local adverse effects associated with its 
intraocular injection, its short half-life 
following intravitreal administration, 
and the blood-retina barrier, which pre-
cludes useful systemic administration of 
CNTF, have prevented the further clini-
cal development and therapeutic prac-
ticality of CNTF as a treatment option 
for RP.  In this regard, the application 
of ECT-mediated delivery of CNTF is 
being pursued to determine if the pro-
gression of retinal degeneration can be 
halted or slowed in patients with RP.
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Figure 1. Encapsulated Cell Technology facilitates the long-term delivery of therapeutic mol-
ecules secreted by genetically engineered cells in the absence of an immune response. The 
structure of the HFM allows for the inward diffusion of oxygen and nutrients and the release of 
a specific therapeutic protein factor to the implantation site.
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Sustained Ocular Delivery of Protein 
Therapeutic Factors with ECT

The chronic nature of most retinal 
diseases and the issues associated with 
other methods of therapeutic protein 
delivery to the back of the eye served as 
the basis for ECT product development.  
ECT relies on the transplantation of 
genetically engineered cells that stably 
secrete a specific therapeutic factor at 
the site of implantation (Fig. 1).  The 
cells are contained within the immu-
noprotective hollow fiber membrane 
(HFM) device.  The characteristics of 
the membrane allow for long-term cell 
survival and continuous protein expres-
sion.  Pore structure of the HFM allows 
inward diffusion of oxygen and nutri-
ents and the release of the therapeutic 
protein to the implantation site (Fig. 2).  
The HFM structure also prevents the 
direct contact of the immune system 
components with the transplanted cells.

ECT Device Design for Intraocular 
Delivery

The current ECT product concept 
for the intraocular delivery of CNTF 
consists of a HFM surrounding a num-
ber of strands of yarn, which serves 
as a scaffolding for cell adherence and 
growth.  The ends of the HFM are sealed 
with medical grade, light-cured adhesive 

Figure 2. The Hollow Fiber Membrane (HFM) employed in ECT: (a) Cross section of the HFM. 
(b) Magnified image of the HFM demonstrating the foam pore structure. 

Figure 3.  A schematic of the ECT device depicting each component (the titanium anchor, UV 
light cured adhesive (at the proximal and leading end seals), and the HFM. The sectioned view 
of the inner lumen shows the yarn scaffolding and scaffold adherent cells. 

Figure 4. The ECT device. (a) ECT device showing the titanium loop, HFM, and adhesive. (b) 
The total length of the ECT device is up to 11 mm. The relatively small size of the device makes 
it easy to implant and retrieve. 

Figure 6. Placement of the ECT device within 
the human eye. The device is anchored in the 
scleral tissue using the titanium loop and can 
deliver therapeutic molecules for up to one 
year. The device is anchored in a manner so 
that it sits outside of the visual axis. 

Titanium anchor Scaffold adhered cells

Proximal end seal
Hollow fiber membrane

Leading end seal

Total Device Length is up to 11 mm
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after the interior has been loaded with 
cells.  A titanium loop, which facilitates 
surgical implantation of the device and 
also acts as the suture site, is attached 
to the proximal end of the device (Figs. 
3, 4, & 5).  Implantation is achieved by 
making a small incision in the sclera fol-
lowed by insertion of the device through 
the opening.  The device is anchored to 
the pars plana and is secured so that it 
sits outside of the visual axis (Fig. 6).

The platform cell line employed in 
ECT-mediated protein factor delivery, 
NTC-200, was derived from the human 
adult retinal pigment epithelial cell 
line, ARPE-19.  ARPE-19 was gener-
ated from normal donor eyes.  This cell 
line was spontaneously immortalized 
and retained a number of differentiated 
properties of retinal pigment epithelia 
(RPE), including polarized distribution 
of cellular organelles as well as expres-
sion of cellular retinaldehyde binding 
protein (CRABP) and RPE-65, an RPE 
cell-specific molecule thought to play a 
role in the RPE-photoreceptor vitamin 
A cycle.14,15  ARPE-19 cells were also 
found to survive in nutrient poor cul-
ture environments, tolerate encapsula-
tion conditions, and could be genetically 
modified to express a wide variety of 
recombinant proteins.  Neurotech pro-
vided the NTC-200 designation to the 
master stock of these cells after prelimi-
nary safety and performance testing had 
produced acceptable results.

NTC-200 cells were transfected with 
a proprietary mammalian expression 
plasmid containing the human CNTF 
gene to create a number of stable CNTF-
secreting cell lines.  Constitutive CNTF 
expression with this plasmid is driven 
by the mouse metallothionein pro-

Figure 5.  Photomicrograph of the multifila-
ment scaffolding within the membrane of the 
ECT device.

Table 1. Testing Performed on CNTF Producing Cell Banks Employed in ECT

Figure 7. Photoreceptor (PR) protection in rcd1 canine model of RP.  Devices were implanted 
in one eye of each study animal with the contralateral eye receiving no treatment for a period 
of seven weeks. The eye implanted with the ECT device had significantly more photoreceptor 
cells in the ONL than the untreated control (5-6 layers vs. 2-3 layers).
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moter.  To target CNTF for secretion, the 
genomic murine immunoglobulin signal 
peptide gene was fused in frame to the 5' 
genomic human CNTF gene.  Cultures 
of NTC-200 cells were exposed to micro-
gram quantities of plasmid DNA in the 
presence of FuGENE 6 (Boehringer 
Mannheim, Inc.).  Transfectants were 
selected through exposure of the cultured 
cells to the selection agent Geneticin 
(G418).  Candidate cell lines derived 
from different transfections were sub-
jected to a variety of functional tests and 

selected based on a variety of perfor-
mance characteristics, including CNTF 
expression level, stability of expression, 
and ability to deliver CNTF under in 
vitro and in vivo conditions while encap-
sulated.  Once selected, manufacturer’s 
master and working cell banks and end 
of production cell banks were gener-
ated and cryopreserved for the final 
product candidate cell lines.  Safety test-
ing and characterization were performed 
in accordance with ICH Tripartite 
Guideline, Viral Safety Evaluation of 

Biotechnology Products Derived from Cell 
Lines of Human or Animal Origin as 
well as FDA’s 1993 Points to Consider 
in the Characterization of Cell Lines 
used to Produce Biologicals. Tables 1 and 
2  summarize the testing performed on 
these cell banks.

Establishment of ECT Performance in 
Pre-Clinical Studies

The effectiveness of ECT-mediated 
delivery of CNTF was demonstrated pre-
clinically using an established animal 
model of RP, the rcd1 canine model.16  In 
this mutant dog strain, retinal degenera-
tion begins at approximately four weeks 
of age and continues gradually over the 
course of a year, with 50% of the pho-
toreceptor loss occurring at seven weeks 
of age and 70-80% loss at 14 weeks of 
age.17  ECT devices with different lev-
els of CNTF output were produced by 
encapsulating different cell lines with 
inherently different CNTF expressions 
rates.  Devices were implanted in one 
eye of each study animal with the con-
tralateral eye receiving no treatment.  
Treatment duration was seven weeks, 
starting when the animals reached seven 
weeks of age.  For those eyes that had 
been treated with CNTF releasing ECT 
devices, significant neuroprotection was 
observed, as the treated eyes showed 
significantly more rows of photorecep-
tors in the outer nuclear layer (ONL) 
than the untreated contralateral eye (Fig. 
7).  Additionally, the neuroprotective 
effect was shown to be dose-dependent.  
Minimal protection was attained with 
devices exhibiting post-explant CNTF 
output levels at 0.2 to 1.0 ng/device/day 
(Fig. 8).  Incrementally greater protection 
was achieved with higher doses whereas 
no protective effect was observed when 
post-explant CNTF output levels were 
less than 0.1 ng/device/day.  Histological 
examination of explanted devices dem-
onstrated the presence of viable cells 
within the devices.

The demonstration of neuroprotec-
tion in the rcd1 model with ECT-medi-
ated delivery of CNTF represented an 
important preclinical finding. However, 
long-term (approximately one year) 
CNTF delivery following intraocular 
implantation still needed to be estab-

Figure 8.  Dose Dependent Protection of the photoreceptors in the ONL from Encapsulated Cell 
Delivery of CNTF in the rcd1 Dog Model (*denotes statistically significant effect). Protection of 
photoreceptors in the ONL required ECT devices with CNTF output > 0.2 ng/device/day. No pho-
toreceptor protection was noted from ECT devices with CNTF output of <0.1 ng/device/day.

Figure 9.  Time course of CNTF device output (after explanting) and vitreous CNTF levels from 
encapsulated NTC-201-6A cells. Devices were implanted into the eyes of animal subjects, 
explanted at specific time points, and analyzed for CNTF output. Vitreous samples were col-
lected at the time of explant and analyzed for CNTF.
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lished because retinal degeneration in 
humans is a chronic process that occurs 
over a number of years.  To investigate 
this, ECT devices were implanted into 
the eyes of normal rabbits for a period 
of up to one year.  Devices were removed 
at specific time periods and analyzed 
for CNTF output and encapsulated cell 
viability by histological analysis.  CNTF 
levels in the vitreous compartment were 
assessed in the enucleated eyes using 
an enzyme immunoassay.18  These 
results are summarized in Figure 9.  The 
explanted devices continued to produce 
CNTF up to 12 months.  CNTF deliv-
ered to the vitreous was also demon-
strated in this time period.  Histological 
evaluation indicated that all explanted 
devices contained viable cells.  These 
time course studies proved that ECT 
devices are capable of delivering CNTF 
for up to a year.

Aspects of Product Development and 
Manufacturing

Device Assembly
Pre-assembled capsules (PAC) are 

assembled by inserting the yarn scaffold 
material into the lumen of a length of 
HFM followed by the attachment of a 
specially designed hub/tubing assembly 
to one end of the HFM.  The hub/tub-
ing assembly facilitates the injection of 
cells into the device at the encapsulation 
stage.  An ultraviolet (UV) light-cured 
adhesive is used to secure this part to 
the HFM.  A titanium anchor loop is 
joined to the opposite end of the HFM 
and is also affixed with the adhesive.  A 
specially designed titanium device clip 
is attached to the loop, which secures 
the device in the product package and 
is used to manipulate the device in 
the surgical field.  The completed PAC 
is flow tested to detect occlusions in 
the hub/tubing assembly, leak tested to 
assure seal integrity, and inspected for 
critical dimensional properties.  PAC 
sterilization is accomplished through 
exposure to electron beam radiation.

Cell Expansion
Expansion of cells for ECT device 

manufacturing is a standard procedure 
that involves cultivation of monolayers 
in a fetal-bovine-serum-supplemented 

growth media in tissue culture flasks 
incubated at 37° C in an atmosphere 
of 5% CO2.  Production runs are initi-
ated by thawing a vial of WCB cells.  
Expansion is accomplished by exposing 
the cells to trypsin and reseeding the 
cells at split ratios of approximately 1:3.  
Cells are subcultured three times in a 
period of two weeks.

Cell Formulation
Immediately before the encapsula-

tion process, the cultured cells are har-
vested, washed in a serum-free media, 
and quantified using a cellular DNA 

measurement system that employs the 
Hoefer DyNA Quant 200 Fluorometer 
and Hoechst 33285 dye (Amersham 
Pharmacia).  A standard curve is gener-
ated from 100 ng/ml to 600 ng/ml DNA 
using calf thymus DNA.  A sample of 
the cell suspension is sonicated and an 
aliquot exposed to the Hoechst bind-
ing dye.  As the dye binds to the DNA, 
its spectral profile changes, emitting 
light at 458 nm.  The intensity of the 
fluorescence is proportional to the cel-
lular DNA concentration in the sample, 
which is a function of cell number (Fig. 
10).  Once the cells have been enumer-

Figure 10. Linear Relationship between Cellular DNA and Cell Number. A standard curve was 
generated between 100 ng/ml and 600 ng/ml using calf thymus DNA (top). Multiple cell counts 
were performed using hemacytometer on several cell suspensions. Dilutions of known cell 
numbers were prepared and analyzed for total DNA content. Results showed a linear relation-
ship between cell number and fluorescence (i.e., cellular DNA concentrations).
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ated, the cell suspension is adjusted to a 
cellular DNA concentration of 0.19 µg/
µl which corresponds to approximately 
29,000 cells/µl in serum-free media.

Cell Encapsulation 
The formulated cell suspension is 

transferred into the reservoir of a spe-
cifically designed instrument engineered 
to inject a precise volume of the sus-
pension into sterilized PAC units.  The 
instrument continuously mixes the cell 
suspension during the encapsulation 
process and controls the cell suspen-
sion injection rate to a very tight stan-
dard.  Once the injection is complete, 
the instrument separates the cell-loaded 
PAC from the hub/tubing assembly.  The 
device is then transferred to a second 
instrument where the orifice remain-
ing from the removal of the hub/tubing 
assembly is sealed with the UV light-
cured adhesive.  The completed device is 
transferred into a primary package con-
taining approximately 40 ml of a serum 
free medium.  This primary package is 
then transferred into a protective pack-
age that is hermetically sealed with a heat 
activated foil.  Labeling is placed on the 
outer seal package, which is maintained 
at 37° C for a two-month shelf life.

ECT Product Stability 

Extensive studies were conducted to 
demonstrate the ability of ECT devices 
to consistently deliver CNTF during the 
defined product shelf-life period.  The 
ability of encapsulated cells to survive 
in ECT devices over time and continu-
ously secrete CNTF is a function of the 
unique ability of the NTC-200 cell line 
to tolerate these culture conditions and 
the genotypic stability of the transfected 
cell lines.  Stability studies demonstrated 
that device CNTF output was main-
tained over a 10-week in vitro hold 
period (Fig. 11).

ECT Quality Control Test Procedures

A number of test methodologies are 
employed for the assurance of quality of 
manufactured lots of ECT device units 
(Table 3).  Compendial test methods for 
sterility and bacterial endotoxins as well 
as tests for mycoplasma contamination 

Table 2. Genotypic and Phenotypic Analysis of CNTF-Producing Cells

Figure 11.  Three lots of ECT devices were manufactured under standard operating procedures. 

At specified time points the devices were removed from 37° C  and analyzed for CNTF output.
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of the cell preparation satisfy the safety 
test requirements for biological prod-
ucts.  Unlike many cell-based products, 
the eight-week shelf life of ECT devices 
allows for completion of the USP ste-
rility test as well as the remaining lot-
release tests.  There is also redundant 
in-process sterility testing performed 
upstream at the media supplementation 
and cell formulation steps to enhance 
process aseptic assurance.  The myco-
plasma testing procedure utilizes the 
established 1993 Points to Consider 
method, which incorporates two forms 
of mycoplasma detection: a 28-day broth 
cultivation procedure and an indirect 
method that uses the fluorescent dye 
Hoechst 33258 to detect non-cultivable 
strains in cell monolayers exposed to the 
test sample.  A rapid polymerase chain 
reaction (PCR) method for mycoplasma 
detection is also performed to augment 
the Points to Consider methods.  Assays 
to establish the biological status of the 
encapsulated cells (i.e., potency) include 
a trypan blue dye exclusion assay for 
cell viability at the formulation step 
and an assay that assesses the in vitro 
device CNTF secretion rate.  The latter 
assay represents an important stability 
indicating assay.  Histological analysis, 
although not employed as a lot-release 
assay, is another procedure to assess 
encapsulated cell viability in devices 
over time in culture (Fig. 12).

Current Clinical Development Status

A Phase I trial of ECT-mediated 
delivery of CNTF in subjects with RP is 
currently in progress at the National Eye 
Institute in Bethesda, Maryland.  ECT 
devices secreting two different levels of 
CNTF are being evaluated in ten sub-
jects with RP.  The primary purpose of 
the study is to evaluate product toler-
ability and safety.
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