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composition can also affect the immune response. Alginates with a high content in 'M' 

residues evoke an inflammatory response by stimulating monocytes to produce cytokines 

such as IL-l, IL-6 and TNF [81, 82]. Antibodies to alginates were found when high-M 

alginates were transplanted but not in the case of high-G alginates [83]. Still, the 

biocompatibility of alginate remains one of its most important of the gel properties, 

ensuring protection of encapsulated cells from cell-mediated immune responses of the 

host [73]. 

coo· 

p-o-mannuronate (M) a-t.-guluronate (G) 

Figure 6 Alginate monomers. Alginates are a family of copolymers of 1+ 4linked ~-D­

mannuronic acid (M) and a-L-guluronic acid (G) of widely varying compositions and 

sequential structures [84]. 

1.7.2. Alginate-poly L-lysine-Alginate (APA) microcapsules 

When alginate droplets are extruded into a solution containing divalent cations 

such as calcium or barium ions, the alginate is cross-linked to produce alginate beads. 

These negatively charged alginate beads are generally coated with a polycation to allow 

for stabilizing and controlling the molecular weight cut-off of the microcapsule 

membrane. The most commonly studied polycation for alginate coating is poly L-lysine 
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(PLL). Since the charged surface of PLL is known to be immunogenic and toxic [85], the 

alginate-PLL beads are further coated in alginate solution to form the complete alginate­

PLL-alginate (APA) beads. This attempt to mask the immunogenic PLL does not, 

however, make the APA capsules fully biocompatible since they have been shown to 

activate complement system, and beads which do not include a PLL layer elicit a less 

severe response to the capsule than the complete APA capsule [86, 87]. The clinical 

successes of these APA capsules, in areas like gene therapy, will continue to improve as 

more research is conducted on improving its biocompatibility. In its current stage though, 

cell encapsulation shows great potential as a gene therapy treatment for hemophilia with 

several studies showing promising results for FVIII and FIX delivery. 

1.7.3. Microcapsules for the treatment of Hemophilia 

Microcapsules have successfully been used as vehicles for implanting 

recombinant cells that secrete FVIII for the treatment of hemophilia A [7] . They 

represent a feasible alternative to the standard treatment of intravenous infusions of 

plasma-derived or recombinant factors. Immunoisolation in this fashion can maintain 

viable cells secreting therapeutic levels of factor within the body for extended periods of 

time, eliminating the need for prophylactic treatment of FVIII. Myoblasts represent an 

attractive cell line to use for encapsulation, since they will not continuously proliferate 

they way other cell lines, such as fibroblasts do, but instead will terminally differentiate 

into myotubes [88, 89]. Encapsulated mouse myoblasts (C2C12 cells), have been 

engineered to secrete both clotting factors FVIII [7] and FIX [78, 90], and many other 
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proteins including adenosine deaminase (ADA), growth hormone, insulin, erythropoietin, 

and VEGF [73, 91-93]. 

Garcia et al (2002) engineered C2C12 myoblasts, a transformed murine cell line, 

to secrete the BDD version of human FVIII in C57BU6 normal mice. Although 

therapeutic levels of FVIII were observed, (up to 22ng/ml), expression was transient and 

began to decrease after day 1. The transient delivery was accompanied by the 

development of an antibody response against FVIII starting on day 14. However, in 

addition to antibodies, other factors were responsible for the decline in FVIII. 

Encapsulated C2C12 myoblasts were also implanted in immunodeficient SCID mice to 

determine other possibilities. It was found that the FVIII delivery in these SCID mice 

was also transient suggesting that clearance of the protein was not solely caused by 

antibodies. Encapsulated C2C12 cells were implanted into C57BU6 mice, and FVIII 

mRNA levels were measured to determine whether the observed decline in antigen level 

was due to decreased mRNA levels from vector inactivation in vivo. A 5-fold reduction 

in FVIII mRNA levels, compared to pre-implantation levels, was found after retrieval of 

encapsulated C2C12 cells. Therefore, the decline in plasma FVIII levels was primarily 

due to a decrease in FVIII mRNA caused by transcription repression. Antibody induction, 

however, is a challenge that still needs to be tackled. 

Thus, the work carried out by Garcia et al (2002), demonstrates the potential 

feasibility of using microcapsules for the delivery of FVIII in the treatment for 

hemophilia A. However, many obstacles need to be overcome for the optimization of this 
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strategy. The transient delivery of FVIII due to viral vector inactivation suggests the need 

for improved expression vectors. Moreover, C2C12 is a transformed cell line that has 

been shown to develop tumours in nude mice [94]. Therefore, a safer alternative cell line 

must be tested, especially for microcapsule treatment of hemophilia A in humans. 

1.7.4. Mouse primary myoblasts (G8) & blood outgrowth endothelial cells (BOECs) 

G8 myoblasts are derived from primary fetal mouse tissues and are a safer cell 

line of choice than C2C12 myoblasts. In contrast with findings using C2C12 cells, 

encapsulated G8 myoblasts engineered to secrete FIX in hemophilia B mice were able to 

safely deliver therapeutic levels of FIX with undetectable levels of antibodies. More 

importantly, the delivery of FIX from engineered G8 myoblasts was sustained for at least 

120 days. Furthermore, they did not induce the generation of myoblastic tumours in nude 

mice [8]. 

There are other potential somatic cells for hemophilia gene therapy. Although 

there has been interest in using blood outgrowth endothelial cells (BOECs) in vascular 

regeneration, these cells may also be an alternative target for expressing FVIII. In a 

previous preclinical study, BOECs were modified to express human FVIII and introduced 

into NOD/SCID mice. This resulted in expression of therapeutic levels of human FVIII in 

the plasmas of the treated mice [95]. BOECs deliver sustained therapeutic levels of FVIII 

from a scaffold, in both NOD/SCID and hemophilia A mice [96]. 

26 



M.A.Sc. Thesis - R. Sengupta McMaster University- Biomedical Engineering 

Thus, these two cell lines have the potential for delivering high levels of FVIII 

from AP A capsules. It is also important to study how their regular cell behaviour -

viability, internal cell composition, and proliferative capacity - are modified by 

encapsulation. 

1.7.5. Cell viability, granularity and proliferation 

One of the main goals of a cell encapsulation strategy for hemophilia A, is to 

optimize the ability of the cells to secrete FVIII. An important factor that has a direct 

influence on secretion is cellular viability. Cell viability refers to the extent to which the 

modified cells remain alive and healthy. Thus, employing an accurate method for viability 

calculation is of utmost priority in gene therapy experiments to obtain a reasonable 

interpretation of cell secretion results. 

Many assays for viability can only report the percentage of absolute living cells, 

but not the health of these living cells. Flow cytometry offers a measurement for both. 

Flow cytometry is an extremely sensitive technique that can be used to examine several 

thousand particles every second, and can actively separate and isolate particles with 

specific properties. Flow cytometry offers a two parameter analysis of cell viability; it can 

identify living cells (determined by the intensity of fluorescent chemical attached to the 

cell), and also the proportion of the living cells that are healthy (determined by the degree 

of side scattering of the cells) [97]. The degree of side scatter on a flow cytometry plot 

depends on the inner complexity of the particle (i.e. shape of the nucleus, the amount and 

type of cytoplasmic granules or the membrane roughness). In essence, side scatter is a 
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measure of the relative granularity of the cell and thus can be used as an indication of its 

health. As a cell deteriorates in health, it begins to engulf material internally, forming 

vesicles. This results in a measured side scatter greater than that of a healthy cell. 

Therefore, an increase in granularity can indicate a decrease in the health of a particular 

sample of living cells (F ACS MultiSET System, BD Biosciences ). 

Flow cytometry analysis has never been utilized for the measurement of viability 

of encapsulated cells. It offers a highly accurate and objective method of viability 

calculation. Moreover, it allows for an additional level of analysis for cellular health (or 

granularity), which other methods of viability cannot assess. Thus, it is worthwhile to 

investigate flow cytometry as a novel method for reporting viability of encapsulated cells. 

Along with cell viability, cell proliferation is another indicator of normal cell 

behaviour. Proliferation of certain cell lines such as myoblasts, is limited within the 

microcapsule [88, 89]. However, the actual proliferation profiles of encapsulated cells in 

vitro or in vivo have never been examined. The introduction of the division tracking dye, 

carboxyfluorescein diacetate succinimidyl ester (CFSE), has made it possible to examine 

the number of cell divisions during proliferation [98]. Encapsulation may affect the 

proliferation behaviour of cells. Studying the changes in proliferation between free cells, 

encapsulated cells in vitro and encapsulated cells in vivo may provide additional insight 

into how to optimize encapsulated cell secretion. 
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1.8. Thesis Rationale 

Results of studies using G8 myoblasts and BOECs demonstrate the strong 

suitability of these cell lines for FVIII delivery by hemophilia A gene therapy. The 

Hortelano lab has obtained G8 and BOECs cell lines transduced with the pLenti-TM-B 

domain deleted cFVIII vector plasmid from Dr. David Lillicrap's laboratory in Kingston, 

ON. The cFVIII in this plasmid, under the control of the endothelial cell-specific 

thrombomodulin promoter (EFl-a), has been previously shown to maintain high levels of 

cFVIII in vivo [96]. Unlike proliferative cell lines, myoblasts are more suitable for 

encapsulation since their differentiation limits their growth within the microcapsular 

space. This characteristic of myoblasts prevents crowding of the microcapsule and allows 

space for the diffusion of the large FVIII molecule through the pore and also promotes the 

long-term viability of the enclosed cells. G8 myoblasts of primary origin are a safer cell 

line than C2C12 cells; as the latter induces an undesirable immune response and tumour 

generation [7, 94]. BOECs have the potential for extended longevity, and generating of 

daughter endothelial cells. Thus, G8 myoblasts and BOECs may be suitable for 

encapsulation and the treatment of a chronic disease such as hemophilia. 

The current work will focus on delivering implantable microcapsules enclosing 

engineered G8 myoblasts secreting FVII, into hemophilia A mice with a goal for 

sustaining therapeutic levels of FVIII. Another goal of this work is to examine the 

behaviour of BOECs within capsules in vitro, as they have been previously shown to 

deliver therapeutic levels of cFVIII in vivo via a matrigel scaffold [96]. The effect of 
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encapsulation on the ability of these cell lines to secrete cFVIII will be examined. Further, 

yet another goal is to develop a novel flow cytometric assay for measuring cell viability 

in order to accurately assess both the viability and granularity of encapsulated myoblasts 

and BOECs. Finally, the cell division tracking CFSE dye will be employed to investigate 

the proliferation profiles of free and encapsulated myoblasts in vitro and in vivo. 

1.8.1. Specific Project Objectives 

The thesis will specially focus on the ability of encapsulated G8 myoblasts to 

deliver functional FVIII after implantation into hemophilia A mice. Novel flow 

cytometric assays will be used to provide a thorough assessment of encapsulated cell 

viability and proliferation to determine to what extent these factors influence the cells' 

ability to secrete FVIII. The following objectives will be carried out in order to fully 

characterize the potential of APA capsules as a gene therapy delivery system. 

Objective 1: Develop a reliable and accurate method for measuring the viability of 

encapsulated cells by flow cytometry. 

Objective 2: Characterize encapsulated G8 myoblasts and BOECs in vitro 

Objective 3: Study the delivery of cFVIII by encapsulated G8 myoblasts in vivo, using 

C57BU6 and FVIII-deficient KO mouse models. 

Objective 4: Investigate the proliferation profiles of encapsulated cells verses free cells in 

vitro and in vivo. 
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2. MATERIALS AND METHODS 

2.1. Cell lines and culture 

G8 cells are a myoblast cell line derived from the fetal skeletal muscle tissue of 

Swiss Webster mice (ATCC, CRL-1456). G8 cells and BOECs transduced with pLenti­

TM-BDDcFVIII, were obtained from the David Lillicrap lab in Kingston, ON. Myoblasts 

were cultured on 0.01% collagen coated plates in Dulbecco's modified culture medium 

(DMEM) supplemented with 1.59 giL sodium bicarbonate (NaHC03, ), 20% fetal bovine 

serum (FBS), 1% streptomycin (100 J.lg/ml) and penicillin (100 11g/ml) (P/S). BOECs 

were cultured on 0.01% collagen coated plates in MCDB media containing complete 

endothelial cell growth kit (Invitrogen), and 10% FBS and 1% (P/S). Both cell lines were 

grown on 10 em polystyrene tissue culture plates at 37°C with 5% C02• Cells were 

subcultured every 2-3 days no higher than a 1 in 4 dilution. 

2.2. Encapsulation 

Cells were grown on collagen coated plates until they were approximately 80% 

confluent. Once the media was aspirated, the cells were washed with PBS and 

subsequently harvested using tripLE (Gibco ). After detaching the cells, culture media 

was added to stop trypsinization reaction. Cells from each plate were collected in 50 mL 

falcon centrifuge tube and spun at 1000 g for 10 min at 4°C (Mendel Scientific Co. Ltd). 

The supernatant was removed and the cells were re-suspended well in 0.9% NaCl. A 

sample of this mixture was diluted1:10 in isoflow solution to be used in cell count, and 
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the remaining suspension was removed by centrifugation as noted above. The 

supernatant was removed and cells were re-suspended, using a 16 G needle attached to a 

20 mL syringe, this time in 1.7% low viscosity filtered alginate (Improved Kelmar, ISP 

Alginates, San Diego, CA, USA) to achieve a concentration of approximately 5 x 106 

cells/mi. (*important note: avoid introducing air bubbles into the cell/alginate mixture as 

it may affect size of capsule). The syringe was attached via luer lock to the encapsulator 

tubing and placed into the syringe pump. Alginate/cell mixture was infused at a rate of 

0.9 mUmin into rubber tubing and extruded as droplets through a 0.35 mm needle into a 

solution of 1.1 % CaCh to form calcium-alginate beads 300-500 11m in size. 

Microencapsulation was performed with an encapsulator (Nicso Engineering Inc., Zurich, 

Switzerland) at 7kV. Once the syringe was empty, the beads were transferred onto a 

0.45f.1m filter to undergo a series of washes consisting of CaCh, 0.1% CHES, 0.9% NaCl, 

0.05% poly-L-lysine, 0.03% alginate, and serum-free culture media. The outer layer of 

alginate was cross-linked with 0.05% poly-L-lysine (PLL; Sigma, St. Louis, MO, USA) 

for 6 min and then coated with a second layer of 0.03% alginate. After the procedure, the 

resulting microcapsules were incubated in serum-free media under regular tissue culture 

conditions overnight before their being implanted into the mice. Non-implanted 

microcapsules were cultured in vitro conditions with full growth media that was changed 

every 2-3 days. 
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Figure 7 Cartoon representation of encapsulation setup. Cells mixed with alginate are 

pumped through a syringe via a pump (not shown). The solution travels through the 

rubber tubing to the encapsulator (not shown) where it passes through a small charged 

needle to form a very small stream of droplets that falJ into a solution of CaCb (Wen, JP) 

2.3. Cell Viability 

The viability of cells refers to the extent to which those cells are functioning 

normally as living cells. After the cells had undergone encapsulation, their viability was 

measured using two different techniques: trypan blue exclusion and flow cytometry. 

Since flow cytometry can yield single cell data, for both live and dead cells, it allowed for 

a more precise and consistent assessment of cell viability. 
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2.3.1. Trypan blue 

Trypan blue is a diazo dye used to selectively colour dead cells or tissue blue. 

Cells that are alive have intact cell membranes that prevent the diffusion of the dye into 
.. 

them, remaining colourless. Since living cells selectively determine compounds which 

are allowed to pass through their membrane, a viable cell will not allow trypan blue to be 

absorbed. In contrast, dead cells allow the dye to transverse their membranes by 

diffusion, to thereby display a distinctive blue colour under the microscope. This staining 

method, also described as dye exclusion method, was used to determine the viability of 

the cells within capsules in the study. 

A small sample of capsules (5-301Jl) was placed on a glass slide and any excess 

media was aspirated off the slide so that a drop of trypan blue solution (Invitrogen, USA) 

could be added. A cover slip was placed directly over top of the capsules, and gently 

pressed to break the capsules and release the enclosed cells into the blue dye. Live 

(transparent) and dead (blue) cells were assessed and quantified by light microscopy. 

2.3.2. Flow Cytometry 

Flow cytometry is fluorescence-based method used to analyze a heterogeneous 

population of particles/cells. It is an extremely sensitive technique used for counting, 

examining and sorting microscopic particles that sorts several thousand particles every 

second in real-time. Although it is commonly used for antibody-based separation of cells 

with specific cellular markers, the availability of a flow cytometer and its ability for high 
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throughput single cell analysis made it a powerful tool with which we could more 

accurately measure cell viability than by trypan blue exclusion. 

To our knowledge, this is the first study that has used flow cytometry to evaluate 

the viability of alginate-poly-L-lysine-alginate (APA) encapsulated cells. We proposed 

and developed a novel flow cytometric assay to examine the viability, granularity, and 

proliferation of cells within the capsules. 

2.4. De-encapsulation of APA capsules for flow cytometry 

Before the enclosed cells could be assessed for their viability, the capsular 

material had to be removed to prevent large debris from clogging the flow cytometer. 

Instead of crushing the capsules to release the cells, a modified version of a recently 

proposed method for de-encapsulation was used to release the cells and eliminate cell 

death that may have resulted from crushing the capsules between glass slides [99]. In 

order to do this, a protocol from de Groot et al (2002), was optimized for the complete 

removal of the alginate-poly-L-lysine layer around the cells. This approach utilizes 

trypsin which cleaves poly-L-lysine peptides at the carboxyl end of each lysine residue, 

and EDTA, a chealting agent which depolymerizes the alginate by chealating the Ca2
+ 

ions in the polymer. Trypsin also dissociates confluent cells, if clumped, into single cell 

suspensions. 

35 



M.A.Sc. Thesis - R. Sengupta McMaster University- Biomedical Engineering 

Figure 8 Trypin/EDT A removal of PLL and alginate capsular layers. (A) 

Encapsulated islets. (B) De-encapsulated islets plus remaining broken capsules [99] 

Cells were labeled with a fluorescent dye called calcein AM (Invitrogen). Calcein 

transports across the membrane into a cell where it can be cleaved by intracellular 

esterases. Cleavage results in the molecule getting trapped inside and the production of 

an intense green fluorescence that is emitted by the cell. Only live cells this ubiquitous 

intracellular esterase activity, and are thus able to convert calcein into its fluorescent 

form. As dead cells lack active esterases, only live cells are labeled (Molecular Probes, 

Invitrogen). 

Briefly, 150 fll of capsules were added to 5 ml of trypsin!EDTA (Gibco) and 

allowed to incubate in a 37°C water bath, gently shaking for 30 min. Any unbroken 

capsules or cell clumps were sheared by pipetting a few times. Once the cells were 

successfully de-encapsulated, with no detectable capsules, the solution was centrifuged 

atlOOO rpm for 3min to isolate the cells in a pellet. The supernatant was aspirated until 

36 



M.A.Sc. Thesis - R. Sengupta McMaster University- Biomedical Engineering 

approximately 100 111 of solution remained, to which 400 Jll of 0.5% BSA in PBS (Ca2
+ 

and Mg2
+ free) was added and mixed with the cells. Subsequent staining was performed 

with 20 Jll 7- aminoactinomycin D (7-AAD) and lJ.ll 50 nM calcein, at room temperature 

in a dark environment, and the solution was allowed to incubate with the dyes for 20 min 

before being passed through a 40 11m filter into a flow tube. To confirm the effectiveness 

and safety of this de-encapsulation protocol, the effect of trypsin/EDT A on the viability 

of free cells (non-encapsulated cells) at 37°C for 30 min was also tested to ensure that the 

viability were the same as control cells - i.e. free cells incubated in regular media at the 

same conditions. 

2.5. Cell proliferation assay 

In order to examine cell proliferation patterns of both free cells and those within 

the capsules, cells were labeled with carboxyfluorescein succinimidyl ester (CFSE) - a 

fluorescent cell staining dye. CFSE is a simple and sensitive technique for analysing 

multiple parameters of cells. This dye, which is retained within cells, allows for the 

examination of specific populations of proliferating cells and can survive for 7-10 

successive cell generations. Once the CFSE molecule diffuses inside the cells, its acetate 

groups are cleaved by intracellular esterases converting it into a fluorescent membrane­

impermeable dye. Since CFSE is retained by the cell in the cytoplasm, each round of cell 

division decreases the relative fluorescence intensity of the dye by half [98]. 
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The cells to be labeled were re-suspended in PBS to a concentration of 1-5x106 

cells/mL. Staining was performed at 5 ~1 of 0.5 mM CFSE per ml of PBS. The cell 

solution was mixed rapidly to ensure an even distribution of dye and staining was allowed 

to take place for 10 min at room temperature. An excess of wash buffer (5% FBS in 

PBS) or media was added to stop the reaction. The newly labeled cells were re­

suspended in media or mixed with alginate to carry on an encapsulation experiment. A 

novel flow cytometry analysis, like the one developed for viability measurement, was also 

performed for assessing proliferation. 

2.6. Animal Experimentation 

In order to evaluate the efficacy of cell encapsulation as a treatment for 

hemophilia A, in vivo experiments were carried out in both hemophilia A and normal 

mice. McMaster University maintains a colony of hemophilia A C57BU6 mice 

generated at the Salk Institute , La Jolla, CA, USA. Non-hemophilic, C57BU6 mice 

were purchased from Charles, River (Montreal, Canada). For in vivo implantation of 

capsules as well as extraction of blood samples, mice were anaesthetized with isofluorane 

(Bimeda-MTC, Animal Health Inc., Richmond Hill, Canada) in a small anesthetic 

machine (Med-Vet Anesthetic System Inc., Toronto, Canada). All of the animal 

procedures conducted during experimentation were performed in accordance with 

McMaster University's Animal Ethics Guidelines. 
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2.6.1. Microcapsule Implantation and Retrieval 

Once made, the microcapsules were incubated in regular tissue culture conditions 

overnight before being implanted into the mice. The capsules were washed several times 

with PBS to ensure complete removal of culture media whose serum may trigger an 

immune response in the mice. After being thoroughly washed, excess PBS was removed 

and the capsules were loaded into a 20ml syringe using a 16G needle. Microcapsules 

were injected intraperitoneally (IP) using a G18 catheter. Mice in all experiments were 

injected with 20 x 106 cells each (4mL of microcapsules). The microcapsules were kept 

inside the mice for 4 to 6 weeks. 

Upon retrieval of the capsules at the end of the experiment, mice were sacrificed 

by cervical dislocation while anaesthetized. The capsules were re-suspended in PBS and 

washed several times to remove free floating macrophages and lymphocytes in the 

peritoneum, and other debris that were often retrieved along with the capsules. After 

retrieval, the capsules were cultured in vitro under standard tissue culture conditions to 

monitor FVIII secretion from media aliquots at specific time points. 

2.6.2. Immunoassays 

Blood samples (70 Ill) were taken at regular weekly intervals by retro-orbital 

bleeding (from the orbital plexus) using capillary tubes. Sodium citrate was used as the 

anticoagulant at a ratio of 1:9 for the volume of blood collected. Plasma was obtained for 

each mouse by centrifugation of the blood sample at 13,000g at 4°C for lOmin, and stored 
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at -70°C. FVIII protein levels were assayed with an ELISA and by aPTT for FVIII:C 

activity. 

2. 7. Estimating FVIII concentration by enzyme-linked immunosorbant 

assay (ELISA) 

Enzyme-linked immunosorbent assay (ELISA) is highly specific for the target 

protein, sensitive, and convenient to use. An antibody against FVIII is immobilized on an 

inert solid (polystyrene). The sample to be assayed (either mouse plasma or culture 

media) is added to the antibody-coated surface and any other proteins are subsequently 

removed through a washing step. The FVIII bound to the antibody is reacted with a 

second detecting antibody to which an enzyme is attached. Once a substrate is added, the 

amount of fluorescence it produces via enzymatic activity is proportional to the amount of 

protein present. 

2.7.1. FVIII:Ag ELISA 

A FVIII ELISA kit (Affinity Biologicals, Ancaster, Canada) was used to detect 

FVIII from in vitro and in vivo experiments by assaying cell culture and mouse plasma, 

respectively. Normal pooled human plasma (George King Biomedical, Overland Park 

KS, USA) and normal pooled canine plasma (Central Animal Facilities, McMaster 

University) were used to derive the standard curves for the detection of human FVIII and 

canine FVIII respectively, delivered into mouse plasmas. Normal human plasma 

contained between 100-200 ng/ml FVIII. Normal canine plasma was approximated to 
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contain liU/ml of canine FVIII. The gravimetric concentration of canine FVIII consisting 

of 1 unit/mL of plasma is unknown. 

2.7.2. FVIII:Ag ELISA setup for in vivo samples 

Sheep anti-cFVIII antibody (Affinity Biologicals) was diluted 1:100 in coating 

buffer (50 mM sodium carbonate, pH 9.6) and 100 111 was added to each well. After an 

overnight incubation at 4°C, the unbound antibody was discarded by suction and the plate 

was washed 3X with PBS-tween (0.1% v/v, pH 7.4). The samples along with the 

reference standards were added to each well and allowed to incubate for 2 hours at room 

temperature (RT). 

Standards were made by serial dilutions of canine plasma in dilution buffer. The 

highest standard (deemed to be 100% FVIII) was prepared so that the canine plasma had 

a final dilution of 1:5. Hemophilic or normal mouse plasma (20 111) was also added to 

each standard to reproduce the conditions of the test samples, ensuring that any difference 

in FVIII measurement between the standards and the samples was only due to the 

presence of the canine FVIII delivered in the treatments. The remaining volume was 

brought to 100 111 by dilution buffer (e.g 100% = 20111 canine+ 60 111 dilution buffer+ 20 

111 hemophilic plasma; canine: total = 1:5). Two-fold serial dilutions were carried down 

to 0.097% (0.002 ng or 0.976 mU). The samples from mice to be tested were also diluted 

1:5 in dilution buffer (20 111 sample + 80 111 dilution buffer). 
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Following the incubation of the samples, the plate was once again washed, and 

100111 of pre-diluted detecting antibody was added to each well and allowed to incubate at 

RT for 1.5 hours. A third wash step was performed after the removal of the detecting 

antibody (that had not bound the FVIII already immobilized to the wells by the coating 

antibody), and 100111 of the substrate a-phenylenediamine (OPD, 5mg tablet) diluted in 

substrate buffer (Citrate-Phosphate buffer, pH 5.0) with 30% hydrogen peroxide was 

immediately added to each well. The colour reaction was allowed to develop for 10-30 

min at RT before being stopped with 2.5M H2S04• The absorbance at a wavelength of 

490 nm was then measured. 

2.7.3. FVIII:Ag ELISA setup for in vitro samples 

Standards for testing in vitro samples contained serial dilutions of normal plasma 

(human or canine) in the culture media from which the sample was taken from, instead of 

dilution buffer. Two-fold serial dilutions were carried down to 0.097% (0.002ng or 

0.976mU). Media samples for in vitro assays were added undiluted (lOOJ.tl). The 

protocol for the ELISA was the same as the test for in vivo samples. 

2.8. Activated partial thromboplastin time ( aPTT) 

In order to determine whether the FVIII delivered to the mice was coagulantly 

active, the plasma was tested in a functional assay known as the activated partial 

thromboplastin time (aPTT). This test measures the time required for a sample of plasma 

to clot and will be prolonged if the blood lacks anyone of the contact clotting factors. The 
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intrinsic pathway requires phospholipids, an activator (such as silica), calcium and 

clotting factors to become activated. Calcium and phospholipids are required for the 

tenase and prothrombinase complexes to assemble on the phospohlipids and to function. 

Calcium also mediates the binding of the complexes (through the terminal carboxy 

glutamic residues on FX/FXa and FIX/FIXa) to the phospholipid surfaces expressed by 

platelets. When performing the assay, the aPTT reagent provides both the activator of 

contact factor and coagulant phospholipids while plasma deficient in FVIII provides the 

remaining clotting factors. Once the test sample is added, calcium chloride is required to 

initiate FIX activation by FXIa to initiate and propagate the clotting reaction. The time 

for a clot to form is measured and is indicative of the concentration of FVIII in the test 

plasma of interest. 

Plasma samples drawn from the mice were assayed for the presence of functional 

FVIII expression by examining clotting time using a coagulation analyser (ST art4, 

Diagnostica Stago ). Normal human or canine plasma (McMaster University pool) was 

used to generate a standard curve to allow quantification of FVIII activity in the mouse 

samples. Plasma samples (from blood collected in citrate) and FVIII deficient plasma 

were thawed at 37°C for 15 min and placed on ice. The plasma sample was mixed with 

veronal buffer and FVIII deficient plasma in a ratio of 1:9:10, respectively, and incubated 

for 15 min on ice. A volume of 100 !Jl of this solution was added to 50 !Jl of aPTT 

reagent (containing activator and phospholipids) in an assay cuvette with a stainless steel 

ball. After 180s of incubation at 37°C, the aPTT reaction was initiated by the addition of 
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50 ~1 of 20 mM CaClz, and the time until clot formation was measured as the time when 

movement of stainless steel ball ceased. The clotting time observed was proportional to 

the FVIII:c concentration in the test samples. 

2.9. Tail-clip assay: hematocrit measurement 

Treated and control hemophilic mice were subjected to a tail-clip on day 7 after 

capsule implantation, as a way to evaluate protection against blood loss after severe 

trauma. Blood loss was assessed by measuring the hematocrit following the tail clip. 

Tail-transection was performed using a sterile stainless steel surgical blade (Almedic, 

Montreal Canada) and the mice were subsequently returned to their cages. Three days 

later (or 10 days after implantation), a blood sample was collected from both treated and 

control mice via heparinized capillary tubes. The samples were transferred to micro­

hematocrit tubes and plugged at one end using critocap. Samples were centrifuged in a 

hematocrit centrifuge (Oxford Labware, StLouis, MO, USA) at 11809rcf for 5 min. 

The tubes were placed on the Micro-Hematocrit Capillary Reader Chart with the bottom 

edge of the critocap just touching the edge below the zero percent line. The bottom of the 

column of blood was then placed so that it was at zero percent line. The tube was slid 

along the chart until the meniscus of the plasma intersected the 100 percent line. The 

height of the packed red cell column was then read directly as percent red cell volume. 
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2.10. Statistical Analysis 

A statistical significance of the difference between means was determined using the 2-

tailed Student's t test. Experiments were conducted at least in triplicate. The error graphs 

display the standard deviation of the data. 
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3. RESULTS AND DISCUSSION 

3.1. Development of a novel flow cytometry based assay to examzne 

encapsulated cell viability 

The quantification of cell viability is essential in cell-based studies for reporting 

cell growth or cell death. Reporting cell viability as accurately as possible is necessary in 

gene therapy cell studies, as many strategies employ genetically modified cells for 

secreting the protein of interest. The strategy proposed in the current work relies on the 

ability of encapsulated cells to secrete therapeutic levels of cFVIII. The viability status of 

these cells will help to elucidate changes in secretion. Thus, as one of the direct 

indicators for cell secretion, it was critical that a reliable and accurate method was 

available by which we could determine cell viability. 

Many viability assays are based on one of two characteristic parameters: 

metabolic activity or cell membrane integrity of healthy cells [100]. The dye-exclusion 

method of assessing viability takes advantage of the ability of healthy cells with 

uncompromised cytoplasmic membrane integrity to exclude dyes such as trypan blue. 

However, the drawbacks associated with this type of viability assay led to the 

development of a superior flow cytometry method to measure encapsulated cell viability. 
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3.1.1. Trypan Blue 

Trypan blue exclusion has been previously used to assess the viability of the FVIII 

secreting encapsulated cells [7-9, 78, 90, 94] Although trypan blue exclusion has been 

employed as a common test for cell viability, there are many reasons why this method can 

be highly subjective. The count of live and dead cells in a field of view can vary 

significantly depending on what is perceived by the viewer to be a healthy cell [101]. 

Since there are no size restrictions, it is often difficult to distinguish smaller, viable 

immune cells from regular cells, both which appear bright and transparent. Also, the 

adherence of inflammatory cells (post-retrieval from mice) to the outside of membranes 

creates a large mass of cells, making it difficult to obtain an accurate count. Finally, 

trypan blue relies on the accuracy of the individual counting the cells, and is therefore 

subject to human error and inconsistency [101] This method of measuring cell viability 

is highly subjective toward the examiner It was thought to be crucial in our experiments 

to have a viability test that more accurately reports the true behaviour of the cells within 

the capsules, as viability data can affect the interpretation of secretion results. 

3.1.2. Flow Cytometry: A novel approach for measuring cell viability 

We developed a novel protocol for measuring cell viability within capsules using 

flow cytometry Flow cytometry is an extremely sensitive technique used for counting, 

examining and sorting microscopic particles and can analyze several thousand particles 

every second in real-time, in comparison to trypan blue where the count is dependent on 

the individual and his/her field of view Although the premise of trypan blue exclusion is 
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valid, the large number of cells and the sensitively detected by the flow cytometer allows 

for a more quantitative and objective method of viability assessment. To our knowledge, 

no group has studied the viability of APA encapsulated cells using this technique. Thus, 

we proposed a unique flow-based method of viability analysis for the thorough 

examination of cell viability, as we believe it to be superior to that of dye exclusion 

methods. 

Before cell viability could be assessed by flow cytometry, enclosed cells had to be 

released from the microcapsules. Standard procedure for trypan blue exclusion involved 

crushing the capsules between a glass slide and cover slip and subsequently staining the 

released cells with the blue dye. It was suspected that a subset of cells might be killed 

during this crushing process, contributing to a decrease in cell viability. Moreover, our 

flow-based analysis required that the cells be suspended and labeled in solution before 

being analyzed through the flow cytometer- also not possible using the crushing method. 

Thus, in order to minimize cell death by cover slip compression, and to maintain cells in 

solution, a de-encapsulation protocol from de Groot M et al (2002) was adapted. Our 

protocol utilized trypsin and EDTA to cleave the PLL and depolymerize the alginate, 

respectively, and also to dissociate cell aggregates. This procedure allowed us to discard 

the dissolved capsular material, and stain the cells (directly in solution) with the 

fluorescent label to assess viability. The fluorescent label used in our experiments was 

the acetomethoxy derivative of calcein; calcein AM (see materials and method section 

2.4) 
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were used as an objective method for assessing the amount of blood loss that the mice had 

endured after trauma. The tail-clip was performed on day 7 after implantation with 

capsules, as the ELISA revealed that high levels of circulating cFVIII were still present 

on this day The untreated hemophilic mice displayed common signs of anemia including 

fatigue, weakness and shivering. Indeed, their levels of hematocrit were significantly 

lower than that of normal mice indicating blood loss, and as a result had to be euthanized 

upon request by veterinary staff. The hemophilic mice that were treated with G8-cFVIII 

capsules showed no signs of anemia and appeared to be healthy Their hematocrit levels 

showed no statistical difference compared with normal mice. The protection against 

bleeding in treated hemophilic mice was attributed to the presence of functional cFVIII. 

The protection of hemophilic mice against trauma is met with skepticism by the research 

community, due mainly to the subjective nature of the tail bleeding assay test. The 

objective measurement of the hematocrit may provide more validity to the test. 

The study by Garcia et al (2002) reported the complete disappearance of hFVIII 

by day 7 After measuring a 5-fold reduction in FVIII mRNA levels from the C2C12 

encapsulated cells, the decline in plasma FVIII levels was attributed to transcriptional 

repression in vivo. This transcriptional repression also resulted in a 30% decrease in 

hFVIII from the capsules upon retrieval. However, in our study it was found that, while 

FVIII levels delivered on day 1 were comparable to those found by Garcia et al (2002), 

high levels of cFVIII persisted until day 7 and decreased on day 14. Moreover, treated 

mice were protected on day 7 levels against blood loss after trauma, indicative of the 
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presence of biologically active cFVIII. The capsules were also able to continually secrete 

cFVIII upon retrieval from the mice, though at a rate less than that of capsules cultured in 

vitro prior to implantation. Thus, it is unlikely that transcription repression was the main 

cause for cFVIII decline. 

Overall, our study overcomes one of the two main obstacles - disappearance of 

FVIII by day 7 and the formation of antibodies - faced by Garcia et al (2002) using 

encapsulated C2C12 cells. We report high FVIII levels that persist until day 7 and return 

again on day 28, an improvement over Garcia et al, whose cFVIII levels declined after 

day 1 Our choice of virus and cell type may have been contributing factors to the 

persistent expression that was observed. Lentiviral transduced cells appear to have a 

higher resistance against transgene inhibition verses the cells transduced with other 

retroviruses. Lentiviral infection has advantages over other gene therapy methods 
I 

including high efficiency transduction of dividing and non-dividing cells, long term stable 

expression of a transgene, and low immunogenicity [106, 107] Also, transplanted fetal 

cells, like the G8 myoblasts, often do not trigger immune responses in a host, making 

them a more suitable cell line than the tumorgenic transformed C2C12 cell line [8, 78] 

Although antibodies were also detected, the titre, if expressed as a ratio o.f OD, 

was lower than previous findings. The transcription repression that caused disappearance 

of FVIII in Garcia et al study, was an unlikely factor in our current work as cFVIII 

activity was sustained for at least one week after implantation, confirmed by aPTT and 

tail clip assay The treated mice were able to withstand blood loss after being subjected to 
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trauma, confirming the biological activity of circulating cFVIII. The presence of 

inhibitors still needs to be assessed by Bethesda assay, to elucidate whether the antibodies 

detected were non-neutralizing. This study shows that the implantation of encapsulated 

myoblasts secreting cFVIII delivered functional and therapeutic cFVIII levels days 1 and 

7 If these levels of FVIII delivery were achieved in humans, it would be sufficient to 

convert a severe hemophiliac to a mild or moderate phenotype. 

3.4. Flow cytometry based examination of encapsulated G8-cFVIII 

proliferation profile, using intracellular dye CFSE 

Myoblasts are a suitable cell line to encapsulate since they have the advantage of 

terminally differentiating into myotubes. This characteristic of myoblasts ensures that 

they will not proliferate indefinitely within the microcapsules, thereby allowing the free 

diffusion of FVIII [88, 89] The actual proliferation profile of encapsulated myoblasts (the 

time-course breakdown of proliferative events), has never been examined. Encapsulated 

myoblasts may well differ from free (non-encapsulated) myoblasts with respect to their 

rate of proliferation, the proportion of cells that are able to undergo proliferation, and the 

proportion of dead cells that accumulate within the capsule. Thus, a novel flow 

cytometry based assay was developed to study the effect of encapsulation on the 

proliferative capacity of G8 myoblasts secreting cFVIII. 
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3.4.1. Proliferation prolife in vitro: encapsulated vs. non-encapsulated GS-cFVIII 

myoblasts 

The goal of this study was to assess the proliferation profiles of free cells and 

encapsulated cells cultured in vitro, at various time intervals. G8 myoblasts secreting 

cFVIII were labeled with CFSE, (a fluorescent cell staining dye that is retained within 

cells), in order to examine specific cell populations that develop during proliferation (as 

described in materials/methods section 2.5). After being labeled with CFSE, a portion of 

cells were encapsulated while the remaining were cultured normally as free cells. 

Proliferation was examined at specific time points by flow cytometry The cells 

enclosed within capsules were de-capsulated (using the protocol described m 

materials/methods section 2.4), prior to being run through the flow cytometer 
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calcein calcein 

Figure 27 Proliferation profile of CFSE-labelled free and encapsulated GS-cFVIII 

myoblasts cultured in vitro. Cells were assessed on day 0, 1, 3, 5 and 7 by flow 

cytometry. AR = largest population of live cells that have divided, AK = population of 

cells that have died, AI = small population of live cells that have undergone successive 

divisions. 

As shown in figure 27, free G8 cells generated the presence of a single main peak 

(AR) on all days. This result suggests that the large majority of free cells (89.0 ± 5.7 %) 

divided in synchrony, with only a small proportion of cells (4.2 ± 1.9%) that appeared 

dead (AK). In contrasts, the cells enclosed in AP A capsules showed the presence of three 

distinct populations: AR, AK, and AI. The majority of encapsulated cells also divided in 

synchrony as indicated by the dominant AR population. However, as the week 

progressed, the encapsulated cell distribution began to change. The cell percentage" in the 

AR peak began to decrease, while the dead cell population (AK), which was virtually 

close to zero on day 1 and day 0, began to grow and stabilize from day 3 onwards. There 

was also a very small population of encapsulated cells that appeared to have undergone 
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multiple divisions (AI). The rate of cell proliferation between free and encapsulated cells 

was compared by observing the change in position over time, of the main peak (AR) 

along the x-axis. The AR peak of free cells decreased in intensity at faster rate 

(corresponding to an increase in cell division) than the AR peak of encapsulated cells. By 

day 7, the free cell peak had approached the lowest end of the intensity scale ( < 10°), 

while the position of the encapsulated cell peak remained virtually stationary (between 

101 to 102
) from day 3 onwards; reflecting the decrease in rate of proliferation of 

encapsulated cells verses non-encapsulated cells. 

3.4.2. Proliferation prolife in vivo: encapsulated G8-cFVIII myoblasts retrieved 

from C57BL/6 mouse 

The CFSE-labeling of encapsulated cells in vitro revealed that their proliferation 

rates and population distributions were very different from that of free cells. Thus, the 

affect of the in vivo environment on the proliferation of encapsulated cells was 

investigaed. To our knowledge, the proliferation profile of encapsulated cells implanted 

into an animal model has never been studied. Thus, a preliminary experiment whereby we 

implanted CFSE-labeled encapsulated myoblasts secreting cFVIII into a C57BL/6 mouse 

was performed, and its proliferation profile on day 0 before implantation and on days 7 

and 11 after implantation was examined. Non-implanted encapsulated cells were also 

examined on the same days as a control. 
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Figure 28 Proliferation profiles of CFSE-labelled non-implanted and implanted 

encapsulated G8-cFVIII myoblasts. Implanted capsules were retrieved on day 7. 

Encapsulated cells kept in vitro and retrieved encapsulated cells were assessed on day 0, 

7, and 11 by flow cytometry. AR = largest population of live cells that have divided in 

vitro. AK = population of cells that have died. AI = small population of live cells that 
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have undergone successive divisions in vitro. AT & A W = largest population of live cells 

that have divided in vivo. 

As expected, the non-implanted encapsulated cells produced a proliferation profile 

similar to the encapsulated cell profile we observed in our in vitro experiment from 

section 3.4.1, showing the presence of the same three distinct populations; one large peak 

encompassing the majority of cells (AR), a small population of cells that had proliferated 

multiple times (AI), and a subset of cells that had appeared to be dead (AK) (Figure 28). 

In contrast, encapsulated cells that had been implanted into mice showed a very different 

profile after 7 days. There appeared to be the presence of two very large cell populations 

(AT & A W), proliferating at different rates as indicated by the position of their peaks on 

the intensity scale (x-axis). When isolated on the forward scatter/side-scatter (FS/SS) 

flow cytometry plot (not shown), it was noted that these live proliferating cells were 

distributed over a broad range of sizes. The dead cell population (AK) of the implanted 

encapsulated cells was also greater than that of the non-implanted encapsulated cells. 

3.4.3. Summary of in vitro and in vivo proliferation experiments 

Cellular proliferation is an important characteristic of normal cell behaviour. It 

relies on a normal cells response to growth factors, signaling molecules and transcription 

factors. An enclosed environment, much like that of AP A microcapsules, may affect 

normal cellular processes and thus their proliferative capacity [108]. Though it is known 

that myoblasts limit their proliferation within capsules by differentiating into myotubes, 

the exact proliferation profile of encapsulated cells has never been examined. Thus, a 
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flow cytometry based method of measuring free (non-encapsulated) cell proliferation was 

adapted, so that it could be applied to measuring encapsulated cell proliferation. The 

proliferation profile of free cells and encapsulated cells in vitro was studied, as well as 

encapsulated cells in vivo. It was found that the large majority of free G8 cells cultured in 

vitro were capable of continuous and synchronous cell division, as indicated by a single 

peak that decreased in CFSE intensity over the week. In contrast, encapsulated G8 cell 

proliferation slowed down only three days after encapsulation, as the intensity of the main 

peak remained relatively unchanged from this day onwards. Only a small proportion of 

encapsulated cells were able to undergo successive divisions over the course of the week. 

Encapsulation of cells also resulted in the greater accumulation of dead cells. The in vivo 

experiment revealed a very different proliferation profile for the encapsulated cells. 

There appeared to be two large populations of cells undergoing cell division instead of 

one main population as was observed in vitro. 

The CFSE division tracking dye has been commonly used for estimating 

lymphocyte proliferation and death rates, in vitro and in vivo [109, 110]. It has been used 

to quantify the number of divisions immune cells (nai've and memory cells, antigen­

specific B and T lymphocytes, etc) have undergone, with and without antigenic 

simulation [ 111]. Several mathematical models have been employed for analyzing the 

CFSE data in terms of the time to first division, the fraction of cells recruited into 

division, the cell cycle time etc [112]. On a practical level, knowledge of these rates can 

be important for the clinical assessment of diseases that demonstrate unregulated cell 
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population growth such as neoplasias. Along with studying lymphocyte dynamics, CSFE 

tracking has also been used in oncology, stem cell research, and to study the kinetic of 

bacterial division [ 113-117]. CFSE labelling of encapsulated cells has never been 

performed. Our preliminary study of in vitro and in vivo proliferation rates with 

encapsulated myoblasts has given us a better understanding of how the capsular 

environment might affect cell division. The approach of encapsulating genetically 

modified cells secreting a therapeutic product is being widely explored in gene therapy 

and cell-based enzyme replacement strategies. Our proliferation studies have established 

a successful protocol by which encapsulated cell division cycles can be studied and may 

prompt other gene therapy groups to investigate the behaviour of their specific cell line 

within capsules; as different cell lines may exhibit different proliferation patterns. The 

results of our proliferation experiments may be specific to cells secreting the FVIII 

antigen. It would be of interest to look at encapsulated cells secreting FIX to reveal 

whether the choice of antigen has an effect on the rate of proliferation. Thus, it is 

important that additional cell characteristics are studied, such as proliferation in detail, as 

it could provide additional insight into how the cells' ability for secreting the therapeutic 

product can be improved. 
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4. CONCLUSIONS AND FUTURE WORK 

4.1. Conclusions 

As a result of the examination of cells enclosed in alginate-poly-L-lysine-alginate 

microspheres performed in the current work, the following conclusions can be drawn. 

o The development of a unique flow cytometry protocol for measuring encapsulated 

cell viability, established a trypsin/EDT A strategy for dissolving the alginate and 

poly-L-lysine capsule membrane. This method allowed for the release of enclosed 

cells in solution for subsequent labeling with the fluorescent marker calcein, 

without adversely affecting cell viability. 

o Flow cytometric analysis also allowed for granularity (internal cell composition) 

measurement of encapsulated cells based on the degree of side-scatter observed on 

the plot. Thus, instead of solely measuring live and death cell count as limited by 

other viability assays, this method of viability calculation can also assess the 

health status of cells based on the change in cell morphology (side-scatter data). 

This additional piece of analysis may provide insight into the changes in cell 

secretion as a result of change in encapsulated cell morphology over time. 

o Flow cytometry analysis has several advantages over the trypan blue exclusion 

method including, analysis for a high throughput of cells (thousands per second), 

several parameters for analysis (intensity, size, and health), and was an objective 
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assay for viability calculation verses trypan blue which was subjective toward the 

examiner. 

o Encapsulated G8 and BOEC myoblasts maintain a high viability in vitro for at 

least one week. Both cell lines are capable of secreting increasing levels of cFVIII 

from the capsules at a rate similar to that of hFVIII secretion from encapsulated 

C2C12 cells [7] 

o Implantation of encapsulated G8 myoblasts secreting cFVIII into normal C57BL/6 

mice resulted in a statistically significant increase in cFVIII levels on day 1 

compared to pre-implantation levels (p < 0.001). Levels decreased thereafter and 

remained low for the remainder of the time, before eventually disappearing on day 

35. Accordingly, the viability of encapsulated G8 myoblasts upon retrieval from 

normal mice was very low on day 0 (30.2 ± 6.6 % ), but steadily improved after 

being cultured in vitro. By day 7, viability had approached pre-implantation 

levels at -53%. 

o Implantation of encapsulated G8 myoblasts secreting cFVIII into hemophilia A 

FVIII deficient K/0 mice delivered therapeutic levels of cFVIII on day 1 which 

persisted until day 7 before declining. This was a slight improvement over results 

presented by Garcia et al (2002), whose hFVIII levels declined after day 1 and 

had completely disappeared by day 7. FVIII levels on day 1 in this study were 

comparable at -18% to their -20% of normal levels. Moreover, our observed 
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decrease on day 14 was only transient as low cFVIII levels returned on day 28 and 

35. 

o The cFVIII activity in the plasma of treated mice was confirmed by aPTT assay. 

The increased activity also correlated with the days on which cFVIII antigen 

concentration was highest. 

o Treated mice had high titre of antibodies to cFVIII, in agreement with the findings 

of Garcia et al (2002). The presence of cFVIII activity as indicated by the aPTT 

assay, may suggest that the antibodies detected in our treated mice were non­

neutralizing. However, a Bethesda assay is required to confirm the absence of 

inhibitors. 

o The immediate decline in hFVIII day 1 after implantation, in the work of Garcia et 

al (2002), was attributed to transcriptional repression as measured by reduction in 

FVIII mRNA from the encapsulated C2C12 cells. The results of the current work 

do not suggest transcriptional repression to be the main reason for decline, as 

cFVIII levels persisted until day 7, and returned once again by week 5. Moreover, 

the day 7 therapeutic levels provided protection against blood loss following the 

tail-clip assay, as confirmed by the unchanged hematocrit levels in treated mice, 

and the significantly decreased hematocrit levels in the untreated mice. 
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o Whether encapsulated 08 myoblasts secreting FVIII suffer an inhibition of 

expression and hence how it compares with retrovirus-driven FVIII expression has 

yet to be investigated. 

o CFSE-labeling of encapsulated 08 myoblasts secreting cFVIII revealed their 

decreased rate of proliferation compared to free cells. The encapsulated cells also 

showed a larger dead cell population then free cells. Therefore, encapsulation 

conditions for 08 myoblasts secreting FVIII must be optimized. 

4.2. Future Directions 

o The in vitro studies using BOECs showed that this cell line was able to secrete 

increasing concentration of cFVIII from the capsules while maintaining a high 

viability The next step would be to implant encapsulated BOECs into hemophilic 

mouse mice and assess its cFVIII delivery in vivo. 

o Our aPTT data confirmed the presence of cFVIII activity in the treated hemophilic 

mice at the end of the experiment. To support this data, a Bethesda assay must be 

carried out to determine whether the anti-cFVIII antibodies detected have an 

inhibitory affect on cFVIII. 

o The results from implanting hemophilic mice with capsules, suggested that the 

disappearance of the cFVIII activity was transient, and was capable of returning at 

a later time point. Thus, a long-term experiment should be carried out to establish 
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whether encapsulated G8 myoblasts are capable of sustained cFVIII secretion over 

time. 

o Along with aPTT, the biological activity on day 7 was also confirmed by the tail 

clip assay performed on hemophilic mice which were implanted with capsules 

secreting cFVIII. These mice were protected against blood loss, showing no 

difference in hematocrit levels from normal mice. The return of cFVIII activity on 

days 28 and 35 would lead us to perform the tail-clip assay at a later day and 

evaluate the long-term protection of cFVIII. 

o Our proliferation studies of encapsulated cells secreting FVIII revealed the 

decreased proliferation potential of these cells. It would be of interest to study the 

proliferation profile of FIX secreting cells to determine whether the pattern of 

growth is antigen and/or cell line specific. 

o Finally, our flow cytometric method of analyzing cellular viability and health 

could be optimized with the use of a cell-surface specific antibody. This would 

allow for distinguishing between the cell line of interest, and other smaller/larger 

immune cells, debris, or cell fragments that appear in either Box A or B. A cell 

specific marker would increase the accuracy of which viability is reported. 
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