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INTRODUCTION 

Hemophilia and Blood Clotting 
Hemophilia is an inherited bleeding disorder caused by a low level of a substrate in the 

blood clotting mechanism.  There are two forms of the disease: Hemophilia A, or classic 

hemophilia, is caused by a deficiency in Factor VIII and accounts for approximately 80% of the 

documented hemophilia cases.  Similarly, hemophilia B (also known as Christmas disease) is 

caused by a deficiency in Factor IXa.  Clinically, both types of hemophilia display a lack of 

sufficient fibrin formation during the clotting reaction leading to prolonged bleeding (Wood et al, 

1984).  

Hemophilia as a disease has been described as early as the 10th century when the Moorish 

physician Khalaf ibn Abbas Abu-al-Kasim refered to a hemophilic disorder in a medical 

handbook.  It became well known as the “Royal Disease” in the 18th century when Queen 

Victoria of England spread the disease to the ruling families of Europe and Russia (Baxter 

Healthcare Corporation, 1999). 

Transmission of hemophilia is sex-linked.  It is carried on the X chromosome as a 

recessive trait.  Females can transmit hemophilia to their sons, while a male hemophiliac’s can 

be normal.  In contrast, daughters of male hemophiliacs may transmit the disease to half of their 

sons.  This is shown in the heredity diagram, Figure 1 below: 
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Figure 1: Transfer of hemophilia (“hemophilia” Encyclopædia Britannica Online, 1999) 

Since hemophilia is X-linked and recessive, female hemophiliacs are rare; in order for a female 

to inherit the disease, a female carrier must produce an offspring with a male hemophiliac, and 

the X chromosome from the female must contain the gene. 

As mentioned previously, hemophiliacs lack either Factor VIII or Factor IXa, two of the 

proteins in the blood coagulation cascade shown in Figure 2. 

 

Figure 2: The blood coagulation cascade (“Bleeding and blood clotting,” Encyclopedia 
Britannica Online, 1999). 

The diagram demonstrates the effect of Factors VIII and IXa on the blood clotting mechanism. 

Factor IXa assembles on the surface of membranes in a complex with Factor VIII.  A deficiency 

in either of these proteins will prevent the formation of a stabilized fibrin clot to stop bleeding. 

Early Treatment of Hemophilia 
Although hemophilia has been documented for almost 1000 years, treatment of the 

disease to date has been largely unsuccessful until this century.  The first successful treatment of 

hemophilia can be traced to the late 1930s when whole blood transfusions were used to 
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temporarily provide the deficient clotting factor.  This approach was only successful in the 

treatment of minor bleeding episodes due to the low levels of the clotting factors in the blood 

serum.  Treatment of large-scale bleeding using this method required large volumes of blood that 

overloaded the patient’s circulatory system and caused severe complications. 

Work to produce concentrated Factor VIII for the treatment of hemophilia can be traced 

to the early 1950s when it was discovered that a cryoprecipitate, which forms during the slow 

thawing of frozen plasma, contains a high concentration of antihemophilic factor (AHF).  In 

1966 Baxter Healthcare Corporation made an AHF concentrate commercially available. In 1988, 

Baxter introduces the first plasma-derived factor VIII concentrate called HEMOFIL M AHF 

(Baxter Healthcare Corporation, 1999). 

Recombinant Factor VIII 
In 1984, the genes that control the production of Factor VIII and IXa were isolated.  This 

advance allowed the research and development of a genetically engineered factor replacement 

product to begin.  In 1992, Baxter in conjunction with Genetics Institute introduces the world's 

first genetically engineered factor VIII concentrate plasma under the trade names Recombinate 

and ReFacto. This breakthrough offers a factor VIII replacement therapy that is not derived from 

human (Baxter Healthcare Corporation, 1999). 

In February 1993, just two months later, Genentech produced a second recombinant 

factor VIII therapy under the trade name Kogenate, marketed by Bayer.  There are currently four 

other recombinant factor VIII therapies in development by Biogen, Genetic Therapy, Biovector 

Theraputics, and Immune Response.  Of these four therapies in development, Biogen has made 

the most progress with their Antova product line; Antova finished its Phase II Clinical Trials in 

November of 1998 (Recombinant Capital: Biotech Clinical Trials, 1999). 

Gene Therapy 
While there are approaches currently under development that deliver Factor VIII directly 

to patients, there are few Factor VIII gene therapy protocols under development in the 

biotechnology community.  This presents an exciting opportunity for breakthroughs in treating 

patients directly with the Factor VIII gene.  Such treatments, if effective, will be much more 
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favorable as compared to conventional hemophilia treatments.  In gene therapy, host cells are 

stimulated to produce a protein whose host genetic code has been changed.  This means that the 

cells will be able to produce factor VIII for themselves – until these cells lose the plasmid that 

encodes Factor VIII.  This is advantageous to patients currently on Factor VIII replacement 

therapy, because it entails less frequent injections per yearly dose.   

This paper examines a protocol that engineers a Factor VIII plasmid suitable for human 

gene therapy and an industrial scale protocol for the synthesis of pharmaceutical grade Factor 

VIII. 
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RESEARCH AND DEVELOPMENT – MOLECULAR BIOLOGY 

Plasmid Construct Development Features and Rationale 
The most efficient means of producing large amounts of DNA for gene therapy involves 

propagation of plasmids in E. coli.  Each bacterial cell can contain hundreds of copies of the 

same plasmid depending on the origin of replication and the size of the plasmid.  pBR322 is a 

commonly used plasmid cloning vector which replicates from the ColE1 ORI (origin of 

replication).  However, pBR322 maintains copies of just twenty to fifty plasmids per cell.  

Lahijani et al. describe a G to A mutation in the ORI which can increase the plasmid copy 

number per cell.  This mutation is temperature sensitive, in that the copy number increases as the 

growth temperature increases, but for reasons described later, the protocol relies upon an 

approximate 2.4 fold increase in production at 30°C incubation with the mutant ColE1 ORI 

during the majority of plasmid replication.  The G to A mutation can be obtained from the 

pUC19 origin of replication. 

The prolonged expression from a complementary DNA expression plasmid presents a 

problem in gene therapy.  Normal Factor VIII levels are 100 to 200 ng/ml in plasma, but in vitro 

expression levels have been found to be very low for the full length 8967 base pair Factor VIII 

cDNA (Kaufman, 1988).  In versions of the cDNA with the B domain deleted, a 2679 base pair 

region corresponding to amino acids 746-1639 of the gene which is not required for coagulation, 

increased expression levels are seen (Pittman et al, 1993).  Since removal of the B domain has no 

adverse effects on protein activity, omitting this region would have the benefit of increasing 

expression as well as decreasing the overall size of the cDNA insert by 2679 base pairs to 6288 

base pairs.  The smaller plasmid size should also improve plasmid copy number with less base 

pairs of DNA required to be replicated by bacteria during plasmid production.  The B-domain 

deleted human factor VIII cDNA can be obtained from the Bayer Corporation in plasmid p25D 

(Ill et al). 

In order to terminate transcription of factor VIII, the cDNA needs to be followed by a 

polyadenylation sequence.  A common source of this sequence is TSV40 found on most eukaryotic 

expression vectors including CMV-Script from Stratagene. 
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Factor VIII RNA export from the nucleus also appears to be a problem with only 10% 

reaching the cytoplasm.  Therefore, in order to achieve the 10 ng/ml therapeutic levels of Factor 

VIII expression in plasma, it is necessary to increase mRNA synthesis in the hopes of eventually 

getting more mRNA into the cytoplasm for translation to protein.  The amount of mRNA 

synthesized depends on the promoter used in the plasmid construct. Since the CMV (human 

cytomegalovirus) promoter is commonly used for high level expression of cDNAs and has been 

shown to be effective in all types of cells, the 603 base pair CMV promoter to express Factor 

VIII will be used.  Studies have shown that the CMV promoter can increase expression levels 2.3 

fold (Ill et al, 1997).  The CMV promoter can also be obtained from Stratagene in the CMV-

Script vector. 

While we intend to start plasmid development is intended to begin including the CMV 

promoter in the plasmid construct, it should be noted that it may be necessary in the future to 

alter the promoter due to potential problems with the viral promoter.  These include the 

following: reports that expression from the CMV promoter becomes attenuated with time, the 

possibility of immunostimulatory sequences contained within the CMV promoter, and adverse 

effects of Factor VIII production in cells other than in liver tissue.  If further research concludes 

that this is indeed the case, there are other liver specific promoters and enhancers that could be 

utilized instead. 

An additional way to make gene transfer expression from a plasmid more efficient is to 

eliminate bacterial sequences from the plasmid.  Bacterial sequences and cryptic expression of 

bacterial proteins can cause an immune response.  Bacterial sequences can also reduce 

expression levels of the gene being transferred.  However, in order for propagation to occur in E. 

coli, bacterial sequences including the origin of replication and an antibiotic resistance marker 

for selection of the plasmid are required.  To remove these sequences from the final plasmid 

product it is possible to use a sequence specific recombination event to form minicircles.  

Darquet et al. describe the use of attB and attP sequences separating the desired factor VIII gene 

transfer construct from the bacterial sequences.  Upon recombination mediated by the phage λ 

integrase, two minicircles are formed.  Both include an attR sequence resulting from the 

recombination event.  One minicircle will contain the expression construct while the other will 

have all the bacterial sequences.  This process will effectively remove the possibility of any 
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expression of marker genes in the final plasmid product when the desired factor VIII expression 

construct minicircle is purified away from the minicircle containing bacterial sequences.  To 

facilitate this later purification step, a poly-GAA nucleotide sequence repeat tag [(GAA)17] will 

be included with the expression construct.  The tag can easily be obtained through 

oligonucleotide synthesis of the 51 base pairs.  This tag is explained in more detail in the section 

on plasmid purification. 

The attP/attB recombination event relies on λphage integrase activity.  Therefore E. coli 

strain D1210HP (D1210 lysogenized with λ cI857 xis- kil- phage) will be used for plasmid 

production.  In order to activate recombination, the λ phage lytic cycle must be initiated by 

increasing incubation temperature from 30°C to 42°C for 10 minutes.  This recombination event 

is the reason why the base growth temperature can’t be above 30°C during the plasmid 

replication stage.  If the temperature were higher during plasmid replication there would exist the 

possibility that recombination would take place before growth and plasmid replication are 

completed.  If this were to happen the minicircle containing the bacterial sequences could be 

replicated while the factor VIII containing minicircle would cease to replicate with no ORI.  

Early recombination would be an undesirable situation, because it is desirable to produce as 

much of the factor VIII minicircle as possible.  The 385 base pairattP sequence can be obtained 

from PCR of λ phage DNA, while the attB sequence of 31 base pairs can be produced by 

oligonucleotide synthesis. 

Plasmid Cloning 
To make the plasmid, the CMV-Script vector (from Stratagene) will be modified.  CMV-

Script contains the CMV promoter followed by a multiple cloning site, the SV40 

ployadenylation sequence, bacterial sequences including a kanamycin resistance gene, and the 

ColE1 origin of replication.  To include the construct features described in the previous section, 

att recombination sites, the factor VIII gene along with the poly-GAA tag, and the G to A 

mutation in the ColE1 origin must be added. 

The G to A mutation can be added by taking the 306 base pair fragment from an Alw NI 

and Bsp HI digestion of pUC19.  This fragment is ligated into the 3972 base pair CMV-Script 

fragment from a partial digest with the same enzymes.  The resulting plasmid is then partially 
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digested with Afl II to insert a synthesized oligonucleotide sequence with AflII ends and the 31 

base pair attB followed by the (GAA)17 tag just upstream of the CMV promoter.  The attP 

sequence will be generated from PCR of λ phage DNA with oligonucleotides containing Bcl I 

ends and inserted just downstream of the SV40 polyadenylation sequence.  Finally, factor VIII 

will be PCR generated from p25D with a Sac II oligonucleotide from the 5’ end and Xho I 

oligonucleotide at the 3’ end.  The product is inserted in the multiple cloning site following 

digestion of CMV-Script with the same enzymes.  The resulting plasmid, pCMV-FVIII, will be 

just over 11 kilobase pairs in length. 

The CMV-Script/FVIII will need to be sequenced to assure that the cloning was done in 

the correct orientation and that no mutations arose from fragments produced by PCR.  The 

completed plasmid and the recombination forms are shown in Figure 3: The CMV-Script/FVIII. 
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Figure 3: The CMV-Script/FVIII 
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PRODUCTION 
Lahijani et al. (1996) developed a process that yields 0.075 grams of plasmid DNA in a 

10 liter batch reactor.  Using a pBR322 derived plasmid with a high-copy number mutation, they 

were able to yield a between 0.031 and 2.2 grams of plasmid DNA, with the highest yield 

resulting from a temperature shift that represses a suppressor of plasmid DNA synthesis.  Two 

temperature sensitive proteins, Rop (repressor of primer) and Rom (RNA one modulator), 

repress plasmid DNA synthesis at high temperatures.  Temperatures of 30°C repress the function 

of both of these proteins, yet still permit E. coli growth.  In specific, Lahijani et. al. recovered 

0.075 grams of plasmid DNA in a batch process (involving a pBR322 variant) at 30°C, using a 

10 liter tank. 

Because the minicircle approach is used, the benefits of the reported temperature switch 

cannot be employed.  This is because the production of the minicircle requires a temperature 

switch of its own (the molecular biology of this process is detailed in the Research and 

Development section).   

All procedures that scale up a biochemical process tend to become more inefficient.  

Batch reactors employ mechanical means of agitation, such as a propeller mounted to the bottom 

of a tank.  Efficient distribution of nutrients (oxygen, glucose, etc.) is more difficult in a larger 

tank because a single propeller cannot distribute nutrients as efficiently as it can at a smaller 

scale.  Although there is little in the literature to suggest what yields are possible at a 1000 liter 

scale, theoretical yields are estimated from the results of Lahijani. 

Assuming that a 1000 liter batch process is 70% as efficient as a 10 liter process, the 

batch process will yield: 

(0.0075 grams/1 liter)(1000 liters)(70% efficiency) = 5.25 grams 

100,000 hemophiliacs will be treated per year, at a dose of 1 mg per year.  This means 

that 100 grams of purified product are required to treat all of these hemophiliacs.  The 

purification scheme to be employed will have an expected recovery of 50%.  Therefore, 200 

grams of unpurified plasmid DNA need to be made every year in the batch process, requiring 40 

runs of the 1000 liter batch. 

http://www.kiok.com/
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Innoculum Preparation 
20 liters of Terrific Broth media containing 50 mg/liter kanamycin will be innoculated 

with an isolated colony from a plate that has been streaked using a glycerol stock of pCMV-

FVIII and grown at 35°C for 16 hours at 300 rpm. 

Batch Fermentation 
Batch fermentations will be run in a Braun Biostat ED fermentor with a working volume 

of 1000 liters.  The media used for batch fermentation will contain 30 grams/liter yeast extract 

(Difco Laboratories, Detroit, MI), 10 grams/liter NaCl, 1 ml/liter glycerin, 0.15 ml/liter antifoam 

(PPG industries, Gurnee, IL), and 50 mg/liter kanamycin.  The fermentor will be innoculated 

with the 20 liter innoculum and was aerated at 10 liter/min and agitated at 28 rpm.∗  The initial 

pH will be 6.4.  Cell growth will be monitored by measuring the optical density (OD) at 600 nm 

using a Hewlett Packard Diode Array spectrophotometer. Batch fermentations will be carried out 

either at a constant temperature of 30°C with a shift to 42°C at OD600 of 12 ± 2 representing the 

mid-log phase. OD600 will be monitored closely during fermentation and growth until the 

stationary phase will be reached.  Cells will be harvested when OD600 reaches 20 or greater. 

Separation Process 
Clinical grade plasmid appropriate for use in human gene therapy must meet the stringent 

criteria of the Food and Drug Administration’s GRAS (generally recognized as safe) criteria.  

Standard laboratory protocols for purifying plasmid DNA do not meet FDA GRAS standards and 

do not have the capacity for efficient scale up.  Current state of the art techniques for the 

purification of plasmid DNA rely upon the use of laboratory scale centrifugation, extraction, 

with toxic organic solvents, and the use of animal derived enzymes (lysozyme, Rnase, Proteinase 

K).  Final purification of plasmid DNA is accomplished using methods that may include 

laboratory scale ultra-centrifugation, gel electrophoresis, and chromatography.   

                                                 
∗  Note:  It is important to keep the Reynolds number (Re) of this process constant, because Re is a measure of the 
energy applied to mix a substance and the results of that mixing. Re is proportional to the product of the diameter of 
the stirrer squared and the rpm of the propeller.  In the Lahijani process, Re is proportional to 216 (assuming a 
propeller diameter of .6m, and rpm = 600).  For a 1000 liter tank, with propeller diameter of 3.7m, rpm must be 28 
rpm in order to keep Re constant. 

http://www.kiok.com/
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In particular the ultracentrifugation step involves ethidium bromide in order to create a 

density gradient between plasmid DNA and other nucleotide fragments.  However, this technique 

is not scalable.  Furthermore, ethidium bromide is a highly mutagenic, teratogenic agent whose 

presence is not acceptable, even in minute quantities, for administration into humans.   

Therefore, plasmid DNA will be isolated according to a procedure detailed by Marquet, 

et. al. (1996) which gives a purification protocol that yields pharmaceutical grade plasmid DNA.  

This multistep process contains several steps, which implies that that the overall yield will not be 

ideal.  (overall yield equals the average yield of each step raised to the power of the number of 

steps employed)  However, the seemingly excessive number of purification steps is necessary to 

achieve pharmaceutical grade plasmid DNA.  Note:  all purifications steps are stated in terms of 

grams wet weight of the original centrifugation isolate. 

Centrifugation 

Cells will be harvested from the tank by drawing broth from the harvest valve into tared 1 

L centrifuge bottles.  Cells will be concentrated by centrifugation at 4900 rpm for 30 minutes.   

Cell Lysis 

The cell paste will be suspended in 7ml/g-wet wt. of bacteria using solution I (61 mM 

glucose, 25 mM Tris buffer pH 8.0, 10 mM pH 8.0), and stirred at room temperature.  To this 

solution, 14ml/g-wet wt. of solution II (.2N NaOH, 1% SDS) will be added and swirled until a 

clear viscous solution appears.  This will be incubated on ice for 10 minutes to protect against 

chromosomal shearing.  To the iced mixture, 10.5 ml/g-wet wt. of solution III (3M potassium 

acetate, pH 5.0) will be added; the solution will be shaken and iced for 10 minutes. 

Filtration 

The lysate will be filtered through two filters of Miracloth to remove the bacterial cell 

wall, and repeated three more times.  Crude DNA filtrate will be precipitated with .6 volumes of 

cold isoproponol and incubated for two hours.  Crude nucleic acid precipitates will be collected 

after centrifugation at 12000 rpm for 30 minutes.  The pellet will be resuspended in 1ml/g-wet 

wt. TE (0.01M Tris-base, 0.001M EDTA pH 8.0).   

http://www.kiok.com/
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RNA and Lipopolysaccharide Removal 

0.29 g per original-wet wt. bacteria of ammonia acetate will be dissolved into the 

DNA/TE resuspension so that a final concentration of 2.5M is achieved.  Additional TE buffer is 

added if necessary to correct the volume.  This will be incubated on ice for 15 minutes.  The 

mixture will then be centrifuged again at 10,000 rpm for 20 minutes; the supernatant will be 

filtered through a 0.8µ membrane and an equal volume of phenolchloroform:isoamyl alcohol 

(25:24:1) will be added.  This mixture will be stirred for 30 minutes, and will then be centrifuged 

at 5000 rpm to facilitate the separation of the aqueous and organic phases.  The aqueous phase 

will be collected and the DNA precipitated by the addition of 2 volumes of cold ethanol, mixed 

and incubated for 1 hour.  The precipitate will be centrifuged at 12000 rpm for 30 minutes.  The 

pellet will be resuspended in TE buffer using 0.5 ml/g-wet wt.  Sodium acetate at pH 5.2 will be 

added to achieve a final concentration of 1.1M.  30% polyethylene glycol (PEG) in 1.6M NaCl 

will be added to this solution so that the final concentration is 4% PEG.  This PEG containing 

material will be allowed to incubate at 4°C for 8 hours. 

DNA Precipitation 

Following the 4% PEG precipitation, the material will be centrifuged at 12000 rpm for 30 

minutes.  The supernatant will be decanted to a clean bottle and an additional 30% PEG in 1.6M 

NaCl will be added for a final PEG concentration of 10%.  This PEG containing material will be 

incubated for 8 hours, again at 4°C for a minimum of 8 hours.  It is then centrifuged just as 

above.  The pellet will be resuspended in a small amount of TE, and one-tenth of a volume of 

3M sodium acetate (pH 5.2) will be added and 2 volumes of cold ethanol will be added.  This 

mixture will be incubated at -20°C for an hour, then centrifuged at 12000 rpm for 30 minutes and 

resuspended in a small amount of column buffer (TE, 150 mM NaCl, pH 8.0). 

Triple Helix Affinity Chromatography 

DNA has the ability to naturally form triple helices, when a double stranded homopurine-

homopyrmidine helix forms Hoogsteen hydrogen bonds to a third single stranded 

homopyrmidine tract.  This bonding occurs at mild acidic conditions when the third strand’s 

cytosine is protenated forming C+-G-C bonds.   Wils and associates developed a method that 

incorporates a synthetic homopyrmidine oligonucleotide covalently bound to a HiTrap NHS- 

http://www.kiok.com/
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activated column that is commercially available from Phamacia Biotech.  They optimized the 

oligo length and found that a (CTT)7 oligo bound to the support by a (CH2)12 linker worked best 

when the plasmid to be isolated contained a (GAA)17 sequence.   The oligo/linker are covalently 

linked to a Sepharose column by diluting the oligo in 0.2M sodium bicarbonate, 0.2M sodium 

chloride pH 8.3 and incubating the column for thirty minutes.  Unbound oligo, which leaves 

excess active binding sites on the column, is deactivated with 0.5M ethanolamine, 0.5M sodium 

chloride pH 8.3.  The column is then washed with 0.1M sodium acetate, 0.5M sodium chloride, 

pH 4 and stored at 4°C in a PBS 0.1% sodium azide solution until use.  The columns have been 

washed and reused up to ten times with out loss of efficacy (Wils et al, 1984). 

The column is inoculated with the previous steps DNA solution at a linear flow rate of 15 

cm/hr and incubated for 2 hours at room temperature to allow the triple helix formation.  After 

which time the column is washed with 2M sodium chloride, 0.2M sodium acetate-acetic acid 

buffer pH 4.5 at a linear flow rate of 50cm/hr.   After several washes, elution of the bound 

plasmid is achieved by adding elution buffer composed of 1M Tris-HCl pH 9.0, 0.5mM EDTA.  

The change in pH causes the release of the bound plasmid without disturbing its integrity.  The 

elution of plasmid can be monitored on-line with a UV-1 monitor set to 254nm absorbance.   

Under these conditions Wils and associates were able to recover 2ug plasmid DNA from 1 ml 

culture.  This is approximately a 50% yield of plasmid when measured against the known 

amount of plasmid applied to the column.  To facilitate further yield they recirculated the wash 

fractions back onto the column. 

The entire batch growth, separation, and purification process is diagramed in Figure 4: 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: The growth, separation, and purification process. 
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COST EVALUATION 
The project requires an initial capital investment of $21 MM, including fixed and variable 

costs for the first year of production.  A summary of costs follows: 

ITEM Cost Per Unit Cost Per Run Yearly Cost
Centrifuge 62,000.00$     per unit 62,000.00$     62,000.00$          
HiTrap NHS-activated Columns 71.00$            per unit 71,000.00$     71,000.00$          
Laboratory Costs 500,000.00$        
Tubing connectors and adaptors 26.00$            per unit 26,000.00$     26,000.00$          
Building/Plant/Fermentor 8,821,000.00$     

.8 micron membrane 200.00$          1 1,600.00$       64,000.00$          
Column Buffers 234.85$          per year 234.85$          234.85$               
Ethanol 20.00$            500ml 8,000.00$       640,000.00$        
Glucose 0.30$              per kg 23.10$            924.00$               
Glycerin 39.96$            per L 39.96$            1,598.40$            
Isoamyl Alcohol 188.11$          3L 3,135.17$       125,406.67$        
isopropanol 33.00$            1L 6,600.00$       264,000.00$        
Kanamycin 35.20$            per 5g 352.00$          14,080.00$          
Miracloth Filters 50.00$            5 80.00$            3,200.00$            
NaCl 238.40$          per 10kg 238.40$          10,336.00$          
NaOH (.5M) 20.00$            500 ml 4,000.00$       160,000.00$        
Phenolchloroform 103.00$          400ml 12,875.00$     515,000.00$        
Polyethylene Glycol 133.78$          4kg 66,890.00$     9,414,600.00$     
Potassium Acetate 18.78$            500g 75.12$            3,004.80$            
Ringer's for Injection 4.95$              500ml 0.99$              39.60$                 
SDS 45.00$            25 g 252.00$          10,080.00$          
Silicon Antifoam 173.69$          per 100g 260.54$          10,421.40$          
Sodium Acetate 5.00$              250ml 400.00$          16,000.00$          
TE 75.65$            1L 378.25$          45390
Terrific Broth 26.75$            per 1L 535.00$          21,400.00$          
Tris 318.00$          5 kg 636.00$          25,440.00$          
Yeast Extract 290.55$          per 2kg 4,358.25$       174,330.00$        
Total Cost 446,981.27$   20,999,485.72$   

Table 1: Cost Summary. 
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The cash flows for the project are as summarized in Table 2: 
Year 0 1 2 3 4
Raw Materials 11,519,250.87$     11,519,250.87$      11,519,250.87$      11,519,250.87$      11,519,250.87$          
Salaries and Wages 1,925,770.00$       1,925,770.00$        1,925,770.00$        1,925,770.00$        1,925,770.00$            
Utilities 658,483.00$          658,483.00$           658,483.00$           658,483.00$           658,483.00$               
Amortized Equipment Cost, 12%, 10 yrs. 575,890.69$          575,890.69$           575,890.69$           575,890.69$           575,890.69$               
Amortized Plant Costs, 30 yrs, 12% 134,578.00$          134,578.00$           134,578.00$           134,578.00$           134,578.00$               
Taxes and Insurance 383,782.00$          383,782.00$           383,782.00$           383,782.00$           383,782.00$               
TOTAL 15,197,754.56$     15,197,754.56$      15,197,754.56$      15,197,754.56$      15,197,754.56$         

Cost per mg 151.98$                 
Markup 25%
Yearly Patient Cost 189.97$                 
Yearly Revenue 18,997,193.20$      18,997,193.20$      18,997,193.20$      18,997,193.20$          

Yearly Cash Flow (15,197,754.56)$    3,799,438.64$        3,799,438.64$        3,799,438.64$        3,799,438.64$            

NPV 17 Years, 15% Cost of Funds 7,278,524.46$       
Initial Capital Investment 21,197,754.56$      

Table 2: Cash flow summary. 

As can be seen above, payback for the project occurs in 5.58 years.  The net present value 

(assuming a 15% cost of funds) is $7.3MM.  This assumes a project lifetime of 17 years; this 

figure concurs with the life of a patent.  Assuming that the buyer of the plasmid has a patent 

concerning Factor VIII gene therapy, this patent expires in 17 years.  Therefore, this is a 

reasonable assumption concerning the lifetime of the project. 
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CONCLUSION 
This plasmid production scheme theoretically will produce 105 grams of purified plasmid 

to be sold to Group 2 for gene therapy.  The plasmid minicircle is supposed to be able to express 

factor VIII in humans.  However, without experimental trials it is uncertain if the plasmid 

minicircle construct will actually express factor VIII in humans or if it will be safe i.e. pure 

enough for use in humans.  To be sure our procedures are effective it will be necessary to 

perform analysis of the following: 

•  Sequencing for the correct nucleotide sequence 

•  Quality control assays to determine purity 

•  Human cell line transfections for effectiveness of expression 

There are various problems that could arise depending on the results of these analyses: 

•  Toxicity due to impurities such as endotoxins 

•  Mutations in the factor VIII gene sequence 

•  Lack of  factor VIII expression in humans with the CMV promoter 

It may be necessary to alter the construct or add steps to our purification methods.  For instance, 

a liver specific promoter or enhancers in the promoter region of the construct may give better 

factor VIII expression.   Depending on the efficiency of attP and attB recombination, perhaps it 

will be necessary to separate the unrecombined plasmid from the CMV-FVIII minicircle.  These 

are all points that may or may not need to be resolved during the initial plasmid development and 

purification trials.  In addition, it is unknown if Group 2’s delivery scheme will work with the 

pCMV-FVIII minicircle plasmid.  The success of this company will depend on how quickly and 

efficiently the research and development team can resolve the potential problems of the plasmid 

product purification processes.  The more problems that come up, the more the cost of the 

product development will increase.  If, however, it is possible to quickly optimize protocols and 

methods, the company will have succeeded in bringing a new gene therapy product to the market 

to better the quality of life of hemophiliacs. 
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