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Phases of clinical trials

disease

Some Phase II and most Phase III drug trials are randomized, double-blind

and placebo-controlled
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The strongest evidence for therapeutic interventions is provided by

systematic review of randomized, double-blind, placebo-controlled trials

involving a homogeneous patient population and medical condition. 

Clinical trials

Some Phase II and most Phase III drug trials 

Randomized: Each study subject is randomly assigned to receive either

the study treatment or a placebo. 

Double-blind: The subjects involved in the study and the researchers

do not know which study treatment is being given.

Placebo-controlled: The use of a placebo (fake treatment) allows

the researchers to isolate the effect of the study treatment. 
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Evidence-based medicine (EBM)

According to the Centre for EBM:

"Evidence-based medicine is the conscientious, explicit and judicious use

of current best evidence in making decisions about the care of individual patients." 

EBM integrates best available research evidence with clinical expertise
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Registered drugs are only a portion of all tested



Gene therapy of monogenic diseases



Genetic diseases - incidence, mutated genes and detection rate  

Disorder Incidence Gene Mutation detection rate

Monogenic 

Cystic fibrosis 1:4000 CFTR 98%

Duchenne muscular dystrophy 1:4000 DMD ~90%

Fragile X syndrome 1:4000 FMR 100%

Huntigton disease 1:5000-10 000 HD 100%

Hemophilia A 1: 10 000 F8C ~90%

Phenyloketonuria 1: 10 000 PAH 99%

Polycystic kidney disease 1:1500 PKD1, PKD2 ~15%

Inherited cancer

Breast-ovarian  cancer 1:4000 BCRA1 (80%) 50-65% 

BCRA2 (20%) 35%

Li-Fraumeni syndrome p53 50%

Ataxia-telangiectasia ATM 70%

Familial polyposis coli 1:4000 APC 87%

Hereditary non-polyposis coli 1:2000 MLH1 (30%) 33%

MLH2 (60%) 12%

Cardiovascular disorders

Familial hypercholesterolemia 1:500 LDLR 60%

Hyperlipidemia APOE 10%



Severe combined immunodeficiency diseases

Common characteristic: occurrence of the block in T cell 

differentiation, always associated with a direct or indirect impairment 

of B cell immunity 

17 distinct SCID phenotypes have been identified to date

Mutations in 10 genes have been found to cause SCID



Cavazzana-Calvo M et al., Ann Rev. Med. 2005



Kohn, Bon Marrow Transplant 2008



Summary 

The proof of concept of gene therapy has been demonstrated in 

patients with SCID

Gene therapy can cure diseases; side-effects happens

Side-effects are inherent feature of each treatment (not only gene 

therapy!!!)



Chronic granulomatous disease



Chronic granulomatous disease (CGD) is a rare inherited 

immunodeficiency characterized by recurrent, often life threatening bacterial 

and fungal infections due to a functional defect in the microbial-killing activity 

of phagocytic neutrophils. It occurs as a result of mutations in genes encoding 

a multicomponent enzyme complex, the NADPH oxidase, that catalyses the 

respiratory burst. The majority of patients have an X-linked form of the 

disease which is associated with mutations in a membrane-bound 

component gp91phox. HLA-matched allogeneic hematopoietic stem cell 

(HSC) transplantation can be curative, but for patients without suitable donors, 

genetic modification of autologous hematopoietic stem cells is an attractive 

alternative. 



Dr Manuel Grez’s website



Nature Medicine April 2006



Correction of neutrophil bacteriocidal function by overexpression of gp91phox 

subunit of NADPH oxidase

Naldini L, Nature Med. April 2006 



Gene therapy for X-linked chronic granulomatous disease

Quasim et al., Gene Therapy 2009 



Quasim et al., Gene Therapy 2009 

Gene therapy of immunodeficiency diseases





Other gene therapy trials



Disease targets for gene therapy 

Disease Gene(s) 

Cystic fibrosis CFTR, -1-anti-trypsin

SCID ADA

Gaucher disease glucocerebrosidase 

Hemophilia A Factor VIII 

Hemofilia B Factor IX 

Familial hypercholesterolemia LDL-R 

Muscular dystrophy sarcoglycan, dystrophin, 

utrophin 

Ornithine transcarbamylase deficiency OTC



Hemofilia A and B and gene therapy 

1. Factor VIII production is not regulated in response to bleeding 

2. The broad therapeutic index of factor VIII minimises the risk of 

overdoses 

3. Delivery of factor VIII into the bloodstream  does not require 

expression of the gene by specific organ 

4. Even low levels of the protein can be beneficial 

mRNA - factor VIII - 8,8 kb 

factor IX - 1,8 kb 

Size of the coding sequences of factor VIII and factor IX 



Steps in human factor VIII gene

transfer procedure 

Roth DA et al., NEJM 2001; 344: 1735

Clinical gene therapy

for haemophilia A 

Ex vivo – plasmid gene therapy



Roth DA et al., NEJM 2001; 344: 1735

Clinical gene therapy  for haemophilia A 



Bleeding Events and Use of Exogenous Factor VIII in Three of the Six Patients.

Roth DA et al., NEJM 2001; 344: 1735



Blood. 2003 Sep 15;102(6):2038-45. Epub 2003 May 22.

Phase 1 trial of FVIII gene transfer for severe hemophilia A using a retroviral construct 

administered by peripheral intravenous infusion.

Powell JS, Ragni MV, White GC 2nd, Lusher JM, Hillman-Wiseman C, Moon TE, Cole V, 

Ramanathan-Girish S, Roehl H, Sajjadi N, Jolly DJ, Hurst D.

Division of Hematology and Oncology, Suite 3016, UC-Davis Cancer Center, University of California 

at Davis, 4501 X St, Sacramento, CA 95817. jspowell@ucdavis.edu

In a phase 1 dose escalation study, 13 subjects with hemophilia A received by peripheral intravenous 

infusion a retroviral vector carrying a B-domain-deleted human factor VIII (hFVIII) gene. Infusions 

were well tolerated. Tests for replication competent retrovirus have been negative. Polymerase chain 

reaction (PCR) analyses demonstrate the persistence of vector gene sequences in peripheral blood 

mononuclear cells in 3 of 3 subjects tested. Factor VIII was measured in serial samples using both a 

one-stage clotting assay and a chromogenic assay. While no subject had sustained FVIII increases, 9 

subjects had FVIII higher than 1% on at least 2 occasions 5 or more days after infusion of exogenous 

FVIII, with isolated levels that ranged from 2.3% to 19%. Pharmacokinetic parameters of exogenous 

FVIII infused into subjects 13 weeks after vector infusion showed an increased half-life (T1/2; P <.02) 

and area under the curve (AUC, P <.04) compared with prestudy values. Bleeding frequency 

decreased in 5 subjects compared with historical rates. These results demonstrate that this retroviral 

vector (hFVIII(V)) is safe and, in some subjects, persists more than a year in peripheral blood 

mononuclear cells, with measurable factor VIII levels and with increased available FVIII activity 

(increased T1/2 and AUC) after infusion of exogenous FVIII concentrate.

Retroviral vectors for gene therapy of hemophilia

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Powell%20JS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ragni%20MV%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22White%20GC%202nd%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lusher%20JM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hillman-Wiseman%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hillman-Wiseman%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hillman-Wiseman%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moon%20TE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cole%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ramanathan-Girish%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ramanathan-Girish%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ramanathan-Girish%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roehl%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sajjadi%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jolly%20DJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hurst%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract




Cystic fibrosis
Mukowiscydoza



Cystic fibrosis
Mukowiscydoza

- most common autosomal recessive disorder in Caucasians 

(1:2000-2500 live births; carrier rate in northern Europeans 

- 1:20-1:25) 

in Hawaiians - 1:90000

- after asthma, CF is the commonest cause of chronic respiratory 

distress in childhood; responsible for the majority of deaths 

-



Lung of healthy person Lung of person suffering 

from cystic fibrosis

Cystic fibrosis

GeneMedicine Research Group



Mukowiscydoza 

Cystic fibrosis

Complications 

- respiratory - chronic bacterial infections; respiratory and cardiac failure

-gastrointestinal tract - more than 85% of children –

malabsorption due to exocrine pancreatic insufficiency 

- infertility - affects 85% males and  to a lesser extent females 

Median survival remains about 35 years 



CFTR gene 

Cystic fibrosis transmembrane conductance regulator 

168 kDa protein; 1480 aa residues 

CFTR codes for a chloride ion channel 

over 600 mutations produce CF; deltaF508 (D508) is the most common 

(in exon 10, interferes with ATP binding) 



Science, 19 June 2009



Cystic fibrosis key dates



Gene therapy for cystic fibrosis 

- the most often treated disease with gene therapy  

- clinical trials started in 1993

Gene therapy strategies

1. Gene transfer of  CFTR with: 

a) various vectors, initially adenoviruses, but it has been

found that there are not receptors for Ad on the apical 

surface of lung epithelium 

- then the most common were AAVs – but unsuccesful

b) mode of delivery: 

- bronchoscopy 

- aeorosol



Clinical trials of gene therapy in CF 

Expression limited to 30 days



Dystrofia mięśniowa

Muscular dystrophy 



Duchenne muscular dystrophy

Progressive muscle weakness, more proximal

Onset between 2-4 years of age 

>95% in wheelchair by 12 years of age 

Death between 15-25 years of age 

Variable mental retardation 

Frequent cardiac involvement 

Orthopaedic deformities

Calf hypertrophy 

High creatine phosphokinase concentrations 

Dystrophin deficiency in muscle

Hereditary, 

X-linked disease 

Gene Xp21 mutations

In 1861, Duchenne described his first case of the dystrophy 

that now bears his name, under the title, Paraplégie 

hypertrophique de l'enfance de cause cerébrale. Because of the 

intellectual impairment in the affected boys, Duchenne initially 

thought the condition was cerebral in origin. 



Structure of contractile unit – role of dystrophin



Duchenne & Becker muscular dystrophy

Duchenne dystrophy: 1:3000 newborn males 

X - linked; 

The largest gene described in humans (~1% of X chromosome), 

extending over 2300 kb and comprising 79 exons

- The size of the gene (2.4 Mb) and mRNA (14 kb) is a serious problem

- in 65% patients the molecular abnormality involves exon deletions

Becker dystrophy: 7-10 times less frequent that Duchenne



Phase I study of dystrophin plasmid-based gene therapy in 

Duchenne/Becker muscular dystrophy.

Hum Gene Ther. 2004 Nov;15(11):1065-76

Romero NB, Braun S, Benveniste O, Leturcq F, Hogrel JY, Morris GE, Barois A, Eymard B, Payan C, Ortega 

V, Boch AL, Lejean L, Thioudellet C, Mourot B, Escot C, Choquel A, Recan D, Kaplan JC, Dickson G, 

Klatzmann D, Molinier-Frenckel V, Guillet JG, Squiban P, Herson S, Fardeau M.

Institut de Myologie, INSERM U582, CHU Pitie-Salpetriere, 75013 Paris, France.

Nine patients with Duchenne or Becker muscular dystrophy were injected via the 

radialis muscle with a full-length human dystrophin plasmid, either once with 200 or 

600 microg of DNA or twice, 2 weeks apart, with 600 microg of DNA. In the biopsies 

taken 3 weeks after the initial injection, the vector was detected at the injection site in 

all patients. Immunohistochemistry and nested reverse transcription-polymerase chain 

reaction indicated dystrophin expression in six of nine patients. The level of expression 

was low (up to 6% weak, but complete sarcolemmal dystrophin staining, and up to 26% 

partial sarcolemmal labeling). No side effects were observed, nor any cellular or 

humoral anti-dystrophin responses. These results suggest that exogenous dystrophin 

expression can be obtained in Duchenne/Becker patients after intramuscular transfer of 

plasmid, without adverse effects, hence paving the way for future developments in gene 

therapy of hereditary muscular diseases.



Major hurdles include:

1. the need to correct large masses of 

tissue (40% of the body weight) with 

minimal damage to the already 

inflamed and necrotic muscles, 

2. Prevent the immune rejection to the 

therapeutic protein, 

3. sustained (if possible, life-long) 

expression.

4. Size of the gene/cDNA

Problems in gene therapy of Duchenne muscular dystrophy



Foster et al., Gene Therapy 2006 

Partial dystrophins can exert therapeutic effect 

Spectrin-like 
central rod domain 
is largely dispensable



James G Tidball & Melissa J Spencer

Nature Medicine 9, 997 - 998 (2003)



Gene therapy for Duchenne muscular dystrophy

Gene transfer Correction of mutation Cell therapy

(myoblast transplantation)

dystrophin utrophin



Utrophin

-A homologue of dystrophin 

-Present in DMD patients

- contains 74 exons, about 1 Mb – so 1/3 of dystrophin, 
but its transcript (about 13 kb) is almost as large

-Ubiquitously expressed; in muscle its expression is maturation 
dependent, and it is gradually replaced by dystrophin, 
therefore it is lacking in DMD

- upregulation of utrophin by pharmacological treatment 
or gene transfer may help to improve conditions in DMD



Animal models of DMD
1. Dmdx mice – not fully compatible with human DMD

(mutation in exon 23 of dystrophin gene; 
normal lifespan)

2. Golden retriever muscular dystrophy dogs
- by 8 months of age dogs walk with most   

difficulty 



Gutless vectors for dystrophin or urotrophin transfer

– gutless Ad or AAV vectors

Mdx mice – a model of muscular dystrophy

dystrophin utrophin 

Sham-injected
Sham-injected

Wild type

mice

Mdx

mice



Nature Med., July 2006 

dystrophin 
in diaphragm
after AAV6-
delivery

After i.v. delivery of AAV6-dystrophin, the gene was expressed for at least one year

Double KO – dystrophin & utrophin
80% mortality at 15 weeks of age 



Repairing of mutation in gene therapy 



Exon skipping as a way to improve conditions in DMD

















Cell therapy in DMD 

Azor



Nature, published on line Nov 15, 2006

4 dogs received autologous or heterologous mesoangioblasts 
transduced in vitro with lentiviral vector encoding microdystrophin



Nature, published on line Nov 15, 2006





Hope, hypes and cheating

Be aware of dishonest people!



Gene therapy of Leber’s congenital amaurosis







Lancet, Octobr 2009



Summary – gene therapy of monogenic diseases


