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Who are LAT and the ATTCs?

The ATTC (Advanced Therapy Treatment Centre) network 

is funded by Innovate UK and the Industrial Strategy 

Challenge Fund

London Advanced Therapies (LAT) is funded by Research 

England

The centres are working together, along with the Cell and 

Gene Therapy Catapult to specifically look at the training 

requirements for the current workforce and what needs to 

be put in place for them to be ready to deliver the 

treatments that are currently being developed. 

This series of webinars is designed to help increase the 

awareness of advanced therapies and their impact in the 

clinic

Find out more at https://www.theattcnetwork.co.uk/

https://www.theattcnetwork.co.uk/
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• What is a rare disease?
• Why are rare diseases important?
• Genes and rare diseases
• Gene therapy products
• The need for treatments
• Spinal muscular atrophy
• Treatments for spinal muscular atrophy
• The genomic medicine revolution

What is he talking about???



In Europe, a disease is rare if fewer than 1 in 2,000 people 
are affected...

...more than 9,600 rare diseases, up to 6-7% of people, 
20% of Health budget...

…most rare diseases affect children and 30% of people 
affected will die before their 5th birthday…

... 40-72% of rare diseases are inherited (genetic).

Why are Rare Diseases important?



In many monogenic genetic diseases the therapeutic 
target has been defined and validated.

Most gene therapy technology has been developed and 
tested on rare diseases, but will also be applied to 
common diseases.

Why are Rare Diseases important?



Genes store the info to make proteins

normal gene

mutant gene

normal protein

abnormal protein or no protein



What is gene therapy?

Deliberate alteration 
of the genome or its 
function to produce a 
therapeutic benefit. 
Sometimes  cells are 
modified outside the 
body, resulting in gene 
cell therapy.



Approved gene therapy products

[Antisense oligonucleotides:]

• Exondys 51 (antisense oligonucleotide, Duchenne muscular dystrophy, US)

• Spinraza (antisense oligonucleotide, Spinal muscular atrophy, US, EU…)

• Onpattro (siRNA in lipid nanoparticle, hereditary ATTR amyloidosis, US, EU)

• Tegsedi (antisense oligonucleotide, hereditary ATTR amyloidosis, EU)

Viral vectors:

• Gendicine (adenovirus vector, Cancer, China)

• [Glybera (adeno-associated virus vector, LPL deficiency, EU)]

• Imlygic (herpesvirus vector, Cancer, EU and US)

• Luxturna (adeno-associated virus vector, RPE65 deficiency, US, EU)

• Zolgensma (adeno-associated virus vector, Spinal muscular atrophy, US, EU)

Genetically modified cells:

• Strimvelis (ADA retrovirus vector-treated autologous HSCs, ADA deficiency, EU)

• Zalmoxis (HSV-TK retrovirus vector-treated allogeneic T-cells, HSCT, EU)

• Kymriah (CAR lentivirus vector-treated autologous T-cells, leukemia, US)

• Yescarta (CAR retrovirus vector-treated autologous T-cells, leukemia, US)

• Zynteglo (lentivector βA-T87Q-globin-treated autologous CD34+ cells, β-thalassemia, EU)

https://bit.ly/2Kf9OWo 

https://bit.ly/2Kf9OWo


We need treatments, loads of them!

(http://www.nhs.uk/conditions/pregnancy-and-baby/pages/newborn-blood-spot-test.aspx) 

Limited therapeutics: Number of Rare Diseases versus Number of Diseases screened for in newborns

http://www.nhs.uk/conditions/pregnancy-and-baby/pages/newborn-blood-spot-test.aspx


Genomics leads …

(https://www.genomicsengland.co.uk)

(Sanger Institute, Genome Research Limited )



The government 2020 strategy: Genome UK

(https://www.gov.uk/government/publications/genome-uk-the-future-of-healthcare) 

https://www.gov.uk/government/publications/genome-uk-the-future-of-healthcare


The government 2021 Rare Diseases Framework

(https://www.gov.uk/government/publications/uk-rare-diseases-framework ) 

https://www.gov.uk/government/publications/uk-rare-diseases-framework


Spinal muscular atrophy

• Group of autosomal recessive neuromuscular disorders
• Motor neuron degeneration (but many tissues affected)
• Symmetrical muscular degeneration and atrophy
• Four types depending on age of onset,
  maximum muscular activity and survival
• Second to cystic fibrosis in Caucasians:
  1:10,000 live births, 1:50 carriers
• Most common genetic cause of death in childhood

• Mutations in SMN1, 5q12.2-q13.3
• Modified by SMN2 (and others)

• Widely expressed gene



Disease modifiers:
• Number of SMN2 copies
• Plastin 3 (stabilises filamentous actin)
• Others

SMA presents with varying severity



SMA presents with varying severity

(Bowerman et al. Disease Models & Mechanisms (2017) 10, 943-954 doi:10.1242/dmm.030148)



(Bowerman et al. Disease Models & Mechanisms (2017) 10, 943-954 
doi:10.1242/dmm.030148)

Motor neuron degeneration in SMA

Loss of  function of the 
ubiquitous protein SMN has major 
effect on α-motor neurons.



Chromosomal location of SMN genes

SMA is caused by loss of function of SMN protein (survival of motor neuron)

Two nearly identical genes produce SMN protein: 
• SMN1, telomeric copy
• SMN2, centromeric copy (inverted intrachromosomal duplication of SMN1)



Genetic basis of spinal muscular atrophy



Nusinersen (Spinraza) and Spinal muscular atrophy

(Chiriboga et al. Neurology. 2016 Mar 8; 86(10): 890–897)



Nusinersen (Spinraza) antisense oligonucleotide for Spinal muscular 
atrophy

Nusinersen is a modified antisense oligonucleotide, where the 2’-hydroxy groups 
of the ribofuranosyl rings are replaced with 2’-O-2-methoxyethyl groups and the 
phosphate linkages are replaced with phosphorothioate linkages 



Effect of nusinersen (SpinrazaTM) in infantile-onset SMA

Finkel et al NEJM 2017 https://www.nejm.org/doi/10.1056/NEJMoa1702752 

Hammersmith Infant Neurological Examination (HINE-2) scores

https://www.nejm.org/doi/10.1056/NEJMoa1702752


Effect of nusinersen (SpinrazaTM) in infantile-onset SMA

Finkel et al NEJM 2017 https://www.nejm.org/doi/10.1056/NEJMoa1702752 

Event-free survival

Overall survival

https://www.nejm.org/doi/10.1056/NEJMoa1702752


Nusinersen-treated Spinal muscular atrophy



Comparison of viral vectors

http://www.genetherapynet.com/viral-vectors.html, with modifications 

Dividing and 

non-dividing 

cells

Dividing and 

non-dividing 

cells

Dividing and 

non-dividing 

cells

Dividing and 

non-dividing 

cells

Dividing (RV 

and LV) and 

non-dividing 

cells (LV)

Dividing and 

non-dividing 

cells

http://www.genetherapynet.com/viral-vectors.html


AAV9-CAG-hSMN1 (Zolgensma) for Spinal muscular atrophy

http://investors.avexis.com/phoenix.zhtml?c=254285&p=irol-

SECText&TEXT=aHR0cDovL2FwaS50ZW5rd2l6YXJkLmNvbS9maWxpbmcueG1sP2lwYWdlPTExNTQzMzA2JkRTRVE9MCZTRVE9MCZ

TUURFU0M9U0VDVElPTl9FTlRJUkUmc3Vic2lkPTU3 

http://investors.avexis.com/phoenix.zhtml?c=254285&p=irol-SECText&TEXT=aHR0cDovL2FwaS50ZW5rd2l6YXJkLmNvbS9maWxpbmcueG1sP2lwYWdlPTExNTQzMzA2JkRTRVE9MCZTRVE9MCZTUURFU0M9U0VDVElPTl9FTlRJUkUmc3Vic2lkPTU3
http://investors.avexis.com/phoenix.zhtml?c=254285&p=irol-SECText&TEXT=aHR0cDovL2FwaS50ZW5rd2l6YXJkLmNvbS9maWxpbmcueG1sP2lwYWdlPTExNTQzMzA2JkRTRVE9MCZTRVE9MCZTUURFU0M9U0VDVElPTl9FTlRJUkUmc3Vic2lkPTU3
http://investors.avexis.com/phoenix.zhtml?c=254285&p=irol-SECText&TEXT=aHR0cDovL2FwaS50ZW5rd2l6YXJkLmNvbS9maWxpbmcueG1sP2lwYWdlPTExNTQzMzA2JkRTRVE9MCZTRVE9MCZTUURFU0M9U0VDVElPTl9FTlRJUkUmc3Vic2lkPTU3


AAV9-CAG-hSMN1 (Zolgensma) for Spinal muscular atrophy

Mendell et al., NEJM 377, 1713-1722 (2017) https://www.nejm.org/doi/full/10.1056/NEJMoa1706198 

Survival Free from 

Permanent Ventilation in 

the 15 Study Patients. The 

3 patients in cohort 1 

received a single 

intravenous low dose of 

AAV vector containing DNA 

coding for SMN (6.7×1013 

vg per kilogram), and the 

12 patients in cohort 2 

received a high dose 

(2.0×1014 vg per kilogram). 

Stars indicate the 

completion of the ongoing 

2-year safety follow-up. 

Percentages of control 

patients who were event-

free in a historical study 

are provided at the bottom 

of the, as indicated by the 

vertical green lines. At 20 

months, only 8% of the 

patients with this disease 

typically survive without 

permanent ventilation.

https://www.nejm.org/doi/full/10.1056/NEJMoa1706198


AAV9-CAG-hSMN1 (Zolgensma) for Spinal muscular atrophy

Mendell et al., NEJM 377, 1713-1722 (2017) https://www.nejm.org/doi/full/10.1056/NEJMoa1706198 

Motor Function after Gene Therapy. Changes in the score for motor function on the CHOP INTEND 

(Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders) scale among the 3 

patients in cohort 1 (Panel A) and the 12 patients in cohort 2 (Panel B). The scale ranges from 0 to 

64, with higher scores indicating better motor function; historical controls with spinal muscular 

atrophy type 1 never reach 40 points (indicated by the black dashed line). The dashed lines on the 

individual patient curves indicate either a missed assessment or a partial assessment because of 

illness, lack of cooperation, or fatigue of the patient; such data were not included in the analyses.

https://www.nejm.org/doi/full/10.1056/NEJMoa1706198


AAV9-CAG-hSMN1 (Zolgensma) for Spinal muscular atrophy

Mendell et al., NEJM 377, 1713-1722 (2017) https://www.nejm.org/doi/full/10.1056/NEJMoa1706198 

https://www.nejm.org/doi/full/10.1056/NEJMoa1706198


Spinraza: Intrathecal, £75,000/dose (£450,000 first year, £225,000 thereafter)

NICE: For people with pre-symptomatic SMA, or SMA types 1, 2 or 3

if the conditions in the managed access agreement are followed.

Zolgensma: Intravascular, £1,700,000 (one-off)
Most expensive medicine ever

NICE: For babies aged up to 12 months with type 1 SMA

Risdiplam (Evrysdi): Oral, $340,000 per year

Approved by FDA, Recommended for approval by EMA
(EMA approval will apply to Northern Ireland)

The problems with access to the market



Join the genomic medicine revolution!



Thank you !

X X



Q&A

Please add any question you have into the Q&A box

Please fill in feedback survey, your input is really valuable to us

Upcoming webinars, 

ATMPs on the horizon

4pm 22nd March, Joanne McEntee (Senior medicines information pharmacist, North West 

Medicines Information Centre)

Patient and public perspectives on advanced therapies

12pm, 24th March, Dr Lee Aiyegbusi, CPROR Deputy Director, University of Birmingham


	Slide 1: The unusual case of a rare disease, Spinal Muscular Atrophy
	Slide 2: Who are LAT and the ATTCs?
	Slide 3: The unusual case of a rare disease, spinal muscular atrophy
	Slide 4: What is he talking about???
	Slide 5: Why are Rare Diseases important?
	Slide 6: Why are Rare Diseases important?
	Slide 7: Genes store the info to make proteins
	Slide 8: What is gene therapy?
	Slide 9: Approved gene therapy products
	Slide 10: We need treatments, loads of them!
	Slide 11: Genomics leads …
	Slide 12: The government 2020 strategy: Genome UK
	Slide 13: The government 2021 Rare Diseases Framework
	Slide 14: Spinal muscular atrophy
	Slide 15: SMA presents with varying severity
	Slide 16: SMA presents with varying severity
	Slide 17: Motor neuron degeneration in SMA
	Slide 18: Chromosomal location of SMN genes
	Slide 19: Genetic basis of spinal muscular atrophy
	Slide 20: Nusinersen (Spinraza) and Spinal muscular atrophy
	Slide 21: Nusinersen (Spinraza) antisense oligonucleotide for Spinal muscular atrophy
	Slide 22: Effect of nusinersen (SpinrazaTM) in infantile-onset SMA
	Slide 23: Effect of nusinersen (SpinrazaTM) in infantile-onset SMA
	Slide 24: Nusinersen-treated Spinal muscular atrophy
	Slide 25: Comparison of viral vectors
	Slide 26: AAV9-CAG-hSMN1 (Zolgensma) for Spinal muscular atrophy
	Slide 27: AAV9-CAG-hSMN1 (Zolgensma) for Spinal muscular atrophy
	Slide 28: AAV9-CAG-hSMN1 (Zolgensma) for Spinal muscular atrophy
	Slide 29: AAV9-CAG-hSMN1 (Zolgensma) for Spinal muscular atrophy
	Slide 30: The problems with access to the market
	Slide 31: Join the genomic medicine revolution!
	Slide 32: Thank you !
	Slide 33: Q&A

