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Thalassemia
Thalassemia is an inherited blood disorder characterized by abnormal hemoglobin
production. It was found in the Mediterranean area in 1925.

2



High incidence in Guangdong, Guangxi and Guizhou……

Thalassemia: High incidence of hereditary diseases in the 
south of China

Carrier rate:
3%-24%
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Clinical Symptoms
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1. Transfusion;

2. Allogeneic hematopoietic-cell 
transplantation.
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Genetic Mechanism of Thalassemia
1. α-thalassemia

2. β-thalassemia

Cornelis L. Harteveld, Blood Cells, Molecules and Diseases 2017 
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2018

2010

Gene Therapy with LentiGlobin by Bluebird Bio

A clinical approval for the gene therapy might come in 2019 ?!

Emmanuel Payen et al. HUMAN GENE THERAPY 2016



Gene Editing
1. Science: Breakthrough of the Year 2012 （TALEN）

2. Science: Breakthrough of the Year 2013 （CRISPR/Cas9）
3. Nature: Ten people who mattered this year 2013（Feng Zhang）

4. Nature: Ten people who mattered this year 2015（Junjiu Huang）
5. Science: Breakthrough of the Year 2015  (CRISPR/Cas9)
6. Nature: The science events that shaped 2015  (CRISPR/Cas9)

7. Nature: Ten people who mattered this year 2017（David Liu）
8. Science: Breakthrough of the Year 2017  (Pinpoint gene editing)
9. Nature: The science events that shaped 2017  (Human embryo editing)
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Treat β-thalassemia with Gene Editing in HSC

Cornelis L. Harteveld, Blood Cells, Molecules and Diseases 2017 8



Fix β-thalassemia in Somatic Cells
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2016：

2018：
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A zygote develops to a complex human body, which is made of 60 trillion cells.

10

How to Get a Healthy Baby for Patients?
Inherited Mutations

• 25% Healthy Offspring
• 50% Carriers or Patients
• 25%  Patients

Carriers 
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Screen Genes, Pick up Healthy Embryos！

Can We Repair or Block Inherited Mutations 
in Human Embryo ???

Preimplantation Genetic Testing (PGT) : PGD and PGS
Third Generation Test-tube Baby Technology

IVF Center in First 
Affiliated Hospital 
found in 1989.

Using PGT to help β-thalassemia/DMD patients since 2000. 



Model Mouse Research Center, 
Sun Yat-sen University

Gene knock out/in mice; 
Conditional knock out mice
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Nat Commun. 2018
Protein Cell 2017
Molecular Cell 2016 
Scientific Reports 2016 
Plos ONE 2015 
Cell Research 2011 
Aging Cell 2009 
Stem Cells 2008 

2004

2010



Correction of a Gene Mutation 
in Mouse Zygote
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2013：

What Risks in Fixing β-thalassemia 
in Human Embryo with CRISPR/Cas9 ?



CRISPR/Cas9-mediated editing of HBB gene in human 
cells
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2014：
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CRISPR/Cas9-mediated editing of HBB gene
in human tripronuclear zygotes

Unexpected repairs
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CRISPR/Cas9 has off-target effect 
in human tripronuclear embryos
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The world’s first report of
human embryos altered by Gene Editing.

1）NHEJ (nonhomologous end joining); 
2）Mosaicism；
3) Off-target mutations;
4）Using endogenous genes as templates;

Risks!!!

2015：
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2017/08/02

2017：

Using the endogenous WT allele as a template
in normal human embryos
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Cytidine Base Editor(CBE)2016:
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Gene Modified Mouse Embryo
with Cytidine Base Editor

2017:
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Production of Homozygous F0 mouse with CBE

β-thalassemia:
Mostly caused by point mutations, there are more than 100 mutations in 

HBB gene.
Can we repair β-thalassemia 
in Human Embryo with CBE ?



22

β-thalassemia in Memorial Hospital, 
Sun Yat-sen University
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Correcting HBB −28 (A>G) mutation in human cell line.

BE3：
APOBEC–XTEN–dCas9(A840H)–UGI
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Precise repairing of HBB −28 (A>G) mutation
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Correcting −28 mutation in primary skin fibroblast cells of a 
β-thalassemia patient



26YEE = W90Y + R126E + R132E

Precise Editing a Single-base with YEE-BE32017:
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Effective HBB −28 (A>G) mutation repair 
in cloned human embryos by YEE-BE3

Cloned homozygous
HBB −28 (A>G) 
human embryos
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The world’s first report of
human embryos altered by Base Editor.

This first study was a successful proof of principle that the base-editing 
technique can be used to correct a disease mutation in a human embryo.

--Nature 2017 

2017:
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Adenosine Base Editor (ABE)
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Nicole m. Gaudelli et al. Nature 2017

To be continue……
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Human Genome Editing: Science, Ethics, and Governance

2017/02/14

2017:
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Thanks!
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