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Zebrafish: a new model for human disease 



Objectives 

1.  To describe zebrafish genetics and technology for 

biomedical research

2.  To demonstrate the use of zebrafish for biomedical 

research



Animal models in biomedical research 

Biomedical research depends on the use of animal models 
  

•  To understand the pathogenesis of human disease at a cellular 
and molecular level 

•  To develop and test new medications and therapies 



Mouse: Most widely used model of human disease 
 
•  Striking homology between mammalian genomes 
•  Similarity in basic anatomy, physiology and cell biology 

•  Sophisticated transgenic and gene knockout approaches 

 
 
 

Cons: cost, time, space 



    Fruit fly: invertebrate model system 
 

•  Functional conservation in basic cell biological processes 

between mammals and invertebrates 
•  Disruption of conserved cellular processes in mice can be 

accurately modeled in fly 



Pax6  ---  A “master” transcription factor 
essential for eye development 

A. Gene expression during 
lens development 

B. Molecular events 
 



Loss of eyes in Mexican cave 
fish (mutation in pax6 gene) 

Disruption of conserved cellular processes in vertebrates 
can be accurately modeled in fly 

 



    Fruit fly: invertebrate model system 

Cons: not vertebrate 

•  Inexpensive, Small 
•  Large-scale “forward-genetic” 

mutagenic screens provide insight 
into how orthologous human 

disease genes function in similar 

processes 
 

Body size 
Pattern formation (wing) 



Zebrafish: an alternate vertebrate model  
organism to study human disease 

 

1.  Vertebrate 
 
Significant of developmental 
similarities --- 
 
•  Morphological conservation 

•  Molecular conservation 

 



1.  Morphological 
conservation 

2.  Molecular 
conservation 

fish 

sala 
mander 

tortoise 
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human 

fish 
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zebrafish headless (hdl, 
tcf3) mutants 

dkk1 knockout mouse  

Molecular conservation:  
Forebrain formation regulated by Wnt signaling 

Top flash Wnt 
reporter mouse 



Zebrafish: an alternate vertebrate model  
organism to study human disease 

 

1.  Vertebrate 
2.  Small size, many fish in a small space 

3.  Relatively low maintenance cost 

> 24 fish per 3L tank

> 5 mice per 3L cage



Zebrafish: an alternate vertebrate model  
organism to study human disease 

 

1.  Vertebrate 

2.  Small size, many fish in a small space 

3.  Low maintenance cost 

4.  Study of embryonic development 

external development, rapid development 
 

18 hours post fertilization 



Zebrafish: an alternate vertebrate model  
organism to study human disease 

 

1.  Vertebrate 

2.  Small size, many fish in a small space 

3.  Low maintenance cost 

4.  Study of embryonic development 

5.  Large-scale “forward-genetic” screens  

6.  Large-scale “chemical” screens 

Zebrafish are not 
just aquatic mice! 

+ = 



What is zebrafish, Danio rerio? 
Blue-purple horizontal stripes run from gill to tail, zebra fish 

Parichy, DM. Heredity (2006)  

Order: Cypriniformes 
Family: Cyprinidae  
Genus: Danio 



Zebrafish Fact Sheets 

•  Small tropical fresh-water fish 
•  Average length of adult zebrafish is 1-2.5 inch 
•  Live in rivers of northern India, Pakistan and Nepal 
•  Adapt to a broad range of temperature from 42˚F to 100˚F 
•  Rapid development 

--- all major organs are formed in 24 h after fertilization 
--- hatch and eat food within 3 days 
--- sexually mature in 3 months 

•  A single female can lay up to 200 eggs 
•  25 chromosomes, 1.5 billion base pairs 
•  Zebrafish genome sequence assembly was released in 2002 



Male or Female? 

Color --- Female fish are blue and white  
               Male fish are pink and yellow 
 
Body shape --- Female fish are more rounded  
                          Male fish are slender  



1.  Place male and female fish 
in a breeding tank 

2.  Spawning only occurs within 
2-3 hours after the light 
comes on 

3.  Male fish chases female, 
stimulates female to spawn 
eggs and fertilizes eggs 

4.  Collect eggs in a petri dish 

5.  Raise embryos at 28C 

How to obtain zebrafish embryos? 
 
   



Development of zebrafish embryos 



1.  Loss of function --- 
a) Transient gene knockdown  
b) Generation of mutant zebrafish 

2.  Gain of function --- 
a) Transient mRNA overexpression 
b) Generation of transgenic zebrafish 

3.  Drug treatment 
a) Inhibitors 
b) Activators 

How to generate zebrafish disease models 



c-kit/kit ligand signaling pathway 

c-kit 
KO 
mice 



Melanophore --- black 
pigment cells 

 
Xanthophore --- yellow 

pigment cells 
 
Iridophores --- Silver 

pigment cells 

Manipulation of gene expression  
in pigment cell development 



Transient gene knockdown --- morpholinos 

morpholino 

•  Morpholino oligos: antisense oligonucleotides  
•  Morpholino oligos bind to complementary sequences of mRNA 

by standard nucleic acid base-paring 
•  It blocks initiation of mRNA translation or mRNA splicing 

ASE 
(A,T,G,C) 

20-25 base 



Transient Gene overexpression --- mRNA 

•  In vitro synthesized 5 Gppp-capped and polyA-tagged mRNA 
•  Inject into 1-2 cell stage embryos 



Loss of function ---  
kit ligand morpholino injection 

Gain of function ---  
overexpression of kit ligand 

c-kit/kit ligand signaling pathway in zebrafish 
melanocyte development 

Hyperpigmentation Hypopigmentation 



Generation of zebrafish mutants 

•  TAL (transcription activator like) effectors --- transcription activators 
secreted by plant bacteria Zanthomonas 

•  DNA binding domain of TALEs are composed of an array of modules that 
can recognize a single DNA base  

•  Possible to engineer TALEs that specifically bind to a desired DNA 
sequence 

•  Engineered TAL effectors are fused to the cleavage domain of FokI 
nuclease (TALENs) 

•  TALENs function as a site-specific endonuclease cleaving the target 
sequence in genome 



•  Sequence insertion or deletion occurs during the process of repairing 
the DNA double-strand break  

•  It results in frame-shift or premature termination of translation products 

TALEN-mediated Genome engineering 



Forward vs Reverse genetics 

•  A way forward to understand protein/gene function 

Poorly understood biological phenomenon 

Induce random germline mutations 

Screen for animals with phenotypic change 

Identify the mutation, and prove importance 
of the gene to the phenomenon 



Large-scale ENU mutagenesis screens 

•  ENU (N-Ethyl-N-Nitrosourea) mutagenesis 
is a widely accepted and proven method to 
induce random point mutations 

 

•  It induces typically C T base transversion   
G   A  



Missense 
mutation 

Nonsense 
mutation 

truncation 

Substitution 
of amino acid 

Protein 
malfunction 



Large-scale ENU mutagenesis screens 

Random mutagenesis using ENU is the preferred method in forward 
genetic approach in zebrafish 

Mutation in gene A Mutation in gene B 

Sperm 
genome DNA 
is mutated 

Mutation 
in gene A 

Mutation 
in gene A 

Mutation 
in gene A 



Large-scale ENU mutagenesis 
screens in Boston and 
Tubingen (1996) 



See-Through  Zebrafish to study metastasis 

nacre: lack of melanophores (black), 
mutation in mitfa 

 
roy:  lack of iridophores (silver), 

responsible gene is unknown 

White et al., Cell Stem Cell (2007) 

Melanoma metastasis 



1.  Loss of function --- 
a) Transient gene knockdown  
b) Generation of mutant zebrafish 

2.  Gain of function --- 
a) Transient mRNA overexpression 
b) Generation of transgenic zebrafish 

3.  Drug treatment 
a) Inhibitors 
b) Activators 

How to generate zebrafish disease models 



Activate or inhibit protein function by drug 
treatment 

Yu et al., Nature Chem Biol., (2008)



control 

MoTP 

Tyrosinase 

Melanin synthesis 
pathway 

MoTP --- Inhibitor of Tyrosinase    
         (melanin synthesizing enzyme) 

Drug treatment  



Objectives 

1.  To describe zebrafish genetics and technology for 

biomedical research

2.  To demonstrate the use of zebrafish for 

biomedical research



Zebrafish: a model for human disease 

Graham et al.,  
Nat  Rev Genetics 
(2007) 



Zebrafish: a model for human disease 

Graham et al., Nat  Rev Genetics (2007) 



2. Zebrafish: a model for human disease 

I.  Carcinogenesis 
T cell lineage acute lymphoblastic leukemia 
 

II.  Regeneration study 
Heart  

III.  Personalized medicine 
 



1. Zebrafish carcinogenesis 

•  Zebrafish develop malignant tumors spontaneously and in 
response to mutagens 

•  Could be increased on genetically unstable background 
(eg. Loss of tumor suppressor genes such as p53) 
 
 i)  Zebrafish T-ALL model 

 Tg[rag2:mouse-c-Myc] 
 Tg[rag2:zebrafish-bcl2] 
 Tg[xenopus-E1a:human-ETV6-Runx1 synonym Tel-AML1] 
 Tg[rag2:human-Notch1] 

 
  



T cell lineage acute lymphoblastic 
leukemia (T-ALL) 

•  High expression of T-
cell oncogenes 

•  Altered normal 
mechanisms that 
control cell proliferation 
and differentiation 
during T-lymphocyte 
development 



T cell lineage acute lymphoblastic leukemia (T-ALL) 

•  Aggressive hematologic tumors resulting from malignant 
transformation of T-cell progenitors 

•  10-15% of pediatric and 25% of adult ALL cases 
•  Chromosomal translocations of T-cell oncogenes  

 

Haematologica. 2009 February; 94(2) 



Generation of transgenic zebrafish 

•  Insert cDNAs encoding 
proteins of interest 
downstream of promoter 
(ubiquitous, inducible or 
tissue-specific) 

•  Inject 1-cell stage embryos 
with tol2 transposase mRNA 

•  DNA will be integrated to the 
genomic DNA 

•  Raise them and screen the 
germ cell integration  



Zebrafish T-ALL model, Tg[rag2:c-Myc]  

Rag2:   
•  V(D)J recombination-activation protein 2 
•  Required for chromosomal rearrangement of T-cell 

antigen receptors 
 
 

 
Langenau et al., PNAS (2005) control-gfp fish Tg[rag2:egfp-mMyc]  



Chemical screens using T-ALL zebrafish 
 
Rag2:myc-egf zebrafish larvae 

 
Pooled chemical library 

Compound A 
 – weak GFP signal 

Compound B   
 – strong GFP signal 



Zebrafish 

Mice 

LDK 



2. Zebrafish: a model for human disease 

I.  Carcinogenesis 
T cell lineage acute lymphoblastic leukemia 
 

II.  Regeneration study 
Heart  

III.  Personalized medicine 
 



2. Regeneration model using zebrafish 

How and why does tissue 
regeneration occur in fish 
but not in human? 
 
The answers will have 
the potential to develop 
therapeutic protocols to 
cure organ damages in 
human 

1. Fin 

2. Spinal nerve 

3. Sensory hair cells 



Heart failure and heart regeneration 

•  Heart failure is one of the key causes of morbidity and mortality 
around the world  

•  The underlying cause is the loss of functional myocardium 
•  Mammalian hearts do not regenerate 
•  Available medical therapies CAN NOT reverse the loss of functional 

myocardium 

•  The only available cure is 
heart transplantation 

•  On the other hand, 
zebrafish heart 
regenerate!! 

 



Heidi et al., Plos Biol., 
(2007)

Heart @48 hpf 

Identification of small molecules that promote 
cardiomyocyte proliferation 

Cardionogen (CDNG)-1,-2,-3 

Terri et al., Chemistry & Biology, (2011)



Elucidating the 
molecular 
mechanism of 
zebrafish heart 
regeneration may 
provide insight into 
potential therapeutic 
approaches for 
human heart injury 

http://www.hhmi.org/biointeractive/stemcells/zebrafish_regen.html 



The mechanism of zebrafish heart regeneration 

Analyze changes in gene expression during heart regeneration 

a very large set of 
oligonucleotides that 
represent individual genes 
are attached to a solid 
support,  

No injury 

No 
change Induced 

by injury 

+ injury 

Suppressed 
by injury 



Factors that regulate heart regeneration 



2. Zebrafish: a model for human disease 

I.  Carcinogenesis 
T cell lineage acute lymphoblastic leukemia 
 

II.  Regeneration study 
Heart  

III.  Personalized medicine 
 



HuZOR  
“Humanized Zebrafish Orthologous Rescue” 



A major challenge of personalized medicine  

 
•  Personalized medication – the use of genomic information to 

customize health management 
•  Every human has several thousand sequence variants that alter 

coding sequences 
•  It aims to help select the proper medication and dosages 
•  It might be used to assess a patient’s risk factor for a number of 

diseases 

•  There is a need for in vivo experimental approaches to assess the 
functional significance of individual mutations 



Hypomorphic 
polymorphism 
SLC24A5 (A111T) is 
linked to lighter skin 
color in Europeans 

Slc24a5(A111T) mRNA 
injection failed to rescue 
pigmentation defects  

Na/K/Ca exchanger 



The zebrafish model offers a major opportunity to 
discover important pathways underlying human 
disease and to identify novel therapies in high-
throughput drug screens, in a way that mice never 
could  

http://www.devbio.biology.gatech.edu/?page_id=6534 
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