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Demyelination is the pathological process by which myelin 
sheaths are lost from around axons, and is usually caused 
by a direct insult targeted at the oligodendrocytes in the 
vertebrate central nervous system (CNS). A demyelinated 
CNS is usually remyelinated by a population of oligoden-
drocyte progenitor cells, which are widely distributed 
throughout the adult CNS. However, myelin disruption and 
remyelination failure affect the normal function of the 
nervous system, causing human diseases such as mul-
tiple sclerosis. In spite of numerous studies aimed at un-
derstanding the remyelination process, many questions 
still remain unanswered. Therefore, to study remyelination 
mechanisms in vivo, a demyelination animal model was 
generated using a transgenic zebrafish system in which 
oligodendrocytes are conditionally ablated in the larval 
and adult CNS. In this transgenic system, bacterial nitrore-
ductase enzyme (NTR), which converts the prodrug me-
tronidazole (Mtz) into a cytotoxic DNA cross-linking agent, 
is expressed in oligodendrocyte lineage cells under the 
control of the mbp and sox10 promoter. Exposure of 
transgenic zebrafish to Mtz-containing media resulted in 
rapid ablation of oligodendrocytes and CNS demyelination 
within 48 h, but removal of Mtz medium led to efficient 
remyelination of the demyelinated CNS within 7 days. In 
addition, the demyelination and remyelination processes 
could be easily observed in living transgenic zebrafish by 
detecting the fluorescent protein, mCherry, indicating that 
this transgenic system can be used as a valuable animal 
model to study the remyelination process in vivo, and to 
conduct high-throughput primary screens for new drugs 
that facilitate remyelination. 
 
 
INTRODUCTION 
 
Myelin, a lipid-rich multilamellar membrane generated by oligo-
dendrocytes in the central nervous system (CNS) and by 
Schwann cells in the peripheral nervous system (PNS), pro-

vides electrical insulation by enwrapping the axon in segments 
that are separated by nodes of Ranvier. The myelin sheath 
ensures that membrane depolarization can only occur at the 
nodes, allowing the fast, saltatory movement of nerve impulses 
in myelinated axons compared with that in unmyelinated axons 
(Giuliodori and DiCarlo, 2004). Oligodendrocytes are the myeli-
nating glial cells of the CNS and are generated from the pre-
cursors in the pMN domain of the ventral spinal cord after mo-
tor neuron development (Lu et al., 2002; Park et al., 2002a; 
Zhou and Anderson, 2002). The pMN precursors produce mi-
gratory oligodendrocyte progenitor cells (OPCs), which travel 
laterally and dorsally to populate the developing CNS before 
differentiating into myelin-forming oligodendrocytes (Rowitch, 
2004). The importance of myelination for nervous system func-
tion is underscored by a number of pathological consequences 
of demyelinating conditions in humans, such as multiple sclero-
sis (MS) and hereditary myelin diseases (Franklin and Ffrench-
Constant, 2008; Scherer and Wrabetz, 2008).  

Demyelination is the pathological process by which myelin 
sheaths are lost from around axons, and it is usually caused by 
a direct insult targeted at oligodendrocytes. Demyelination af-
fects the normal function of neurons in the CNS; thus the de-
myelinated CNS is usually remyelinated by a population of 
OPCs, which are widely distributed throughout the adult CNS 
(Franklin and Ffrench-Constant, 2008; Patel and Klein, 2011). 
However, myelin disruption and remyelination failure affects the 
normal function of the nervous system, causing primary demye-
lination diseases such as MS (Franklin and Ffrench-Constant, 
2008; Scherer and Wrabetz, 2008). Although considerable 
progress has been achieved in understanding the remyelination 
process in the demyelinated CNS using several animal models 
of chemically induced demyelination, it is still unclear why en-
dogenous repair mechanisms fail to remyelinate axons in pa-
tients with demyelination diseases.  

The zebrafish provides a powerful model system for investi-
gating oligodendrocyte development due to the rapid external 
development and transparency of the embryos (Kim et al., 
2011). Previously, we generated Tg(mbp:egfp) transgenic ze- 

 

Molecules

and

Cells
http://molcells.org

  Established in 1990 



Generation of Demyelination Model 
Ah-Young Chung et al. 

 

 

http://molcells.org  Mol. Cells  83 

 

 

brafish, which express EGFP in mature oligodendrocytes under 
the control of the mbp promoter, and demonstrated that this 
transgenic fish is a valuable animal model for studying the mye-
lination process by visualization of oligodendrocytes and myelin 
sheaths in the embryonic and adult CNS (Jung et al., 2010). 
Here, to investigate remyelination mechanisms in vivo, we gen-
erated an animal model of demyelination using a transgenic 
zebrafish system in which a bacterial cytotoxin gene is ex-
pressed in oligodendrocytes under the control of the mbp and 
sox10 promoters. To conditionally ablate oligodendrocytes, we 
used the bacterial gene, nfsB, which encodes a nitroreductase 
(NTR) enzyme that can convert prodrugs such as metronida-
zole (Mtz) into cytotoxins (Curado et al., 2007; Pisharath et al., 
2007). Exposure of transgenic zebrafish, which express nfsB 
fused with mCherry specifically in oligodendrocyte lineage cells, 
to Mtz-containing medium resulted in rapid ablation of oligo-
dendrocytes and demyelination of the CNS in both larvae and 
adults. Efficient remyelination of the demyelinated CNS was 
observed 7 days after the removal of Mtz-containing media. In 
addition, we were able to observe the demyelination and re-
myelination processes in vivo in live fishes by detecting mCher-
ry fluorescence in oligodendrocytes and their myelin sheaths, 
indicating that our transgenic system is a valuable animal mod-
el for studying the remyelination process in vivo. 
 
MATERIALS AND METHODS 

 

Animals 
The zebrafish embryos used in this study were Tg(mbp:egfp) 
(Jung et al., 2010), Tg(sox10:egfp) (Carney et al., 2006), Tg(uas: 
nfsB-mCherry) (Davison et al., 2007), and Tg(uas:egfp) (Asaka-
wa et al., 2008) and raised at 28.5°C in egg water or embryo 
medium (EM; 15 mM NaCl, 0.5 mM KCl, 1 mM CaCl2, 1 mM 
MgSO4, 0.15 mM KH2PO4, 0.05 mM NH2PO4, 0.7 mM NaHCO3). 
Embryos were staged according to “days post-fertilization” (dpf), 
hours post-fertilization (hpf)” and morphological criteria (Kimmel 
et al., 1995).  
 

Plasmid construction and generation of transgenic lines 
To produce Tg(mbp:gal4-vp16) and Tg(sox10:gal4-vp16) fish, a 
5′-entry clone was used for the mbp promoter (Jung et al., 
2010) and sox10 promoter (Carney et al., 2006), a middle-entry 
clone was used for gal4-vp16, and a 3′-entry clone was used 
for poly A using the BP reaction of the Gateway system (Invi-
trogen). Next, the LR reaction was performed with mbp/sox10-
5′-entry, gal4-vp16-middle entry and poly A-3′-entry clones to 
generate mbp:gal4-vp16 DNA and sox10:gal4-vp16 DNA using 
LR II clonase (Invitrogen). To generate transgenic zebrafish, 
fertilized eggs were injected with 1 nl of a mixture containing 25 
ng/ul of the mbp/sox10- gal4-vp16 DNA and 25 ng/ul of the 
transposase mRNA (Kotani et al., 2006).  
 
Metronidazole treatment 
Metronidazole (Mtz, M1547, Sigma) was dissolved in EM con-
taining 0.2% DMSO to 10 mM by vigorous agitation. For the 
ablation of oligodendrocytes, Tg(mbp:gal4-vp16;uas:nfsB-mche- 
rry) larvae were incubated in 10 mM Mtz for 48 hrs starting at 5 
dpf, and Tg(sox10:gal4-vp16;uas:nfsB-mcherry) larvae were 
incubated in 5 mM Mtz for 12 h starting at 5 dpf. To stop the 
treatment, transgenic larvae were rinsed at least three times in 
EM. Adult Tg(mbp:gal4-vp16;uas:nfsB-mCherry) fishes were 
placed in 1-liter water containing 5 mM Mtz diluted from a 10 
mM stock. Fishes were maintained in a black chamber to avoid 
photodegradation of Mtz. 

TUNEL assay 
Embryos grown to 7 dpf development stages were fixed with 
4% paraformaldehyde overnight and dehydrated in methanol, 
followed by a 5-min incubation in acetone at -20°C and 10-min 
rinse in PBST (PBS, 0.2% Triton X-100, Sigma) for further 
permeability. Embryos were then subjected to a TUNEL assay 
using In Situ Cell Death Detection Kit (Roche) according to the 
manufacturer’s instructions. 
  
Immunohistochemistry 
Embryos were anesthetized until movement ceased and fixed 
in 4% paraformaldehyde overnight. Fixed embryos were em-
bedded in 1.5% agar blocks containing 5% sucrose and equili-
brated in a 30% sucrose solution. Frozen blocks were sliced 
into 10-μm sections using a cryostat microtome and mounted 
on glass slides. For immunohistochemistry, we used following 
primary antibodies: a rabbit anti-Sox10 (1:250) (Park et al., 2005), 
a rabbit anti-GFP (1:500, Abcam), and mouse anti-HuC/D 
(16A11, 1:20, Molecular Probes). For fluorescent detection of 
antibody labeling, Alexa Fluor 568-conjugated goat anti-mouse 
IgG, Alexa Fluor 568-conjugated goat anti-rabbit IgG, and 
Alexa Fluor 488-conjugated goat anti-rabbit IgG (1:500, Mole-
cular Probes) were used. 
 
RESULTS 

 
Expression of nfsB-mCherry in oligodendrocyte lineage  
cells using Gal4/UAS transgenic systems  
To drive expression of the nfsB-mCherry fusion protein in oli-
godendrocyte lineage cells, we used two different oligodendro-
cyte lineage-specific promoters, mbp and sox10. MBP is the 
second most abundant protein in CNS myelin (Boggs, 2006), 
and we previously showed that Tg(mbp:egfp) zebrafish, which 
express EGFP under the control of the mbp promoter, display 
faithful EGFP expression in mature oligodendrocytes in the 
embryonic and adult CNS (Jung et al., 2010). Sox10 is a widely 
used marker for oligodendrocyte lineage cells, including OPCs 
and mature oligodendrocytes, in zebrafish (Park et al., 2002b; 
2005), and Tg(sox10:egfp) embryos that express EGFP under 
the control of the sox10 promoter drive EGFP expression in 
neural crest and oligodendrocyte lineage cells in zebrafish (Carney 
et al., 2006; Chung et al., 2011). We generated Tg(mbp:gal4-
vp16) and Tg(sox10: gal4-vp16) to drive Gal4-VP16 transacti-
vator expression in oligodendrocyte lineage cells, and crossed 
them with Tg(uas:nfsB-mcherry) (Davison et al., 2007) to gen-
erate Tg(mbp:gal4-vp16;uas:nfsB-mcherry) and Tg(sox10:gal4-
vp16;uas:nfsB-mcherry) zebrafish (Figs. 1A and 1C). Labeling 
with an anti-Sox10 antibody showed that nfsB-mCherry was 
specifically expressed in mature oligodendrocytes located in 
the white matter of the Tg(mbp:gal4-vp16;uas:nfsB-mcherry) 
spinal cord (Fig. 1B), and in OPCs and mature oligodendro-
cytes in the Tg(sox10:gal4-vp16; uas:nfsB-mcherry) spinal cord 
(Fig. 1D). However, as shown in a previous study (Carney et al., 
2006), nfsB-mCherry expression was also observed in the 
branchial arches in Tg(sox10:gal4-vp16; uas:nfsB-mcherry) lar-
vae (Fig. 1C, bracketed area). Together, these data indicate 
that the Gal4/UAS transgenic system with the mbp and sox10 
promoters successfully drives nfsB-mcherry transgene expres-
sion in oligodendrocyte lineage cells. 
 
Conditional ablation of oligodendrocytes leads to  
demyelination in the CNS 
To test the effectiveness of the NTR/Mtz system in inducing 
demyelination via drug-dependent ablation of oligodendrocyte 
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arrowheads indicate mature oligodendrocytes in the white matter of the spinal cord. (E) Quantification of the number of Sox10

+

 and NfsB-

mCherry
+

 oligodendrocyte lineage cells prior to Mtz treatment in the spinal cord sections of Tg(mbp/sox10:gal4-vp16;uas:nfsB-mcherry) larvae. 

Data were obtained from 10 sections from each of 4 transgenic larvae. Scale bar, 20 µm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
lineage cells, we crossed Tg(mbp/sox10:gal4-vp16) driver lines 
with Tg(uas:egfp) and Tg(uas:nfsB-mcherry) fishes and ex-
posed bitransgenic larvae to the prodrug, Mtz, at 5 dpf. In the 
absence of the nfsB gene, Mtz treatment does not induce oli-
godendrocyte ablation or demyelination in the spinal cord of 
Tg(mbp/sox10:gal4-vp16;uas:egfp) larvae; thus the oligoden-
drocytes and myelin sheaths of the large axons (marked by 
EGFP expression) in the spinal cord were normal (Figs. 2A and 
2D, arrows). Tg(mbp/sox10:gal4-vp16;uas:nfsB-mcherry) larvae 
treated with DMSO in the absence of Mtz also demonstrated 
normal oligodendrocyte numbers and myelin sheath formation 
in the spinal cord (Figs. 2B and 2E, arrows). However, expo-
sure of 5 dpf Tg(mbp/sox10:gal4-vp16;uas:nfsB-mcherry) lar-
vae to Mtz ablated most of the oligodendrocytes and resulted in 

complete demyelination in the spinal cord (Figs. 2C, 2F, and 
2J). Interestingly, incubation of Tg(mbp:gal4-vp16;uas:nfsB-
mcherry) larvae for 48 h in 10 mM Mtz ablated most of the oli-
godendrocytes (Fig. 2C), but a 12 h incubation in 5 mM Mtz 
was sufficient to ablate the oligodendrocytes in Tg(sox10:gal4-
vp16;uas:nfsB-mcherry) larvae (Fig. 2F). This indicates that the 
ablation efficiency is higher in Tg(sox10:gal4-vp16;uas:nfsB-
mcherry) larvae than in Tg(mbp:gal4-vp16;uas:nfsB-mcherry) 
larvae.  

We next tested for the presence of apoptotic cell death using 
the TUNEL assay. The spinal cord of Mtz-treated Tg(mbp:gal4-
vp16;uas:nfsB-mcherry) larvae demonstrated significantly in-
creased levels of apoptotic cell death, together with complete 
demyelination (Figs. 2H and 2J) compared with the DMSO-

Fig. 1. Generation of transgenic zebrafish expressing

the nfsB-mCherry transgene in oligodendrocyte li-

neage cells. (A, C) Lateral view of Tg(mbp:gal4-

vp16;uas:nfsB-mcherry) (A) and Tg(sox10:gal4-vp16;

uas:nfsB-mcherry) larvae (C) showing nfsB-mCherry

expression in oligodendrocyte lineage cells (anterior

to the left). The bracketed area indicates sox10:nfsB-

mCherry expression in cranial cartilage in (C). (B, D)

Transverse sections of the spinal cord of Tg(mbp:

gal4-vp16;uas:nfsB-mcherry) (B) and Tg(sox10:gal4-

vp16;uas:nfsB-mcherry) larvae (D) (dorsal at the top).

Anti-Sox10 antibody labeling revealed Sox10
+

/nfsB-

mCherry
+

 mature oligodendrocytes (arrowheads) and

Sox10
+

/nfsB-mCherry
-

 OPCs (arrows) (B) and Sox10
+

/

nfsB-mCherry
+

 OPCs and mature oligodendrocytes

(D). Arrows indicate OPCs in the gray matter, and

Fig. 2. Ablation of oligodendrocytes leads to demye-

lination of the CNS. All panels show transverse sec-

tions of the spinal cord (dorsal at the top). Spinal

cords of Tg(mbp:gal4-vp16;uas:egfp) (A) and Tg

(sox10:gal4-vp16;uas:egfp) (D) larvae treated with

Mtz, and Tg(mbp:gal4-vp16;uas:nfsB-mcherry) (B)

and Tg(sox10:gal4-vp16;uas:nfsB-mcherry) (E) lar-

vae treated with DMSO showed a normal number of

oligodendrocytes and myelin sheaths. The spinal

cords of Tg(mbp:gal4-vp16;uas:nfsB-mcherry) (C) and

Tg(sox10:gal4-vp16;uas:nfsB-mcherry) (F) larvae

treated with Mtz showed ablation of oligodendrocytes

and complete demyelination. (G-I) TUNEL staining of

spinal cord sections of Tg(mbp:gal4-vp16;uas:nfsB-

mcherry) larvae treated with DMSO (G) or Mtz (H-I)

for 48 h and recovered for 7 days after removal of

Mtz (I). The spinal cord is outlined by the dashed

circles. Arrows indicate the myelin sheaths, and ar-

rowheads indicate TUNEL
+

 cells in the spinal cord.

(J) Quantification of the number of NfsB-mCherry
+

oligodendrocyte lineage cells and TUNEL
+

 cells (***p

< 0.001) in the spinal cord sections of Tg(mbp/sox10:

gal4-vp16;uas:nfsB-mcherry) larvae treated with DMSO

and Mtz, respectively. Data were obtained from 10

sections from each of 4 transgenic larvae treated with

DMSO and Mtz. Scale bar, 20 µm. 
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nfsB-mcherry) larvae treated with DMSO and Mtz, respectively. Data were obtained from 10 sections from each of 4 transgenic larvae treated 

with DMSO and Mtz. Scale bar: 20 µm. 
 
 
 
treated control (Fig. 2G). Interestingly, raising the Tg(mbp:gal4-
vp16;uas:nfsB-mcherry) zebrafish for 7 days after removal of 
the Mtz-containing media resulted in the recovery of myelina-
tion, indicating that oligodendrocytes were successfully regene-
rated (Fig. 2I).  

We next tested whether NTR/Mtz-mediated ablation of oligo-
dendrocytes affects the survival of neighboring neurons in the 
spinal cord. In the spinal cord of Tg(mbp/sox10:gal4-vp16;uas: 
egfp) larvae treated with Mtz (Figs. 3A and 3D) and Tg(mbp/ 
sox10:gal4-vp16;uas:nfsB-mcherry) larvae treated with DMSO 
(Figs. 3B and 3E), post-mitotic neurons (marked by anti-Hu anti- 
body labeling)were visualized normally along with oligodendro-
cytes and the myelin sheath. Hu+ neurons in the spinal cord of 
Tg(mbp/sox10:gal4-vp16;uas:nfsB-mcherry) larvae treated with 
Mtz also appeared normal, although most oligodendrocytes 
were ablated (Figs. 3C, 3F, and 3G), indicating that oligoden-
drocyte-specific ablation by the NTR/Mtz system does not af-
fect neuronal survival. Together, these data indicate that oligo-
dendrocyte-specific expression of nfsB-mCherry by the Gal4/ 
UAS transgenic system causes drug-dependent ablation of 
oligodendrocytes and demyelination in the spinal cord of zebra-
fish larvae. 

Previously, we have shown that the mbp:egfp transgene is 
continuously expressed in mature oligodendrocytes within the 
CNS of adult Tg(mbp:egfp) zebrafish (Jung et al., 2010), indi-
cating that the mbp promoter continuously drives nfsB-mcherry 
transgene expression in the CNS of the adult Tg(mbp:gal4-
vp16;uas:nfsB-mcherry) zebrafish. Therefore, we next labeled 
transverse spinal cord sections from control and Mtz-treated 
adult Tg(mbp:gal4-vp16;uas:nfsB-mcherry) zebrafish with an 
anti-acetylated Tubulin antibody, which labels CNS axon fibers 
(Fig. 4). As shown in our previous study (Jung et al., 2010), the 
myelin sheath surrounding large-diameter axons was clearly 
observed in the ventral spinal cord of DMSO-treated adult 
Tg(mbp:gal4-vp16;uas:nfsB-mcherry) zebrafish (Fig. 4A, arrows). 
However, Mtz treatment of adult Tg(mbp:gal4-vp16;uas:nfsB-
mcherry) zebrafish resulted in axon demyelination, with only a 
few myelin sheaths observed in the ventral spinal cord (Fig. 4C). 
At high magnification, we observed thick myelin sheaths sur-
rounding axons in the ventral spinal cord of control zebrafish 
(Fig. 4B), but Mtz-treated zebrafish showed scattered debris 
from the myelin sheaths in the same region of the ventral spinal 
cord (Fig. 4D), indicating that NTR/Mtz system-mediated oligo- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Induction of demyelination in the spinal cord of adult trans-

genic zebrafish by Mtz treatment. All panels show transverse sec-

tions of the spinal cord of 3-month old Tg(mbp:gal4-vp16;uas:nfsB-

mcherry) adult fishes (dorsal at the top). Spinal cord sections of 

DMSO-treated (A, B) and Mtz-treated Tg(mbp:gal4-vp16;uas:nfsB-

mcherry) (C-F) adult fishes were labeled with anti-acetylated Tubu-

lin (ac-Tubulin) antibody to detect the axons (green color). (B, D, 

and F) High-magnification images of the boxed areas in (A), (C), 

and (E), respectively. (E, F) Spinal cord sections of Tg(mbp:gal4-

vp16;uas:nfsB-mcherry) adult fish treated with Mtz for 48 h and 

recovered for 2 weeks after removal of Mtz. Arrows indicate the 

myelin sheath. Scale bar: 100 µm in (A), (C), and (E), 25 µm in (B), 

(D), and (F). 

Fig. 3. Neurons are unaffected after the ablation of

oligodendrocytes. All panels show transverse sec-

tions of the spinal cord (dorsal at the top). Spinal

cords of Tg(mbp:gal4-vp16;uas:egfp) (A) and Tg(sox10:

gal4-vp16;uas:egfp) (D) larvae treated with Mtz and

Tg(mbp:gal4-vp16;uas:nfsB-mcherry) (B) and Tg

(sox10:gal4-vp16;uas:nfsB-mcherry) (E) larvae treated

with DMSO demonstrated normal myelin sheath

formation and neuronal numbers. Spinal cords of

Tg(mbp:gal4-vp16;uas:nfsB-mcherry) (C) and Tg

(sox10:gal4-vp16;uas:nfsB-mcherry) (F) larvae treated

with Mtz showed ablation of oligodendrocytes and

complete demyelination, but a normal number of

neurons. Arrows indicate the myelin sheath. (G)

Quantification of the number of Hu
+

 neurons in the

spinal cord sections of Tg(mbp/sox10:gal4-vp16;uas:
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dendrocyte ablation causes demyelination in the adult spinal 
cord. Interestingly, raising the adult Tg(mbp:gal4-vp16;uas: 
nfsB-mcherry) zebrafish for 2 weeks after removal of the Mtz-
containing media resulted in the partial recovery of myelination, 
indicating that oligodendrocytes were successfully regenerated 
in the adult zebrafish (Figs. 4E and 4F). Taken together, these 
data show that expression of the nfsB cytotoxin gene in oligo-
dendrocyte lineage cells using the Gal4/UAS transgenic system 
conditionally ablates oligodendrocytes and induces demyelina-
tion in the larval and adult zebrafish CNS upon Mtz treatment. 
 
DISCUSSION 

 
MS is a chronic, inflammatory demyelinating disease and is the 
most common neurological disorder in young adults in the 
Western hemisphere. Several chemically induced animal mod-
els of demyelination have been established and used to study 
the potential mechanisms of MS pathology and for the drug 
discovery process (Merrill, 2009). Cuprizone is the most com-
monly used chemical toxin to induce demyelination in animal 
models. Cuprizone is administered via the feed, and demyelina-
tion is evident in mice 3 weeks after starting a cuprizone diet. 
Remyelination occurs within 4 weeks of replacing the cuprizone 
diet with normal food (Matsushima and Morell, 2001). Ethidium 
bromide (EtBr) solutions can induce complete demyelination 
after 2 weeks, but must be administered by injecting it into spe-
cific regions of the CNS. Additionally, because EtBr is a DNA-
intercalating agent, EtBr treatment damages all nucleated cells 
around the injected area, causing unexpected cell death in non-
oligodendroglial cells (Merrill, 2009).  

In contrast to these chemically-induced models of demyelina-
tion, our own model, based on a genetically engineered trans-
genic zebrafish system, has several advantages. First, com-
pared with mouse models, both ablation of oligodendrocytes 
and demyelination are easy to observe because the mbp/ 
sox10-driven Gal4-VP16 transactivator induces NfsB cytotoxin 
expression together with that of the mCherry fluorescent protein. 
Thus, we can easily detect oligodendrocytes and myelin sheaths 
under a fluorescent microscope. Furthermore, the remyelination 
process can be easily detected by monitoring the recovery of 
fluorescence in the CNS. Second, demyelination can be in-
duced conditionally. Compared with animal models generated 
using a cuprizone diet or the injection of an EtBr solution, the 
simple exposure of bitransgenic zebrafish to Mtz-containing 
medium induces consistent oligodendrocyte ablation and de-
myelination. This advantage permits the generation of a large 
number of demyelination models, which is essential for the 
large-scale screening assays performed when searching for 
new drugs using libraries of small molecules. Finally, the pro-
cess of generating the demyelination and remyelination models 
is much faster using the transgenic zebrafish system. The 
transgenic zebrafish model requires only 12 h to 2 days to in-
duce demyelination, and 1 week for remyelination of the de-
myelinated CNS. However, in contrast to the rapid remyelina-
tion (within 1 week) observed in demyelinated Tg(mbp:gal4-
vp16;uas:nfsB-mcherry) larvae after removal of Mtz, the pro-
cess took longer in demyelinated Tg(sox10:gal4-vp16;uas: 
nfsB-mcherry) larvae; sometimes, Mtz treatment caused the 
unexpected death of the transgenic larvae. Since the sox10 
promoter drives nfsB-mCherry expression in cartilage cells as 
well as oligodendrocytes (Fig. 1C, bracketed area), we rea-
soned that Mtz treatment also induces cell death in neural 
crest-derived cartilage cells. 

Recently, it has been shown that targeted ablation of oligo-

dendrocytes in Xenopus laevis transgenic lines, which express 
NfsB cytotoxin under the control of mbp promoter, induces 
demyelination efficiently (Kaya et al., 2012). In contrast to Xe-
nopus model, targeted ablation of oligodendrocytes in trans-
genic mouse exhibited normal levels of CNS myelin but in-
duced axonal pathology (Oluich et al., 2012), suggesting that 
different animal models with different genetic strategies used to 
induce oligodendrocyte ablation could show distinct phenotypes. 
Together, our data suggest that Mtz treatment of Tg(mbp: gal4-
vp16;uas:nfsB-mcherry) zebrafish maybe a valuable animal 
model for studying the remyelination process in vivo, and for 
conducting high-throughput primary screens of new drugs us-
ing libraries of small molecules. 
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