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Neurons in the adult central nervous system (CNS) have a poor intrinsic axon growth potential after
injury, but the underlying mechanisms are largely unknown. Wingless-related mouse mammary tumor
virus integration site (WNT) family members regulate neural stem cell proliferation, axon tract and
forebrain development in the nervous system. Here we report that Wnt3 is an important modulator of
axon regeneration. Downregulation or overexpression of Wnt3 in adult dorsal root ganglion (DRG)
neurons enhances or inhibits their axon regeneration ability respectively in vitro and in vivo. Especially,
we show that Wnt3 modulates axon regeneration by repressing mRNA translation of the important
transcription factor Gata4 via binding to the three prime untranslated region (30 UTR). Downregulation of
Gata4 could restore the phenotype exhibited by Wnt3 downregulation in DRG neurons. Taken together,
these data indicate that Wnt3 is a key intrinsic regulator of axon growth ability of the nervous system.
© 2018 Elsevier Inc. All rights reserved.
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1. Introduction
Axon regeneration in the adult central nervous system (CNS) is
poor after damage. Both extrinsic inhibitory factors and intrinsic
constraints on growth in mature and injured neurons contribute to
this regenerative failure. In investigating the underlying mechanisms which govern the growth capacity of CNS, many key axon
growth modulators have been identiﬁed, such as the mechanistic
target of rapamycin/Phosphatase and tensin homolog (mTOR/
PTEN) pathway [4,12], Krüppel-like factors (KLFs) [2], signal
transducers and activators of transcription 3/Suppressor of cytokine signaling 3 (STAT3/SOCS3) [7,10], and transcription factor SOX11 (Sox11) [22]. However, the regeneration effects observed are still
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limited, clinical use may call for many more alternative methods to
enhance the growth potential of injured CNS.
Unlike the CNS axons, the adult peripheral nervous system
(PNS) retains prominent regenerative potential, enabling the repair
of severe injuries such as even complete transection of the nerve
trunk [3]. Following peripheral nerve injury, damaged axon tips are
transformed into new growth-cone-like structures, and the activation of regeneration-associated genes (RAGs) in the soma enhances axon regenerative capacity. Thus, regulation of gene
expression that determines the intrinsic axon growth capacity in
PNS has become an important strategy to promote axon regeneration [11].
WNT family members are a large group of signaling glycoproteins that possess signiﬁcant functions during neural development,
such as neural stem cells (NSC) proliferation, axonal guidance, and
neuronal survival [5]. It has been reported that the re-induced of
Wnt gradients may play an important role in promoting the
regeneration of damaged supraspinal circuitry in the spinal cord
[13]. However, we still don't know which and how WNT genes
contribute to neuronal functions in post-mitotic neurons, especially
in regulation of axon regeneration after peripheral nerve injury.
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Here, we tested whether WNT family members can show a
responsive expression to axon injury and play a functional role in
axon regeneration. We investigated the expression levels of all 19
Wnt genes following nerve injury. The Real-time PCR results
showed that Wnt1, Wnt3, Wnt8a and Wnt11 were all signiﬁcantly
downregulated in DRGs 1 week after the sciatic nerve injury and in
3 days cultured DRG neurons as well. On the contrary, both Wnt2
and Wnt4 were dramatically upregulated in vitro and in vivo injury.
We further provide evidences showing that knockdown of Wnt3
with a speciﬁc siRNA signiﬁcantly promotes the axon regeneration
of the DRG neurons in vitro and in vivo. And overexpression of
Wnt3 decreases axon growth ability in cultured DRG neurons.
Especially, we show that Wnt3 regulates axon regeneration by
inhibiting Gata4 through translational repression, and downregulation of Gata4 could restore the axon regeneration potential of
neurons after lacking Wnt3.
2. Material and methods
2.1. Animals
All mice were performed according to the animal protocol
approved by the Institutional Animal Care and Use Committee of
Institute of Zoology, Chinese Academy of Sciences. Adult CD-1 mice
(8- to 12-week-old, weighing from 30 to 35 g) were ordered from
Vital River Laboratory Animal Technology Co. Ltd. and housed in the
Institute Animal Facility.
2.2. Plasmids
The pCMVeGFP plasmid was from Addgene (Plasmid #11153).
And the pCMV-Wnt3 plasmid was ordered from origene
(MR222492).
2.3. Antibodies
The anti-bIII tubulin (Tuj1) was purchased from BioLegend
(801202) and COVANCE (MRB-435P). Antibody Wnt3 (sc-74537)
was ordered from Santa-Cruz. The internal control anti-b-actin was
purchased from Sigma-Aldrich. Antibody against GFP (A10262) and
ﬂuorescence-tagged secondary antibodies like goat antiechicken
Alexa Fluor 488 (A11039) and goat antiemouse Alexa Fluor 568
(A11031), were ordered from life technology Molecular Probes, Inc.
2.4. Primary neuron culture and in vitro electroporation
Adult DRG neurons were dissected and cultured according to the
same protocol as described previously [6,11]. In brief, the dissected
DRGs from adult mice were digested with collagenase A for 1.5 h,
and TrypLE Express (1X) for 20 min at 37  C. After washing the
DRGs for three times, dissociated them in the culture medium aMEM supplemented with 5% FBS, 1X Penicillin-Streptomycin solution, 20 mM 5-ﬂuoro-2-deoxyuridine and 20 mM uridine.
Re-suspended the centrifuged dissociated neurons in 80 ml
Amaxa electroporation solution along with plasmid DNA (5e10 mg)
and RNA oligos. Then transferred to a 100 ml single Nucleocuvette™
and electroporated by using the 4D-Nucleofector™ system from
Lonza (Cologne, Germany) as previously described [6,11].
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temperature respectively. Images of neurons were taken with Leica
DMI3000 B inverted microscope connected to a CCD camera
controlled by Leica Application Suite V4 software (Leica Microsystems, Ltd.). For evalution of axon length in DRG neurons, we
focused to neurons with axons in length twice than the cell body in
diameter.
2.6. Adult DRG neurons in vivo electroporation and axon length
measurement
When successfully anesthetized the mice, exposed the left
L4eL5 DRGs with a small dorsolateral laminectomy. EGFP plasmid
(1.5 ml per ganglion) and RNA oligos were micro-injected into the
DRGs. Then, immediately performed the in vivo electroporation by
the Electro Square Porator ECM830 (BTX Genetronics) as described
previously [18]. Two days after electroporation, the mice were
anesthetized again to perform the sciatic nerves crush injury. Three
days later, transcardially perfused the mice with 4% PFA (pH 7.4)
and carefully dissected out the whole sciatic nerve segment to ﬁx
overnight in 4% PFA at 4  C.
By using a CCD camera, manually traced all EGFP-labeled axons
between the crush site and the distal growth cone to accurately
evaluate the regenerating capacity of axons in the sciatic nerves.
2.7. Real-time PCR relative quantiﬁcation of WNT genes mRNA
Total RNA were extracted with Trizol reagent (Invitrogen).
Reverse transcribed totally 1 mg of RNA by using TransScript OneStep gDNA Removal and cDNA synthesis Kit (TRANS). Real-time
PCR was performed using a Hieff™ qPCR SYBR® Green Master
Mix (No Rox) (YEASEN). All values were normalized with respect to
the GAPDH mRNA level in each sample. Primers for qRT-PCR are as
follows: GAPDH forward: CATCACTGCCACCCAGAAGACTG, GAPDH
reverse: ATGCCAGTGAGCTTCCCGTTCAG. Other primers and RNA
oligos involved are listed in the Tables 1 and 2 respectively.
2.8. Western blot analysis
Protein samples were isolated and lysed with the RIPA solution.
The proteins were separated in an 8% SDS-PAGE gel, and transferred
onto polyvinylidene ﬂuoride membrane and was blocked with 5%
non-fat milk for 1 h at room temperature, then incubated membrane with primary antibodies (4  C, overnight) and sequentially
with horseradish peroxidase-linked secondary antibodies at room
temperature for 2 h. The results were calculated by normalizing the
density of the interesting protein band to b-actin.
2.9. Luciferase measurement in DRG neurons
4 h post electroporation Gata4e30 UTR luciferase vectors into
DRG neurons, replaced the medium only for control group and the
experimental group was treated with culture medium containing
recombinant WNT3 protein (100 ng/ml, Abnova #H00007473-P01).
48 h later, measured the luciferase activity with the Dual-Luciferase
Reporter Assay System (Promega #E1910) in triplicate for each
condition.

2.5. Immunostaining, and image analysis

2.10. Statistics analysis

After 3e4 days culture, ﬁxed the neurons with 4% paraformaldehyde (PFA) for 10e15 min followed by adding 2% BSA solution for blocking at least 60 min. Primary and secondary
antibodies were sequentially incubated for 4 h and 1 h at room

All data were presented as mean ± SEM. Two-tailed Student's ttest was applied to calculate the statistical signiﬁcance between 2
groups with at least 3 replicates. The signiﬁcance was set at
P < 0.05.
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Table 1
Real-time PCR primers used for all testing genes.
Genes

qRT-PCR primers (50 to 30 )

Genes

qRT-PCR primers (50 to 30 )

Wnt1

CGAGAGTGCAAATGGCAATTCCG
GATGAACGCTGTTTCTCGGCAG
AGGATGCCAGAGCCCTGATGAA
CGCCTGTTTTCCTGAAGTCAGC
CCATTACGGTGTTCGCTTTGCC
CAGCTTCAGGAATCTCCGAACAG
CCGCTCAGCTATGAACAAGCAC
AAGTCGCCAATGGCACGGAAGT
AACTGCACCACCGTCAGCAACA
AGCGTGTCACTGCGAAAGCTAC
GAGAACTGGAGAAGTGTGGCTG
CTGTGAGAAGGCTACGCCATAG
GGAACGAATCCACGCTAAGGGT
AGCACGTCTTGAGGCTACAGGA
GCTACCGCTTTGCCAAGGAGTT
CATTTGCAGGCGACATCAGCCA
TTTCCGACGCTGGAACTGCTCC
CCTGACAACCACACTGTAGGAG
TTCGCCAAGGTCTTCGTGGATG
TACAGGAGCCTGACACACCATG
TTCTCGTCGCTTTGTGGATGCC
CACCGTGACACTTACATTCCAGC
GGTGACTTGGAAAACTGCGGCT
CCAAACTGTCCACGAAGAGTCTG
CGGAGACTTTGACAACTGTGGC
CTGCTTGGAAATTGCCTCTCCG
AGTGCCAGTACCAGTTCCGCTT
GAGATGGCGTAGAGGAAAGCAG
AGAGAGGAAGCAAGGACCTGAG
GAGAGCTGCTTCCAACAGGTAC
GCTCCTGTTCTTCCTACTGCTG
ATGTCAGGCACACTGTGTTGGC
ACCACGACATGGACTTCGGAGA
CCGCTTCAGGTTTTCCGTTACC
GCCTGTGAAGGACTCAGAACTTG
AGCTGTCACTGCCGTTGGAAGT
CCCTCTTTGGCTATGAGCTGAG
GGTGGTTTCACAGGAACATTCGG

Oct4

CAGCAGATCACTCACATCGCCA
GCCTCATACTCTTCTCGTTGGG
CGAGCACCATTACGCCTTCAAC
AGTGCATGACCTGTTCGTAGGC
TCCTGCCTCCGCAGTGTGTCC
GTCAGAGAGTGGTGATGCCACA
GCCTCTATCACAAGATGAACGGC
TACAGGCTCACCCTCGGCATTA
CTGGTAAGGAGAAGCGGCTGTG
CCATTCACCTGTTTGCTGGAAGG
GCTTCGTGAAGGGTTGGGG
CGGATGAAATAGGATTGTGGGG
GCGTACCCTGACACCAATCTC
CTCCTCTTCGCACTTCTGCTC
AGTGTGCCCAATGTGGGAG
CATGATAGCCTGCCTTATGAGTG
CGTCAGAAGATAGGAGAAGAGGC
CAAATGTTCCAACTTCCATTGCC
TCTGTAGCCGCTCTATCTGG
GGTACACCATCCACTGAGTCAA
GGAGTTTGCCGGAAGACTCTC
GGGTGCTCTGGTAATTTTCCTTA
GTGTTTCGGGTCGAGCTTTCT
ACTGTCAGATTGAGCTGCATTAG
ATGGCTGTGAGCTGGATTGTC
GGCACATCCTCAAGGTTATAGGT
TTCAACACACTCTATCACTGGC
AGAAGCGTTTGCGGTACTCAT
CCTGCCCTTATATGCTCTGCT
AAACATGGTCAATAGGCATCACT
CGACGACCTCATGTTCGACC
GACAGGGATAGGTTCCCCG
GTGCCCCGACTAACCGTTG
GTCGTTGAACTCCTCGGTCT
TGGATTCGACTTAGACTTGACCT
GCGGTGTCATAATGTCTCTCAG

Wnt2
Wnt2B
Wnt3
Wnt3A
Wnt4
Wnt5A
Wnt5B
Wnt6
Wnt7A
Wnt7B
Wnt8A
Wnt8B
Wnt9A
Wnt9B
Wnt10A
Wnt10B
Wnt11
Wnt16

Foxa2
Neurog1
Gata4
Math1
Smad1
cyclin D1
Foxp2
Ptch1
Cntf
Ntf3
Ryk
Fzd3
Ptgs2
Postn
Sox11
Klf4
Pten

Table 2
RNA oligos used in the study.

Negative control
Wnt3-Mus-1
Wnt3-Mus-2
Wnt3-Mus-3
Gata4-Mus- 1
Gata4-Mus- 2
Gata4-Mus- 3

Sense (50 -30 )

Antisense (50 -30 )

UUCUCCGAACGUGUCACGUTT
GCGACUUCCUCAAGGACAATT
GGCUGUGACUCACAUCAUATT
GCCGCAAUUACAUCGAGAUTT
GUCCCAGACAUUCAGUACUTT
GGCAGAGAGUGUGUCAAUUTT
GGUUGUGUCUACAGCACAATT

ACGUGACACGUUCGGAGAATT
UUGUCCUUGAGGAAGUCGCTT
UAUGAUGUGAGUCACAGCCTT
AUCUCGAUGUAAUUGCGGCTT
AGUACUGAAUGUCUGGGACTT
AAUUGACACACUCUCUGCCTT
UUGUGCUGUAGACACAACCTT

3. Results
3.1. Distinct expression patterns of Wnt family genes in cultured
DRG neurons and injured DRGs
To determine whether peripheral nerve injury was responsible
for the in vivo activation of WNT family genes, we tested mRNA
levels of Wnt family members by qRT-PCR in injured DRGs (Fig. 1a,
n ¼ 14, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001) and
cultured DRG neurons which can mimic in vivo axotomy [19,20]
(Fig. 1b, n ¼ 10, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).
The results showed that the expression levels of Wnt1, Wnt3,
Wnt8a and Wnt11 were signiﬁcantly decreased while Wnt2 and
Wnt4 drastically increased both in injuried DRGs and 3 days
cultured DRG neurons. All these data indicated that peripheral
nerve injury was a stimulus for the activation or deactivation of

Wnt genes. We focused on Wnt3 whose expression was much less
in injured DRGs in vivo. By western blotting (Fig. 1ced, n ¼ 3,
*p < 0.05) and immunoﬂuorescence (Fig. 1e, f, n ¼ 3, *p < 0.05), we
found that Wnt3 protein level was down-regulated in cultured DRG
neurons and injuried DRGs. These results indicate that Wnt3 might
be an intrinsic inhibitor of axon regeneration.
Down-regulation or overexpression of Wnt3 promotes or inhibits mammalian axon regeneration respectively in adult DRG
neurons in vitro and in vitro.
To explore the role of Wnt3 in modulation of axon regeneration,
we used adult sensory neurons of the DRGs, which showed upregulated intrinsic axon growth ability after peripheral nerve injury
[11,24]. Using a group of three different siRNAs which were
designed to minimize the off-target effects, we down regulated
endogenous Wnt3 in adult DRG neurons (ON-TARGET plus,
Shanghai GenePharma Co., Ltd) (Fig. 2 a, b, n ¼ 3, *p < 0.05). And
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Fig. 1. Distinct expression patterns of Wnt family genes in cultured DRG neurons and injured DRGs.
(a) Wnts expression level in adult mouse DRGs after 7d.
sciatic nerves injury. (n ¼ 14,*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).
(b) Wnts expression level in dissociated adult DRG neurons after 3d in culture. (n ¼ 10,*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).
(ced) Wnt3 protein level in 3d cultured DRG neurons (c) and L4/5 DRGs after 7d sciatic nerves injury (d). Left: quantiﬁcation of Wnt3 protein level and right panels: representative
western blotting image (n ¼ 3,*p < 0.05).
(e) Representative images (e) and quantiﬁcation (f) of Wnt3 ﬂuorescence intensity in 0 d and 3 d cultured adult mouse DRG neurons (n ¼ 3,*p < 0.05). Scale bar, 50 mm.

found that acutely knocking down of Wnt3 enhanced axon
regeneration in adult DRG neurons (Fig. 2 cee, n ¼ 3, *p < 0.05).
Oppositely, when electroporated into cultured DRG neurons with
pCMV-Wnt3 plasmid, which could increased Wnt3 protein level
(Fig. 2 f), we observed that axon regeneration ability decreased
(Fig. 2 gei, n ¼ 3, *p < 0.05).
Similarly, when siWnt3 and EGFP plasmid were electroporated
into L4 and L5 DRGs of adult mouse in vivo [11,17]. 2 days later, the
sciatic nerves crush procedure was made to evaluate the axon
regeneration, the results showed that Wnt3 downregulation
signiﬁcantly increased in vivo axon regeneration compared with
the control group (Fig. 2 jem). Therefore, these data indicate that
Wnt3 is an important factor in regulation axon regeneration in
adult DRG neurons both in vitro and in vivo.
3.2. Wnt3 modulates Gata4 mRNA translation via its 30 UTR in adult
DRG neurons
To explore the underlying mechanism by which Wnt3 modulates axon regeneration, we identiﬁed potential targets of Wnt3 in
adult DRG neurons which have been validated in other cell types or
responsible for axon regeneration (Fig. 3 a). The qRT-PCR results
showed that Fzd3, Gata4, Foxa2 and Math1 were dramatically
increased in cultured adult DRG neurons by down-regulating Wnt3

expression (Fig. 3 a, n ¼ 6, *p < 0.05, **p < 0.01). We next examined
the Gata4 expression, which showed the highest expression level
after Wnt3 knockdown, in response to peripheral injury. As expected, Gata4 was signiﬁcantly upregulated in adult DRG neurons
after injury (Fig. 3 b, n ¼ 4, *p < 0.05), and in 3 days cultured DRG
neurons (Fig. 3 c, n ¼ 3, *p < 0.05).
Previous study has proved that Gata4 could facilitate myocardial
regeneration in newborn mice [14], and Wnt3 modulates Foxp2
translation via the 30 UTR [8]. So, we tested whether the 30 UTR of
Gata4 mRNA could respond to Wnt3 signaling in the adult DRG
neurons by cloned the 30 UTR of Gata4 (Fig. 3 d). Results indicated
that WNT3 protein treatment was able to decrease Gata4 translation efﬁciency via binding to its 30 UTR in DRG neurons (Fig. 3 e,
n ¼ 4, *p < 0.05). Together, these results suggest that Wnt3 regulates Gata4 mRNA translation via binding to its 30 UTR in DRG
neurons.
Down-regulation of Gata4 restores the axon regeneration
phenotype exhibited by Wnt3 knockdown in adult DRG neurons.
As shown above, down regulation of Wnt3 promoted axon
regeneration and increased Gata4 expression. Next we investigated
if downregulation of Gata4 could restore axon regeneration
phenotype exhibited by knocking down Wnt3 in cultured regenerating sensory neurons. And the results clearly showed that
downregulation of Gata4 could signiﬁcantly restore axon
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Fig. 2. Down-regulation or overexpression of Wnt3 promotes or inhibits mammalian axon regeneration respectively in adult DRG neurons in vitro and in vivo.
(a) Wnt3 mRNA expression level after elcetroporation of Wnt3-siRNA into adult DRG neurons (n ¼ 3, *p < 0.05).
(b) Electroporation of Wnt3-siRNA into cultured adult DRG neurons led to decreased endogenous Wnt3 protein level.
(c) Quantiﬁcation of the average length of the longest axons (n ¼ 254 for control; n ¼ 286 for siWnt3) (n ¼ 3, *p < 0.05).
(d) Cumulative distribution of the lengths of all individual axons measured (n ¼ 254 for control; n ¼ 286 for siWnt3).
(e) Representative images of cultured adult mouse sensory neurons expressing GFP(Ctrl) and Wnt3-siRNA plus GFP as indicated. All neurons were stained with anti-bIII tubulin
antibody (Tuj1, red). Scale bar, 50 mm.
(f) Electroporation of pCMV-Wnt3 plasmid into cultured adult DRG neurons led to enhanced endogenous Wnt3 protein level.
(g) Quantiﬁcation of the average length of the longest axons (n ¼ 242 for pCMV-GFP; n ¼ 243 for pCMV-Wnt3) (n ¼ 3, *p < 0.05).
(h) Cumulative distribution of the lengths of all individual axons measured (n ¼ 242 for pCMV-GFP; n ¼ 243 for pCMV-Wnt3).
(i) Representative images of cultured adult mouse sensory neurons electroporated into pCMV-GFP and pCMV-Wnt3 plus GFP as indicated. All neurons were stained with GFP
(green) and anti-bIII tubulin antibody (Tuj1, red). Scale bar, 100 mm.
(j) Western blotting and quantiﬁcation of Wnt3 protein level in L4/5 DRGs after in vivo electroporated with NC-siRNA (Ctrl) and Wnt3-siRNA (siWnt3) respectively.
(k) Scatter plot of average length of regenerating sciatic nerve axons (n ¼ 93 for Ctrl; n ¼ 88 for siWnt3).
(l) Cumulative distribution of the lengths of all individual axons measured (n ¼ 94 for control; n ¼ 89 for siWnt3).
(m) Representative images of GFP-labeled regenerating axons in the whole mount sciatic nerves of control group and siWnt3 group. Scale bar, 1 mm.

regeneration ability enhanced by knocking down Wnt3, which
supported that Wnt3 regulated mammalian axon regeneration via
repressing Gata4 translation. All these data indicate that Gata4 is
the real functional downstream target of Wnt3 (Fig. 4 aec, n ¼ 3,
*p < 0.05).
4. Discussion
Coordinated gene expression in the cell body is required for
axon growth and axon regeneration as well as local axon assembly
in the nerve growth cone [11]. In order to promote axon regeneration after nerve injury, many attempts have been made to activate
a multiple regeneration-associated genes (RAGs) involved in
regeneration [3]. However, the molecular mechanism underlying
the switch or related signaling remains elusive.
Wnt family proteins have emerged as key regulators of cancer
progression (Katoh 2001, Reya and Clevers 2005), tissue regeneration (Polesskaya, Seale, and Rudnicki 2003), the pluripotency and
differentiation (Sato et al., 2004) of mouse ESCs. In spinal cord
injury (SCI), Wnt family genes have been shown different various
expression patterns in mouse [9]. Similarly, in our study, Wnt genes
in adult DRG neurons also show distinct responses to the sciatic
nerve injury. And Wnt3 mRNA expression level showed signiﬁcantly decreased in adult DRGs after sciatic nerve injury, which is
consistent to its function with increasing axon growth after
knocking down Wnt3 in adult DRGs.

Wnt3 promotes adult neurogenesis in hippocampus (Okamoto
et al., 2011), modulates terminal arborization of sensory neurons
that responded to neurotrophin-3 in the spinal cord (Krylova et al.,
2002) and inhibits mouse cerebellar granule neuron progenitor
proliferation [1], but transiently enhanced spinal cord neural precursors proliferation (David, Canti, and Herreros 2010). All these
data indicate that Wnt3 plays distinct and complex roles in nervous
system. In our study, we found that Wnt3 is an intrinsic negative
modulator for controlling axon regeneration in adult DRG neurons.
For the ﬁrst time we identiﬁed the signiﬁcant roles of Wnt3 as a
suppressor in regulating axon regeneration in post mitotic neurons.
As axon guidance molecules, Wnts can guide ascending axons
and repel descending axons in the developing spinal cord [13]. In
addition, the ascending axons in DRGs and descending corticospinal axons in the spinal cord share the same negative environment [19]. Although in our research we mainly focused on axon
regeneration of sensory neurons in the injuried PNS, it will be
equally important to determine if deleting Wnt3 in cortical motor
neurons, either genetically or pharmacologically, would also promote corticospinal tract axon regeneration after SCI in the future.
As a suppressor, Wnt3 has been identiﬁed to regulate many
downstream targets for controlling ECS proliferation, differentiation and cancer progress [1,9,16]. By small screening, several Wnt3
targets were found up-regulated in adult DRG neurons after Wnt3
downregulation. We are interested in Gata4, an important transcription factor for heart repair after injury [21,23]. And we
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Fig. 3. Wnt3 regulates Gata4 mRNA translation via its 30 UTR in adult DRG neurons.
(a) Relative mRNA expression levels of the selected potential targets after Wnt3 knockdown in cultured DRG sensory neurons (*p < 0.05, **p < 0.01).
(bec) Gata4 expression level in adult DRGs after 7 d sciatic nerve injury (b, n ¼ 4,*p < 0.05) and 3d cultured DRG neurons (c, n ¼ 3, *p < 0.05) was signiﬁcantly increased.
(dee) Schematic in (d) and quantiﬁcation in (e) of luciferase measurement in adult DRG neurons after electroporation with Gata4 30 UTR-Luciferase vectors in vitro (n ¼ 4,*p < 0.05).

Fig. 4. Down-regulation of Gata4 restores the axon regeneration phenotype exhibited by Wnt3 knockdown in adult DRG neurons.
(a) Representative images of cultured adult mouse sensory neurons electroporation GFP þ NC-siRNA (Ctrl), GFP þ siWnt3 (siWnt3), GFP þ siGata4 (siGata4), GFP þ siWnt3þsiGata4
(siWnt3þsiGata4). Scale bar, 50 mm.
(b) Quantiﬁcation of the average length of the longest axons are shown (n ¼ 251 for Ctrl, n ¼ 246 for siWnt3, n ¼ 246 for siGata4, n ¼ 249 for siWnt3þsiGata4) (n ¼ 3, *p < 0.05).
(c) Cumulative distribution of the lengths of all individual axons measured are shown.

demonstrated that Gata4 was the functional downstream target of
Wnt3 in controlling axon regeneration in adult DRG neurons.
Thus, we describe a possible mechanism by which Wnt3 regulates axon regeneration in peripheral nervous system. Future
studies to manipulate Wnt3 along with other genes, such as Klf4
and Pten, which have been identiﬁed as important factors to
modulate axon regeneration [12,15] may also be a useful approach
to enhance the intrinsic growth ability of regenerating neurons
damaged by injury or disease in CNS.
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