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Purpose: The goal of this study is to investigate the role of cyclin-dependent kinase 5 (Cdk5) in axonal regeneration in dorsal 
root ganglion (DRG) neurons after peripheral nerve injury.
Methods: Crush injury was given on the sciatic nerve in rats. The DRG tissues were prepared 1, 3, and 7 days after injury and 
used for western blotting and immunofluorescence staining experiments. Primary DRG neurons were prepared and treated 
with Cdk5 inhibitor roscovitine or used for transfections with plasmid constructs. After immunofluorescence staining, neurite 
length of DRG neurons was analyzed and compared among experimental groups. In addition, roscovitine was injected into 
the DRG in vivo, and the sciatic nerve after injury was prepared and used for immunofluorescence staining to analyze axonal 
regeneration in nerve sections.
Results: Levels of Cdk5 and p25 were increased in DRG neurons after sciatic nerve injury (SNI). Levels of S727-p-STAT3, but 
not Y705-p-STAT3, were increased in the DRG. Immunofluorescence staining revealed that Cdk5 and STAT3 proteins were 
mostly colocalized in DRG neurons and Y705-p-STAT3 signals were localized within the nucleus area of DRG neurons. A 
blockade of Cdk5 activity by roscovitine or by transfection with dominant negative Cdk5 (dn-Cdk5) and nonphosphorylat-
able forms of STAT3 (S727A or Y705F) resulted in significant reductions of the neurite outgrowth of cultured DRG neurons. 
In vivo administration of roscovitine into the DRG markedly attenuated distal elongation of regenerating axons in the sciatic 
nerve after injury.
Conclusions: Our study demonstrated that Cdk5 activity induced from DRG neurons after SNI increased phosphorylation of 
STAT3. The activation of Cdk5-STAT3 pathway may be involved in promoting axonal regeneration in the peripheral nerve af-
ter injury.

Keywords: Axonal regeneration; Cyclin-deponent kinase 5; Dorsal root ganglion; Sciatic nerve; STAT3

• �Fund/Grant Support: This work was supported by the Daejeon University fund (grant number 20190123) (Daejeon, Korea).
• �Research Ethics: All protocols involving the care of live animals and their postoperative care were approved by the Daejeon University Institu-

tional Animal Use and Care Committee and were in accordance with the Animal-Use Statement and Ethics Committee Approval Statement for 
Animal Experiments provided by Daejeon University.

• Conflict of Interest: No potential conflict of interest relevant to this article was reported.

Cdk5 Phosphorylation of STAT3 in Dorsal Root Ganglion 
Neurons Is Involved in Promoting Axonal Regeneration After 
Peripheral Nerve Injury

Jinyeon Hwang, Uk Namgung 
Department of Korean Medicine, Daejeon University, Daejeon, Korea

https://doi.org/10.5213/inj.2040158.080
pISSN 2093-4777 · eISSN 2093-6931

Int Neurourol J 2020;24(Suppl 1):S19-27

• HIGHLIGHTS
- �Cdk5 phosphorylates STAT3 protein in DRG sensory neurons after sciatic nerve injury in rats.
- Cdk5-STAT3 signal pathway is involved in facilitating axonal regeneration.
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INTRODUCTION

Regenerative responses in axons after peripheral nerve injury 
(PNI) are distinct from those in the central nervous system in 
which the injured axons have a limited capacity of regeneration 
thus failing to make a correct targeting [1]. Comparative analysis 
on axonal regeneration has revealed that both intrinsic neuronal 
and environmental factors respond differently to the injury be-
tween peripheral and central nervous systems [2-4]. For instance, 
Schwann cells and molecular factors produced by Schwann cells 
contribute to axonal regeneration [5,6], whereas molecules such 
as Nogo, MAG, and OMgp that are produced from oligodendro-
cytes after spinal cord injury inhibit axonal regeneration [7].
  Sensory neurons in the DRG have been widely used to inves-
tigate intrinsic molecular factors that are important for axonal 
regeneration. Neurotrophic factor signals such as nerve growth 
factor, glial cell-derived neurotrophic factor, and brain-derived 
neurotrophic factor are produced from Schwann cells and in-
jured axons after PNI, entrapped with receptors, and retro-
gradely transported into the neuronal cell body to induce gene 
expression [3,8,9]. Axonal growth-associated protein 43 (GAP-
43) is one of the prototypical proteins which is induced at gene 
expression level in neurons after PNI [10]. Studies using trans-
genic animals overexpressing GAP-43 have identified GAP-43 
as an intrinsic determinant of axonal regeneration [11,12].
  Cyclin-dependent kinase 5 (Cdk5) is serine/threonine pro-
tein kinase and its function in neural tissue is known to be in-
volved in neuronal development, learning and memory, addic-
tive behavior, and neurodegeneration [13-15]. At cellular level, 
Cdk5 plays a role in corticogenesis during neural development 
which was identified by growth promoting activity of Cdk5 on 
the neuritis of cultured neurons [16]. Cdk5 has a broad range 
of substrates (e.g., neurotrophic factors such as TrkB, MAP1B 
axon guidance molecule, modulator molecules in actin and mi-
crotubule dynamics, and motor function-related protein such 
as NUDEL), all of which are related to regenerative processes of 
injured axons directly or indirectly [17,18]. More than a decade 
ago, we reported that the production of Cdk5 was induced in 
axons of the facial nerve after crush injury [19]. While this re-
port suggests de novo synthesis of Cdk5 in response to nerve 
injury, the neuronal expression and downstream effects of 
Cdk5 activity after axonal injury have not been investigated yet.
  Here we report the induction of Cdk5 production in DRG 
neurons given SNI and identification of STAT3 as downstream 
effector that mediates neurite outgrowth. Inhibition of Cdk5 

activity in DRG neurons resulted in a retardation of axonal re-
generation, implying Cdk5 activity as an intrinsic factor pro-
moting axonal regeneration.

MATERIALS AND METHODS

Animals and Sciatic Nerve Surgery
Sprague-Dawley rats (7 weeks of age, male; Samtako Inc., Seoul, 
Korea) were used for all experiments. Animals were maintained 
for 1 week before the experiment in an animal room with regu-
lated temperature of 24°C and a 12 hour-light/12 hour-dark cycle. 
Rats were anesthetized by intraperitoneally injecting ketamine (80 
mg/kg) and xylazine (5 mg/kg). The sciatic nerve was exposed in 
the middle thigh and crushed by compressing with jewel’s forceps 
(Solco, Seoul, Korea) for 30 seconds twice. All protocols involving 
the care of live animals and their postoperative care were ap-
proved by the Daejeon University Institutional Animal Use and 
Care Committee (approval number: DJUARB2019-029) and 
were in accordance with the Animal-Use Statement and Ethics 
Committee Approval Statement for Animal Experiments provid-
ed by Daejeon University (Daejeon, Korea).

DRG Sensory Neuron Culture
Primary neuron culture was essentially the same as described 
previously [20]. Briefly, the DRG at lumbar levels 4 and 5 were 
isolated from rats which had undergone preconditioning SNI for 
3 days, and dissociated cells (1.5×105) were cultured on 12-mm 
coverslips in 24-well plates. For the experiments blocking Cdk5 
activity, roscovitine (10μM) or dimethyl sulfoxide (DMSO) vehi-
cle was treated for 24 hours prior to cell harvest. The length of 
neurite was measured by using i-Solutions software program 
(Image & Microscope Technology, Daejeon, Korea).

Transfection of Primary DRG Neurons
Plasmid constructs pCMV-dn-Cdk5-GFP, pCMV-Cdk5-GFP, 
pRc/CMV-STAT3-S727A, pRc/CMV-STAT3-Y705F, and pC-
MV-GFP were all obtained from Addgene (Watertown, MA, 
USA). DRG neurons were transfected with plasmid constructs 
by using lipofectamine 2000 (Invitrogen, Waltham, MA, USA) 
as described by the manufacturer. Briefly, 24 hours before trans-
fection, neurons (2×105) in 500 μL of culture medium (BME, 
Sigma-Aldrich Chemical Co., St. Louis, MO, USA) were plated 
on 12-mm coverslips in 24-well plate. Plasmid DNA (1 μg) was 
gently mixed with 50 μL of BME and incubated for 5 minutes at 
room temperature. DNA and lipofectamine solutions were 
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mixed and incubated for 20 minutes at room temperature. They 
were added to each well containing cells and mixed by rocking 
the plate. After incubation for 24 hours at 37°C in CO2 incuba-
tor, cells were fixed for immunofluorescence staining.

Western Blot Analysis
DRGs and sciatic nerves were prepared from rats 1–7 days after 
SNI. All the procedures of western blotting including the prepa-
rations of cell lysates and sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis were carried out as described previ-
ously [20]. We used anti-Cdk5 (polyclonal, 1:1,000; Cell Signal-
ing Technology, Danvers, MA, USA), anti-p35 (1:1,000; Santa 
Cruz Biotech., Dallas, TX, USA), anti-STAT3 (1:1,000; Cell Sig-
naling Technology), anti-pSTAT3 (Y705) (1:1,000; Cell Signal-
ing Technology), anti-pSTAT3 (S727) (1:1,000; Cell Signaling 
Technology), and anti-β-actin (1:50,000; Sigma-Aldrich Chem-
ical Co.) primary antibodies, and anti-rabbit HRP (1:5,000; Cell 
Signaling Technology) and anti-mouse HRP (1:5,000; Cell Sig-
naling Technology) secondary antibodies were used in this 
study. Quantification of protein bands in the X-ray film images 
was determined by using the i-Solution software.

Immunofluorescence Staining
DRG neurons in tissue sections and cultured cells were subject-
ed to immunofluorescence staining as described in our previ-
ous study [20]. Primary antibodies used were polyclonal anti-
bodies for Cdk5 (1:400; Santa Cruz Biotech.), p35 (1:1,000; 
Santa Cruz Biotech.), pSTAT3 (Y705) (1:100; Cell Signaling 
Technology), pSTAT3 (S7275; Cell Signaling Technology) 
(1:100), and NF-200 (1:1,000; Sigma-Aldrich Chemical Co.) 
and monoclonal antibody for NF-200 (1:400; Sigma-Aldrich 
Chemical Co.). Fuorescein-goat anti-mouse (1:400; Molecular 
Probes, Eugene, OR, USA) and rhodamine-goat anti-rabbit 
(1:400; Molecular Probes) secondary antibodies were used in 
this study.

In Vivo Injection of Roscovitine Into DRG
Roscovitine was injected into the DRG of rats as described in 
previous studies [21,22]. Briefly, the mediodorsal surface of the 
skin between lower thorax and lumbar area was excised and ex-
posed 4–5 cm in a longitudinal direction. After cutting the mus-
cle and vertebrae with a marginal excision of 0.5-cm length at 
both ends, the DRG at lumbar 4 and 5 were carefully exposed. 
Roscovitine (4 nmole) or an equivalent volume of DMSO was 
injected into the DRG with a flow rate of 0.5 μL/min for 4 min-

utes by using micropump (Harvard Instrument, Holliston, MA, 
USA). The sciatic nerve was given crush injury immediately af-
ter the injection of roscovitine and prepared 3 days later to ana-
lyze axonal regeneration in longitudinal nerve sections. Fluores-
cence images were captured and transferred to the Adobe Pho-
toshop Program. For quantification of regenerating axons, the 
number of NF-200-stained axons intersecting with vertical lines 
at different lengths in the distal nerve was counted and the ratio 
of the number of axons relative to that at the location of 100 μm 
proximal to the injury site was determined. The values from 5 to 
7 nonconsecutive nerve sections per animal were averaged.

Statistical Analysis
The data were presented as standard error of mean and were 
compared among experimental groups by using Student un-
paired t-test, 1-way analysis of variance with Bonferoni test for 
multiple comparisons (GraphPad Prism 7.00, San Diego, CA, 
USA), and 2-way analysis of variance with Sidak multiple com-
parison test. Statistically significant differences were reported as 
*P<0.05, **P<0.01 or ***P<0.001.

RESULTS

To investigate whether SNI affects on the production of Cdk5 and 
activator proteins p35/25 in DRG neurons, we analyzed these 
proteins by western blot analysis. Moderate level of Cdk5 was de-
tected from untreated control animals and the levels were elevat-
ed after SNI (Fig. 1A). p35 was highly expressed in the intact 
DRG tissue, decreased 1 day after SNI, and gradually increased 
3–7 days later (Fig. 1B). In contrast, p25, a cleavage product of 
p35, was not detected in the intact DRG and gradually increased 
after SNI. We further investigated the cellular distribution of Cd5 
and p35 proteins in the DRG by immunofluorescence staining. 
Cdk5 protein signals were weakly observed in NF-200-stained 
DRG neurons in the control group and clearly increased after 
SNI, displaying a complete colocalization with NF-200-stained 
neurons (Fig. 2A). The number of Cdk5-positive cells was signifi-
cantly increased in the DRG after SNI compared to the control 
group (Fig. 2B). p35 signals were observed in NF-200-stainiend 
DRG neurons and also in nonneuronal cells (marked arrows in 
Fig. 2C). Quantitative comparison showed no significant differ-
ence in the number of p35-labeled cells between the control and 
SNI groups though the mean values were higher in the injury 
group than the control group by 67% (P=0.2) (Fig. 2D).
  Previous studies showed that STAT3 is phosphorylated by 
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Fig. 1. Production of Cdk5 and p25 is elevated in dorsal root ganglion (DRG) tissues after sciatic nerve injury. DRG tissues prepared 
0–7 day post injury (dpi) were used for western blot analysis for Cdk5 (A) and p35/25 (B) proteins. In panels A and B, western blotting 
for actin was performed as protein loading control. The numbers above western blot images denote the band intensity relative to actin.

Ratio

Cdk5

Actin

1.6
0

dpi

1 3 7
2.4 2.7 3.2

A

p25 Ratio
p35 Ratio

p35

p25

0.01
1.2
0

dpi

1 3 7

0.1
0.2

0.2
0.4

0.5
0.8

B
Actin

Fig. 2. Immunofluorescence view of Cdk5 and p35 protein signals in dorsal root ganglion (DRG) neurons. DRG tissues were pre-
pared from untreated control animals (CTL) and animals given sciatic nerve injury (SNI) for 3 days. Representative images of immu-
nofluorescence images for NF-200 and Cdk5 (A) and for NF-200 and p35 (C). Quantification of the number of neurons showing pos-
itive signals to Cdk5 and p35 in the control and SNI groups were plotted in panels B and D. *P<0.05 (error bar, standard error of the 
mean, n=5–6 different replicates under 2 independent experiments). Scale bar represents 50 μm.
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Fig. 3. Changes of STAT3 phosphorylation by sciatic nerve injury (SNI) in the dorsal root ganglion (DRG). DRG tissue lysates were 
prepared 0-7 days after SNI and used for western blotting for STAT3 (A), S727-p-STAT3 (pS-STAT3; B), and Y705-phospho-STAT3 
(pY-STAT3; C). Western blotting for actin was performed as protein loading control. The numbers above western blot images denote 
the band intensity relative to actin.
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Fig. 4. Immunofluorescence view of STAT3, pS-STAT3, and pY-STAT3 signals in dorsal root ganglion (DRG) neurons. DRG tissues 
were prepared from untreated control animals (CTL) and animals given sciatic nerve injury (SNI) for 3 days. Representative images of 
immunofluorescence images for NF-200/STAT3, NF-200/pS-STAT3, and NF-200/pY-STAT3 in (A) and Cdk5/pS-STAT3 and Cdk5/
pY-STAT3 in (B). Scale bar represents 50 μm.
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Cdk5 at serine 727 (S727) and after additional phosphorylation 
at tyrosine 705 (Y705), increases the transcription of target 
genes [23]. Here, we investigated whether Cdk5 activity is in-
volved in STAT3 phosphorylation in DRG neurons. In the 
DRG, the basal level of STAT3 was high and remained unal-
tered after SNI (Fig. 3A). We also detected the basal level of 
phosphorylated STAT3 at S727 (hereafter pS-STAT3) in the 
DRG, which was increased 3 days after injury (Fig. 3B). In con-
trast, high level of phospho-STAT3 at Y705 (hereafter pY-
STAT3) was observed in the control group (Fig. 3B) and the 
levels were not altered by SNI (Fig. 3C). When analyzed by im-
munofluorescence staining, STAT3 signals were mostly detect-
ed in NF-200-labeled DRG neurons, with some additional sig-
nals in nonneuronal cells in the control and SNI groups of ani-
mals (marked arrowheads in Fig. 4A). We found that pS-STAT3 

signals, which were weakly observed in the control DRG neu-
rons, were clearly increased after SNI. Finally, pY-STAT3 signals 
were detected in the DRG of both control and SNI groups of 
animals and found particularly in the nuclear zone of DRG 
neurons of SNI group of animals (marked arrows in Fig 4A). 
Both pS-STAT3 and pY-STAT3 signals were highly colocalized 
with Cdk5-labeled DRG neurons (Fig 4B). Here again, it was 
confirmed that in the DRG from SNI group of animals, most of 
pS-STAT3 and Cdk5 signals were evenly seen in neuronal cell 
bodies whereas pY-STAT3 signals were concentrated within the 
central nuclear zone area.
  To further examine the effects of STAT3 phosphorylation on 
axonal elongation, we prepared primary DRG neurons. Here, 
both Cdk5 and p35 signals were clearly observed and were not 
affected by roscovitine treatment (Fig. 5A). p35 signals were 

Fig. 5. Inhibition of Cdk5-STAT3 pathway in dorsal root ganglion (DRG) neurons attenuates neurite outgrowth. (A, B) Inhibition of 
STAT3 phosphorylation and neurite outgrowth in roscovitine-treated DRG neurons. Primary DRG neurons were treated with Cdk5 
inhibitor roscovitine (10μM) or dimethyl sulfoxide (DMSO) vehicle for 24 hours prior to the cell harvest. Note that after roscovitine 
treatment, the intensity of pS-STAT3, but not Cdk5 and p35, signal was reduced. (B) A plot for quantitative comparison of neurite 
length in cell groups treated with roscovitine and DMSO vehicle. Neurite length was determined by analyzing randomly selected 10–
15 DRG neurons per experimental group. *P<0.05 (Student t-test, n=4 replicates in 2 independent experiments). (C, D) Inhibition 
of neurite outgrowth of DRG neurons after the transfection with the plasmids overexpressing dominant negative form of Cdk5 (dn-
Cdk5), nonphosphorylatable STAT3 (S727A or Y705F), and wild-type Cdk5 (wt-Cdk5). Transfected cells were identified by GFP re-
porter. Representative immunofluorescence images for individual, transfected groups are shown in (C), and quantification of neurite 
outgrowth is plotted in (D). Mean neurite length was measured by analyzing 3–4 transfected cells and averaged for 8 replicates in 2 in-
dependent experiments (*P<0.05, **P<0.01, ***P<0.001, 1-way analysis of variance). Scale bar represents 50 μm.
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observed additionally in cells around the DRG neuronal cell 
body, possibly reflecting p35 expression in nonneuronal cells in 
the DRG such as Schwann cells and satellite cells. pS-STAT3 
signals were clearly decreased by roscovitine treatment com-
pared to the control, as the neurite outgrowth was significantly 
attenuated by roscovitine (Fig. 5B). We further investigated the 
effects of Cdk5 phosphorylation of STAT3 on neurite out-
growth in neurons transfected with dominant negative form of 
Cdk5 (dnCdk5) and nonphosphorylatable forms of STAT3. 
Cells transfected with dn-Cdk5 or STAT3 (S727A), as identified 
by GFP-fusion protein and cotransfected GFP, respectively re-
vealed very weak pS-STAT3 signals, indicating the inhibition of 
STAT3 phosphorylation at S727 (Fig. 5C). Similarly, STAT3 
phosphorylation at Y705 were largely suppressed by overexpres-
sion of STAT3 (Y705F). Cell groups expressing dn-Cdk5, 
STAT3 (S727A), and STAT3 (Y705F) showed significant reduc-
tions in neurite growth compared to the control group that ex-
presses GFP (Fig. 5D). In addition, cells transfected with the 
plasmid constructs of wild type Cdk5 along with STAT3 
(S727A) showed similar levels of reduction in neurite outgrowth 
as those transfected with STAT3 (S727A). However, cotransfec-
tion with wt-Cdk5 and STAT3 (Y705F) was less effective at re-
ducing neurite outgrowth than STAT3 (Y705F) transfection 
alone, showing a 33% of difference (P=0.14).
  To examine whether Cdk5 activity in DRG neurons is re-
quired for axonal elongation in the sciatic nerve after injury, we 

injected roscovitine into the DRG to inhibit Cdk5 activity in 
vivo. As shown in Fig. 6A, the sciatic nerve treated with rosco-
vitine showed a reduction of distal elongation of regenerating 
axons compared to DMSO-vesicle injected group. Differences 
in distal elongation of regenerating axons was clearly observed 
at 600 μm or further distal portion of the nerve, showing a sta-
tistical significance between the groups (P<0.001) (Fig. 6B).

DISCUSSION

In this study, we demonstrate that Cdk5 activity is upregulated 
from DRG neurons in rats given SNI and phosphorylates STAT3. 
Since the lesion signal after PNI engenders cell body response 
including gene expression as the process of inducing axonal re-
generation, our finding suggests that SNI-induced Cdk5-STAT3 
signaling pathway may play a role in mediating the production 
of regeneration-inducing factors at gene expression level.
  An injury on the peripheral nerve induces local pathological 
responses in nonneuronal cells such as Schwann cells and mac-
rophages as well as injured axons, and combined lesion signal is 
transmitted into the neuronal cell body [3]. Since we found in-
creases in Cdk5 protein level in DRG sensory neurons, the le-
sion signal may induce Cdk5 gene expression at transcriptional 
and/or posttranscriptional levels. Interestingly however, high 
level of p35, an activator protein of Cdk5, was observed in the 
DRG of untreated control animals. Cdk5 is expressed in several 

Fig. 6. Retardation of axonal regeneration by in vivo roscovitine treatment. Three days after the administration of roscovitine (4 nmoles) 
or dimethyl sulfoxide (DMSO) vehicle (Veh), longitudinal nerve sections were prepared for immunofluorescence analysis of regenerating 
axons. Representative immunofluorescence views of NF-200-stained axons for vehicle- and roscovitine (ROSCO)-injected groups are 
shown in (A), and in (B), the ratio of the number of regenerating axons in the distal nerve relative to that of axons in the proximal nerve 
was compared at different lengths between roscovitine (ROSCO)- and DMSO vehicle injected groups. P<0.001 (F[6, 28]=6.547, 2-way 
analysis of variance, n=4 animals per group). Vertical arrows in (A) denote the site of sciatic nerve injury. Scale bar represents 200 μm.
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brain regions and its activity is regulated by p35/p25 that is in-
duced by external stimulation [13,24,25]. Thus, the expression of 
Cdk5 and p35 in the peripheral nerve seems to be regulated in a 
different manner from the brain. It was also noted that p25, a 
cleavage product of p35 by calpain, was not observed in the con-
trol DRG and induced after nerve injury. Although p25, like p35, 
binds to and activates Cdk5, it is localized in the cytosol and in-
duces Cdk5 phosphorylation of substrate proteins such as Tau 
and neurofilament H that are related to neurotoxic effect in de-
generating neurons including Alzheimer disease brain, which is 
thus distinct in substrate specificity from p35-Cdk5 activity [26]. 
More recently, it was reported that Cdk5/p25 increased beta site 
amyloid precursor protein cleaving enzyme leading to amyloido-
genesis in relation to Alzheimer disease [27]. Our data strongly 
suggest that both Cdk5 and p25 are increased after PNI and play 
a role in axonal regeneration. Given that one of the main func-
tions of Cdk5-p25 is to mediate apoptosis particularly in neurons 
undergoing degeneration in Alzheimer, Parkinson, and amyo-
trophic lateral sclerosis brain [14,28,29], it remains to be deter-
mined how Cdk5/p25 activity, in contrast to its neurotoxicity ef-
fects in the brain, mediates regenerative response.
  Our data showed that the Cdk5 activity is increased in DRG 
sensory neurons after SNI and phosphorylates STAT3 at serine 
727. Cdk5 phosphorylation of STAT3 at serine 727 has been 
shown in neural tissues and cancer cells [23,30], and here we 
present Cdk5 activity phosphorylating STAT3 in DRG neurons. 
Recently, we found that Cdk5 phosphorylation of STAT3 in re-
generating axons after SNI is related to enhanced mitochondri-
al activity in axons (Hwang and Namgung, unpublished data). 
We speculate that phospho-STAT3 may play a role in mediating 
axonal regeneration possibly by acting as a transcription factor, 
as shown in regenerating axons of retinal ganglion cells [31]. 
Given that STAT3 phosphorylation at Y705 is required for the 
activation of STAT3, we measured pY-STAT3 in DRG neurons 
and found its constitutive expression in the DRG before and af-
ter SNI. Yet, the immunofluorescence localization of pY-STAT3 
revealed its concentric localization in the nucleus of DRG neu-
rons after SNI. It was previously shown that STAT3 activation 
as a transcription factor requires the phosphorylation at serine 
727 residue for its maximal activity in addition to Y705 [32], 
raising the possibility that the injury-induced increases in phos-
phorylation of STAT3 at S727 may facilitate the translocation of 
pY-STAT3 into the nucleus leading to transcriptional activation 
for target gene expression. This speculation of STAT3 function 
is supported by our data demonstrating that the pharmacologi-

cal and genetic blockades of Cdk5 activity resulted in retarded 
neurite outgrowth in cultured DRG neurons. Inhibition of 
Cdk5 activity or STAT3 phosphorylation at S727 and Y705 resi-
dues resulted in reduced neurite outgrowth, suggesting that 
Cdk5-STAT3 pathway may be involved in neurite outgrowth.
  We found that axonal regeneration after SNI was significant-
ly decreased by in vivo administration of roscovitine into the 
DRG. While our data suggest that roscovitine may inhibit Cdk5 
activity in DRG neurons in vivo, a possibility of roscovitine in-
hibition of other Cdk family proteins such as Cdc2 cannot be 
excluded. Cdc2 expression is strongly induced from Schwann 
cells in the sciatic nerve after injury and was shown to be in-
volved in axonal regeneration [33]. Whether or not Cdc2 ex-
pression is induced in the DRG after PNI and its activity is 
linked to regenerative responses of the peripheral branch of the 
injured nerve remains to be determined.
  In conclusion, we demonstrate that Cdk5 activity induced 
from DRG neurons after SNI increased STAT3 activity. STAT3 
activity in DRG neurons may play a role in promoting axonal 
regeneration after PNI and thus implicates therapeutic applica-
tion as an intrinsic factor of peripheral nerve repair.
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