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Abstract
Background
Knockout of either toll-like receptor 4 (TLR4) or 2 (TLR2) had been reported to delay the
Wallerian degeneration after peripheral nerve injury by deterring the recruitment of the

macrophages and clearance of myelin debris. However, the impact on the remyelination
process is poorly understood. In this study, the effect of TLR2 and TLR4 knockout on the
nerve regeneration and on the remyelination process was studied in a mouse model of sciatic
nerve crush injury.

Results
A standard sciatic nerve crush injury by a No. 5 Jeweler forcep for consistent 30 seconds was
performed in Tlr4−/− (B6.B10ScN-Tlr4lps-del/JthJ), Tlr2−/− (B6.129-Tlr2tm1Kir/J) and C57BL/6
mice. One centimeter of nerve segment distal to the crushed site was harvested for western
blot analysis of the myelin structure protein myelin protein zero (Mpz) and the remyelination
transcription factors Oct6 and Sox10 at day 0, 3, 7, 10, 14, 17, 21, 28. Nerve segment 5-mm
distal to injured site from additional groups of mice at day 10 after crush injury were
subjected to semi-thin section and toluidine blue stain for a quantitative histomorphometric
analysis. With less remyelinated nerves and more nerve debris, the histomorphometric
analysis revealed a worse nerve regeneration following the sciatic nerve crush injury in both
Tlr4−/− and Tlr2−/− mice than the C57BL/6 mice. Although there was a delayed expression of
Sox10 but not Oct6 during remyelination, with an average 4-day delay in the demyelination
process, the subsequent complete formation of Mpz during remyelination was also delayed
for 4 days, implying that the impaired nerve regeneration was mainly attributed to the
delayed demyelination process.

Conclusions
Both TLR4 and TLR2 are crucial for nerve regeneration after nerve crush injury mainly by
delaying the demyelination but not the remyelination process.
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Background
Wallerian degeneration and subsequent remyelination are crucial in the nerve regeneration
after peripheral nerve injury [1-3]. Upon peripheral nerve injury, the activated Schwann cells
start to clean inhibitory myelin and dead neuronal debris by phagocytosis [4]. In addition, as
early within 24 h after the injury [5-8], resident Schwann cells and macrophages will secret
many pro-inflammatory cytokines (e.g. TNF-α, IL-1-α, IL-1β, IL-6, IL-10, and GM-CSF) and
chemokines (e.g. MCP-1 and MIP-1α) to induce local inflammation and recruit more invaded
macrophages for the clearance of debris. The induction process requires at least 2 days to
establish an appropriate environment for the microphage invasion [3,9]. Delay in initiation of
these phenomena may not only prolong the period of disability but also impact the degree of
recovery though microsurgical reconstruction [3,10]. Besides, during the process of
myelination of Schwann cells in the peripheral nerve, myelin protein zero (Mpz) is
abundantly expressed and regulated by some transcription factors, including Oct6, Sox10,
Krox-20, c-Jun, Notch, Sox-2, Pax-3, Id2, and NF-κB [11-16]. Three transcription factors,

Oct6 (SCIP/Tst1), Sox10, and Krox20 (EGR2) are considered necessary for transition from
the nonmyelinating to the myelinating stage of Schwann cell development [14,15,17].
Toll-like receptors (TLRs), a family of evolutionary conserved pattern recognition receptors,
act as a first line immune surveillance and priming antigen-specific adaptive immunity. TLRs
can recognize infectious pathogens and trigger an innate immune response in mammals [18].
They also participate a significant role in inflammation, immune cell regulation, survival, and
proliferation [19]. Certain TLRs can recognize specific endogenous molecules associated to
danger signal that are released from damaged cells or tissues after injury or under stress
[20,21]. TLR1, TLR2, TLR3, TLR4 and TLR7 had been discovered to be functional in
Schwann cells [22,23]. Up-regulated heterodimer of TLR1/TLR2 upon stimulation and basal
high level of TLR4 in both Schwann cells and sciatic nerve imply that TLR2 and TLR4 are
crucial to Wallerian degeneration after peripheral nerve injury [22,23]. Boivin et al.
demonstrated that Tlr4−/− and Tlr2−/− mice had a reduced recruitment of macrophages,
persisted myelin debris in the distal nerve stump, and a significant delay of the process of
Wallerian degeneration during the nerve regeneration process [9].
In this study, we are interesting in investigating the impact of the knockout of TLR2 or TLR4
gene on the nerve regeneration regarding the process of demyelination as well as
remyelination. Therefore, the quantitative histomorphometric assessment of peripheral nerve
architecture with detection of the time-dependent expression of Mpz, Sox10, Oct6 proteins in
Tlr2−/−, Tlr4−/− and wild type mice in a sciatic nerve crush injury were investigated in this
study to answer the question.

Methods
Animals
Eight to twelve weeks old male mice, weighing 20-30 g were used. Tlr2−/−(B6.129Tlr2tm1Kir/J) and Tlr4−/− (B6.B10ScN-Tlr4lps-del/JthJ) mice were purchased from Jackson
Laboratory (Bar Harbor, ME, USA). C57BL/6 mice were purchased from the National
Laboratory Animal Center, Taiwan. All housing conditions were established and surgical
procedures, analgesia, and assessments were performed in an AAALAC-accredited, SPF
facility following national and institutional guidelines. Animal protocols were approved by
the IACUC of Chang Gung Memorial Hospital.

Peripheral nerve crush injury model
On the day of surgery (day 0), mice were anesthetized by intramuscular injection of ketamine
(25 mg/kg) and xylazine (50 mg/kg). The right sciatic nerve at the mid-thigh level was
exposed and then was crushed by a No. 5 Jeweler forcep for consistent 30 seconds. After
release of the forcep, a 10–0 Ethilon suture (Micro suture Ethicon, Somerville, NJ) passed
through the epineurium only was used to mark the injured site without constriction. For sham
operated mice, the right sciatic nerve was left untouched except a mark made with epineurial
suture at the corresponding site. Then all mice awaked and remained healthy in another
postoperative care room.

Western blot analysis
Four mice in each group per specific day 0, 3, 7, 10, 14, 17, 21, 28 were harvested for
examination of Mpz, Oct6 and Sox10 proteins. These specimens were homogenized with
tissue protein extraction reagent T-PERTM (Pierce, IL, USA) containing phosphatase and
protease inhibitors. The protein samples (30 µg) were resolved on 10% SDS-polyacrylamide
gels and transferred to polyvinylidenedifluoride membranes. Blots were blocked with 5%
skim milk in Tween-20/ phosphate-buffered saline, and incubated with various primary
antibodies as: rabbit anti–Sox10 (Millipore Biotechnology, MA, USA), anti–Oct6 (Novus
Biologicals, USA), anti-Mpz (Abcam, USA) and mouse anti-β-actin (Millipore
Biotechnology, MA, USA) at 4°C overnight. The blots were then incubated with horseradish
peroxidase–conjugated secondary antibodies at room temperature for 60 minutes, and
developed with ECL™ Western Blotting Systems (Amersham Pharmacia Biotech,
Aylesbury, UK). The protein bands were quantified with FluorChem 8900 imaging system
and the AlphaEaseFC software (Alpha Innotech Corp, CA, USA).

Quantitative assessment of peripheral nerve architecture
Mice in three (Tlr4−/− n = 6, Tlr2−/− n = 6 and C57BL/6 n = 5) and sham-operated (C57BL/6
n = 6) group were re-anesthetized for harvesting the studied nerve and then sacrificed at
specific time point on the postoperative day 10. The axial one centimeter of nerve distal to
the injured site was isolated and fixed at 4 °C with 3% glutaraldehyde (Polysciences Inc.,
Warrington, PA, USA), washed in 0.1 M phosphate buffer (pH 7.2), post-fixed with 1%
osmium tetroxide (Fisher Scientific, Pttisburgh, PA, USA), dehydrated in graded ethanol
solutions, and embedded in Araldite 502 (Polysciences Inc.). Axial semithin sections, 1 µm
thick, at a 5-mm distance from the injured site were stained with 1% toluidine blue for
histomorphometric analysis.
We use a binary image analysis for multicomponent analysis of peripheral nerve
histomorphometry [24] by an observer blinded to experimental group. Total myelinated fiber
counts were measured based on six representative fields at 1000 magnification. Fiber count,
fiber width, fiber area, total fiber area, fiber debris area, myelin area, axon area and axon
width were calculated and analyzed.

Statistical analysis
All the results were presented as mean ± standard error. An overall analysis of the differences
between group means was calculated by one way analysis of variance (ANOVA). A post hoc
Fisher’s least significant difference test was used to compare the difference between groups.
In all cases, statistical significant was set at P < 0.05.

Results
Quantitative histomorphometric analysis
The axial section of the nerve 5 mm distal to the injured site in four mice group (C57BL/6sham, C57BL/6-crush, Tlr4−/−-crush, Tlr2−/−-crush) in the postoperative day 10 were
illustrated in Figure 1. Analysis of the histomorphometric data was summarized in Table 1.
Nerve specimens from sham-operated C57BL/6 mice display the greatest numbers of nerve

fibers and intact neural tissue with the least debris. Except more fiber debris area was noted
in the crushed nerve of C57BL/6 mice in comparison with those sham-operated C57BL/6
mice, there was no significant difference in all measured parameter of the histomorphometric
data between these two groups of C57BL/6 mice. In Tlr4−/−and Tlr2−/− mice, the specimens
presented significant prominent debris with less percentage nerve tissue. At day 10, the fiber
count, fiber width, fiber area, total fiber area, fiber debris area, myelin area, axon area and
axon width both the Tlr4−/− (P < 0.05) group (n = 6), and the Tlr2−/−(P < 0.05) group (n = 6)
were significantly smaller than in the C57BL/6 mice (n = 5). At the same time point, the fiber
debris area of Tlr4−/− and Tlr2−/− mice were significantly larger than C57BL/6 mice.
Figure 1 Representative histological sections (X1000) taken distal to the nerve crush
injury site on the postoperative day 10 and stained with toludine blue. Nerve specimens
were from sham-operated C57BL/6 mice as well as C57BL/6, Tlr4−/−, and Tlr2−/− mice with
nerve crush injury.

Table 1 Quantitative histomorphometric assessment of nerve specimens 5-mm distal to crushed site of the sciatic nerve
Fiber width, µm

Fiber area, µm2

Total fiber area, µm2

Fiber debris area, µm2

Myelin area, µm2

Axon area, µm2 Axon width, µm

6 112 ± 13

5.25 ± 0.35

31.5 ± 3.1

3349 ± 260

23 ± 5*

16.1 ± 1.9

12.7 ± 1.9

3.19 ± 0.36

C57BL/6 5 106 ± 10

5.34 ± 0.16

31.8 ± 2.7

3235 ± 289

51 ± 16

16.0 ± 1.4

14.3 ± 1.6

3.61 ± 0.14

Tlr4−/−

6 56 ± 10*

4.14 ± 0.39*

19.6 ± 3.9*

1204 ± 392*

161 ± 24*

10.5 ± 2.1*

8.6 ± 1.8*

2.68 ± 0.28*

Tlr2−/−

6 46 ± 6*

4.16 ± 0.26*

19.6 ± 2.4*

943 ± 191*

178 ± 38*

10.8 ± 1.4*

8.1 ± 1.0*

2.61 ± 0.16*

Group
Sham

n

Fiber count

Data are shown as mean ± standard error (* indicated P < 0.05 compared with C57BL/6 group).

Expression of remyelination transcriptional factors
The Mpz of sciatic nerve of C57BL/6 mice started to decrease slightly since postoperative
day 3 and returned to normal level in day 17 (Figure 2). In Tlr4−/− and Tlr2−/− mice, the Mpz
level had a significant decrease since day 7 to day 17 with a delayed recovery in day 21. Put
all together, knockout of toll-like receptor 4 or 2 signaling would contribute to the timing
delay of around 4 days for the formation of the myelin structure protein. The Oct6 level
(Figure 3) of C57BL/6 mice started to increase significantly since postoperative day 3. In
Tlr4−/− and Tlr2−/− mice, the Oct6 level had a delayed increase since day 7. An average 4-day
delay was also observed in Oct6 protein level of Tlr4−/− and Tlr2−/− mice. The Sox10 level
(Figure 4) of C57BL/6 mice started to increase significantly since postoperative day 3 and
returned normally in day 14. In Tlr4−/− and Tlr2−/− mice, the Sox10 level had the delay in
significant increasing since day10 and returned normally in day 21. A 7-day delay in
activation and expression of Sox10 protein could be seen in Tlr4−/− and Tlr2−/− gorup when
compared to C57BL/6 mice.
Figure 2 Western blot analysis of Mpz level in day 0, 3, 7, 10, 14, 17, 21, 28 of C57BL/6,
Tlr4−/− and Tlr2−/− mice. (*P < 0.05;**P < 0.001).
Figure 3 Western blot analysis of Oct6 level in day 0, 3, 7, 10, 14, 17, 21, 28 of C57BL/6,
Tlr4−/− and Tlr2−/− mice. (*P < 0.05;**P < 0.001).
Figure 4 Western blot analysis of Sox10 level in day 0, 3, 7, 10, 14, 17, 21, 28 of
C57BL/6, Tlr4−/− and Tlr2−/− mice. (*P < 0.05;**P < 0.001).

Discussion
Degenerated myelin and nerve debris are both major inhibition of nerve regeneration.
Without removing them successfully after Wallerian degeneration, the restoration of function
won’t be initiated and achieved [22]. Both Schwann cells and macrophages can remove
degenerated myelin debris without each other in vitro [25,26] and in vivo [27,28]. Clearance
of degenerated myelin by resident Schwann cells and invaded macrophages is a preferable
process for subsequent remyelination in the nerve regeneration. Upon axotomy, TLR1
becomes strongly induced in the peripheral nerve [22]. TLR2 signaling pathway had also
been proved to involve in activation of Schwann cells [29,30]. In addition, TLR3, TLR4, and
TLR7 are majorly expressed in the peripheral nerve system, with their possible role in
immune surveillance [22]. In this study, we had demonstrated the nerve regeneration
following the sciatic nerve crush injury in both Tlr4−/− and Tlr2−/− mice was worse than the
C57BL/6 mice and there was significant increase of the fiber debris remained in the distal
stump of the sciatic nerve. Significantly fewer macrophages were recruited and/or activated
in the distal stump of sciatic nerve upon crush injury had also been reported in the TLR2-,
TLR4-, and MyD88-deficient mice [9]. By using functional blocking antibodies of TLR4 and
MCP-1, MCP-1 expression is impaired and induces prominent delay in macrophage
recruitment and clearance of debris [6,7,29]. On the other hand, A single microinjection of
TLR2 and TLR4 ligands at the site of sciatic nerve lesion had faster clearance of the
degenerating myelin and recovered earlier than saline-injected control rats [9]. Although
specific endogenous ligands for TLR2 or TLR4 signaling such as high mobility group box 1
protein, heat-shock proteins and extracellular matrix components is still in debate [19,31],

accelerating the Wallerian degeneration might be potential to shorten the period of nerve
regeneration after peripheral nerve injury [3].
Sox10 and Oct6 were discovered to be upstream positive transcriptional factors in
remyelination and form the backbone of myelination promoting network [15,16]. The major
target of them is Krox20 which can activate and induce expression of several meylination
genes, including the major structural myelin protein (Mpz) in peripheral nerve system [32]. In
addition, Sox10 is the most dominant protein in regulating Schwann cells development,
especially expressed at all stages of the Schwann cell lineage [33]. Therefore, Sox10 is
believed to be essential in initiation of myelination [34], throughout the myelination process
[35] and in myelinating sciatic nerve in vivo [12]. On the other hand, the negative
transcriptional factors such as c-Jun [36], Notch [16], Sox2 [37] are rapidly up-regulated
following injury and suppressed as myelination starts. Moreover, some potential negative
regulators, e.g. Pax-3 [38] and Id2 [39] posed paradoxically expression in myelination. The
relationship and interplay of above negative regulators is very limited and obscure. Therefore,
Sox10, Oct6 and MPZ were the main protein targets evaluated in this present study.
This in vivo study demonstrated the genetic deletion in either TLR2 or TLR4 can impact the
nerve regeneration after sciatic nerve crush injury with delayed expression of myelin protein
Mpz as well as the critical re-myelination transcription factors Oct6 and Sox10. In the Tlr4−/−
and Tlr2−/− mice, there was an average 4-day delay in the expression of Mpz and Oct6
proteins and a 7-day delay in expression of Sox10 protein. With an average 4-day delay in the
demyelination process, the subsequent complete formation of Mpz was delayed for 4 days.
The 4-day delay expression of Oct6 may be also attributed to the 4-day delay of the
demyelination process. Although there was a 7-day delay in activation and expression of
Sox10 protein, there was no further impact had been found on the formation of Mpz during
the remyelination.

Conclusions
In sum, our data implied that the impaired nerve regeneration was mainly attributed to the
delayed demyelination process in the Tlr4−/− and Tlr2−/− mice; however, the orchestrated
interplay between positive and negative transcription factors to regulate proteins of
myelination is much complicated and needs more studies to elucidate the mechanisms and net
effect.

Competing interests
The authors declare no potential conflict of interests.

Authors’ contributions
SCW was responsible for the writing of the manuscript. CSR contributed to the design of
animal study. THL and SLT participated in the animal surgery and acquisition of the study
specimens. CJW participated in the nerve quantitative histomorphometric analysis. YCW and
YCC were involved in the Western blot experiment. CHH contributed to the design of animal
study and analysis and acquisition of all data. All authors read and approved the final
manuscript.

Acknowledgements
The work was supported by Chang Gung Memorial Hospital (grant CMRPG8A0261,
CMRPG8A0262 & CMRPG8A0821 to CS Rau), Taiwan. We thank Daniel A. Hunter from
the Lab directed by Susan E. Mackinnon in Washington University School of Medicine for
his help in setting up the facility for the quantitative histomorphometric analysis of the
peripheral nerve specimens.

References
1. Kobayashi J, Mackinnon SE, Watanabe O, Ball DJ, Gu XM, Hunter DA, Kuzon WM Jr:
The effect of duration of muscle denervation on functional recovery in the rat model.
Muscle Nerve 1997, 20(7):858–866.
2. Lee M, Doolabh VB, Mackinnon SE, Jost S: FK506 promotes functional recovery in
crushed rat sciatic nerve. Muscle Nerve 2000, 23(4):633–640.
3. Rotshenker S: Wallerian degeneration: the innate-immune response to traumatic
nerve injury. J Neuroinflammation 2011, 8:109.
4. Fu SY, Gordon T: The cellular and molecular basis of peripheral nerve regeneration.
Mol Neurobiol 1997, 14(1–2):67–116.
5. Taskinen HS, Roytta M: Increased expression of chemokines (MCP-1, MIP-1alpha,
RANTES) after peripheral nerve transection. J Peripher Nerv Syst 2000, 5(2):75–81.
6. Perrin FE, Lacroix S, Aviles-Trigueros M, David S: Involvement of monocyte
chemoattractant protein-1, macrophage inflammatory protein-1alpha and interleukin1beta in Wallerian degeneration. Brain 2005, 128(Pt 4):854–866.
7. Siebert H, Sachse A, Kuziel WA, Maeda N, Bruck W: The chemokine receptor CCR2 is
involved in macrophage recruitment to the injured peripheral nervous system. J
Neuroimmunol 2000, 110(1–2):177–185.
8. Liefner M, Siebert H, Sachse T, Michel U, Kollias G, Bruck W: The role of TNF-alpha
during Wallerian degeneration. J Neuroimmunol 2000, 108(1–2):147–152.
9. Boivin A, Pineau I, Barrette B, Filali M, Vallieres N, Rivest S, Lacroix S: Toll-like
receptor signaling is critical for Wallerian degeneration and functional recovery after
peripheral nerve injury. J Neurosci 2007, 27(46):12565–12576.
10. Snyder AK, Fox IK, Nichols CM, Rickman SR, Hunter DA, Tung TH, Mackinnon SE:
Neuroregenerative effects of preinjury FK-506 administration. Plast Reconstr Surg 2006,
118(2):360–367.
11. Jones EA, Jang SW, Mager GM, Chang LW, Srinivasan R, Gokey NG, Ward RM,
Nagarajan R, Svaren J: Interactions of Sox10 and Egr2 in myelin gene regulation. Neuron
Glia Biol 2007, 3(4):377–387.

12. LeBlanc SE, Ward RM, Svaren J: Neuropathy-associated Egr2 mutants disrupt
cooperative activation of myelin protein zero by Egr2 and Sox10. Mol Cell Biol 2007,
27(9):3521–3529.
13. Jang SW, Svaren J: Induction of myelin protein zero by early growth response 2
through upstream and intragenic elements. J Biol Chem 2009, 284(30):20111–20120.
14. Jagalur NB, Ghazvini M, Mandemakers W, Driegen S, Maas A, Jones EA, Jaegle M,
Grosveld F, Svaren J, Meijer D: Functional dissection of the Oct6 Schwann cell enhancer
reveals an essential role for dimeric Sox10 binding. J Neurosci 2011, 31(23):8585–8594.
15. Svaren J, Meijer D: The molecular machinery of myelin gene transcription in
Schwann cells. Glia 2008, 56(14):1541–1551.
16. Jessen KR, Mirsky R: Negative regulation of myelination: relevance for development,
injury, and demyelinating disease. Glia 2008, 56(14):1552–1565.
17. Bremer M, Frob F, Kichko T, Reeh P, Tamm ER, Suter U, Wegner M: Sox10 is required
for Schwann-cell homeostasis and myelin maintenance in the adult peripheral nerve.
Glia 2011, 59(7):1022–1032.
18. Medzhitov R: Toll-like receptors and innate immunity. Nat Rev Immunol 2001,
1(2):135–145.
19. Kawai T, Akira S: The role of pattern-recognition receptors in innate immunity:
update on Toll-like receptors. Nat Immunol 2010, 11(5):373–384.
20. Matzinger P: The danger model: a renewed sense of self. Science 2002,
296(5566):301–305.
21. Beg AA: Endogenous ligands of Toll-like receptors: implications for regulating
inflammatory and immune responses. Trends Immunol 2002, 23(11):509–512.
22. Goethals S, Ydens E, Timmerman V, Janssens S: Toll-like receptor expression in the
peripheral nerve. Glia 2010, 58(14):1701–1709.
23. Kim D, Lee S, Lee SJ: Toll-like receptors in peripheral nerve injury and neuropathic
pain. Curr Top Microbiol Immunol 2009, 336:169–186.
24. Hunter DA, Moradzadeh A, Whitlock EL, Brenner MJ, Myckatyn TM, Wei CH, Tung
TH, Mackinnon SE: Binary imaging analysis for comprehensive quantitative
histomorphometry of peripheral nerve. J Neurosci Methods 2007, 166(1):116–124.
25. Fernandez-Valle C, Bunge RP, Bunge MB: Schwann cells degrade myelin and
proliferate in the absence of macrophages: evidence from in vitro studies of Wallerian
degeneration. J Neurocytol 1995, 24(9):667–679.
26. Rotshenker S: Microglia and macrophage activation and the regulation of
complement-receptor-3 (CR3/MAC-1)-mediated myelin phagocytosis in injury and
disease. J Mol Neurosci 2003, 21(1):65–72.

27. Reichert F, Saada A, Rotshenker S: Peripheral nerve injury induces Schwann cells to
express two macrophage phenotypes: phagocytosis and the galactose-specific lectin
MAC-2. J Neurosci 1994, 14(5 Pt 2):3231–3245.
28. Perry VH, Tsao JW, Fearn S, Brown MC: Radiation-induced reductions in
macrophage recruitment have only slight effects on myelin degeneration in sectioned
peripheral nerves of mice. Eur J Neurosci 1995, 7(2):271–280.
29. Karanth S, Yang G, Yeh J, Richardson PM: Nature of signals that initiate the immune
response during Wallerian degeneration of peripheral nerves. Exp Neurol 2006,
202(1):161–166.
30. Lee H, Jo EK, Choi SY, Oh SB, Park K, Kim JS, Lee SJ: Necrotic neuronal cells induce
inflammatory Schwann cell activation via TLR2 and TLR3: implication in Wallerian
degeneration. Biochem Biophys Res Commun 2006, 350(3):742–747.
31. Takeda K, Kaisho T, Akira S: Toll-like receptors. Annu Rev Immunol 2003, 21:335–376.
32. Garbay B, Heape AM, Sargueil F, Cassagne C: Myelin synthesis in the peripheral
nervous system. Prog Neurobiol 2000, 61(3):267–304.
33. Jaegle M, Ghazvini M, Mandemakers W, Piirsoo M, Driegen S, Levavasseur F,
Raghoenath S, Grosveld F, Meijer D: The POU proteins Brn-2 and Oct-6 share important
functions in Schwann cell development. Genes Dev 2003, 17(11):1380–1391.
34. Inoue K, Khajavi M, Ohyama T, Hirabayashi S, Wilson J, Reggin JD, Mancias P, Butler
IJ, Wilkinson MF, Wegner M, et al: Molecular mechanism for distinct neurological
phenotypes conveyed by allelic truncating mutations. Nat Genet 2004, 36(4):361–369.
35. Denarier E, Forghani R, Farhadi HF, Dib S, Dionne N, Friedman HC, Lepage P, Hudson
TJ, Drouin R, Peterson A: Functional organization of a Schwann cell enhancer. J Neurosci
2005, 25(48):11210–11217.
36. Parkinson DB, Bhaskaran A, Arthur-Farraj P, Noon LA, Woodhoo A, Lloyd AC, Feltri
ML, Wrabetz L, Behrens A, Mirsky R, et al: c-Jun is a negative regulator of myelination. J
Cell Biol 2008, 181(4):625–637.
37. Le N, Nagarajan R, Wang JY, Araki T, Schmidt RE, Milbrandt J: Analysis of congenital
hypomyelinating Egr2Lo/Lo nerves identifies Sox2 as an inhibitor of Schwann cell
differentiation and myelination. Proc Natl Acad Sci USA 2005, 102(7):2596–2601.
38. Leblanc SE, Srinivasan R, Ferri C, Mager GM, Gillian-Daniel AL, Wrabetz L, Svaren J:
Regulation of cholesterol/lipid biosynthetic genes by Egr2/Krox20 during peripheral
nerve myelination. J Neurochem 2005, 93(3):737–748.
39. Thatikunta P, Qin W, Christy BA, Tennekoon GI, Rutkowski JL: Reciprocal Id
expression and myelin gene regulation in Schwann cells. Mol Cell Neurosci 1999,
14(6):519–528.

Figure 1

