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Abstract: 

 

Background: Glial cell line-derived neurotrophic factor (GDNF), produced by basal cell 

keratinocytes, is a neurotrophic factor that plays diverse developmental roles and together with its 

cognate receptor (GFR Rα-1) are distal members of the transforming growth factor- β super 

family. To date, their expression pattern in lichen planus is still unknown. Objectives: To 

investigate the immunohis to chemical expression patterns of GDNF and its cognate receptor 

(GFRα-1) in lichen planus and compare the results with the normal skin from healthy controls. 

Patients and Methods:Twenty patients with lichen planus were examined in addition to twenty 

age and sex matched healthy subjects (the control group). Punch biopsies from lesional and 

normal healthy skin were performed. Sections were examined using immunohis to chemical 

staining methods for GDNF and GFRα-1proteins expression patterns expression analysis. 

Results: There was strong GDNF protein expression in the basal cell keratinocytes and moderate 

gene expression in the spinous layer and weak gene expression in the granular layer of the healthy 

skin. In contrast, in lichen planus, GDNF protein expression was absent in the basal cell 

keratinocytes and lower reaches of the spinous layer. Weak gene expression was noted in the 

upper reaches of the epidermis. In both healthy and lichen planus skins, the expression of GFRα-

1in the adnesal structures showed no differences.Conclusion: The altered GDNF protein 

expression may contribute to the pathogenesis of lichen planus. 
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1 Introduction: 

 

Lichen planus is an inflammatory, severely 

pruritic disease characterized by distinictive 

papulosquamous lesions with violaceous color, 

polygonal shape, commonly found on the flexor 

surfaces of the upper extrimities. It may be 

accompanied by oral and genital mucous 

membrane affection. The disease affects less 

than 1% of the adult population [1].Germ cell 
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line-derived neurotrophic factor (GDNF) 

belongs to a family of neurotrophic factor, the 

GDNF family, which is closely related to the 

transforming growth factor-beta (TGF- β) 

superfamily [2-4]. GDNF family ligands were 

originally discovered in the nervous system as 

potent survival factor for embryonic and adult 

central dopaminergic, noradrenergic and motor 

neurons as well as a variety of peripheral 

neurons [5].In the skin, GDNF has important 

roles in the development and maintenance of 

skin, nerve fibers, hair growth and hair follicle 

cycling [6, 7]. GDNF-1 is produced by many 

cell types including epidermal keratinocytes 

and is considered as one of the keratinocytes-

derived cytokines[8].There is an abnormal 

TGF-β signal transduction in CD8+Tcells of 

oral lichen planus, which may contribute to the 

persistence of the chronic inflammation in the 

disease [9].So, neurotrophic factors such as 

GDNF seem to have an important role in the 

homeostasis of the skin. 

To date the expression patterns of GDNF and 

its cognate receptor (GFRα-1) in lichen planus 

are unknown. To address this issue, we 

investigated the expression of GDNF protein in 

LP using immunohistochemical methods.   

 

2 Methods: 

 

2.1 Study Design and Patients Selection 

 

A cross sectional case-control study was carried 

out on20 patients with lichen planus, including 

13 males and 7 females. They were recruited 

from the Dermatology, Venereology and 

Andrology Outpatient Clinic at Sohag and 

Aswan University Hospitals, Egypt, after 

approval of university hospital ethical 

committee and in accordance to the guidelines 

of the Helsiniki declaration. In addition, 20 

healthy age and sex matched subjects selected 

as the control group. Prior to initiation of the 

study, every subject was informed about the 

aim of the study and gave a written consent. 

Patients with lichen planus (no mucosal 

lesions) who did not receive any treatment for 

at least three months were included in the 

study.with skin lesions only and those receiving 

immunosuppressive treatments were excluded 

from the study.  

 

2.2 Immunohistochemical Assays of GNDF and 

GFRα-1 Protein Expression Patterns 
 

Punch skin biopsies were obtained from the 

lichen planus lesions of the patients and healthy 

controls (under local anesthesia, 

0.5%lidocaine). The samples were fixed in 

formalin and processed for paraffin sectioning 

and immunohistochemical studies at the 

laboratory of Biology and Zoology Department, 

Faculty of Science, Sohag University, Egypt.  

Paraffin sections were deparaffinized and 

hydrated then they were washed in TBS buffer 

(Tris buffer solution composed of Tris HCL: 

6.19 g, NaCL: 8.8 g, Aq. Dest.: 1000 ml at pH 

7.6) for further hydration. Subsequently, the 

slides were washed in TBS + 3.5 % H2O2, and 

then they were washed again in TBS buffer. 

Antigen retrieval was done using trypsin 

(dilution: 0.1% and duration of exposure, for 15 

min) [10, 11]. 

 

Then, sections were incubated in protein 

blocking agent. Primary antibodies (Rabbit 

polyclonal IgG anti-human GDNF antibody and 

Rabbit polyclonal IgG anti-human GFRα-1 

antibody, Sigma-Aldrich) were diluted (1:500) 

in TBS containing 2% normal serum (gout for 

both GDNF and GFRα-1, Sigma-Aldrich). The 

slides were incubated with 50μl of the primary 

antibody solution for 60 min at room 

temperature. 

 

The sections were then washed three times in 

TBS buffer for 5 minutes at room temperature 

and then incubated with 50μl of goat anti-rabbit 

secondary antibody (Secondary antibodies 

included biotinylated goat anti-rabbit antibody 

and biotinylated rabbit anti-goat antibody,  

Sigma-Aldrich) diluted 1:200 in TBS blocking 

buffer containing normal serum (gout serum for 

both GDNF and GFRα-1). After washing in 

TBS buffer (three times for 5min at room 

temperature), the detection system (peroxidase 

from horse raddish (Sigma-Aldrich) diluted at 

1:1000 in PBS (Phosphate buffer solution, pH 

6) buffer was added for 30 minutes at room 
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temperature.  The slides were examined, by two 

observers (Dr. Adly and Dr. Hussein), in 

agreement. GDNF and GFRα-1 protein 

expression appeared as diffuse cytoplasmic 

staining. The staining results were scored as 

negative, weak, moderate and strong staining, 

following previous studies [12-16]. 

 

3 Results: 

 

The mean age of the patients was 43.50±8 years 

and that control group was 40.60±10.11. In the 

healthy skin (control group), GDNF gene 

expression was strong in the basal cell 

keratinocytes and decreased gradually in the  

upper reaches of the epidermis (moderate 

expression in the spinous layer and weak 

reactivity in the granular cell layers). In 

contrast, in lichen planus skin GDNF gene 

expression was absent in the basal cell 

keratinocytes and lower reaches of the spinous 

layer. Weak gene expression was noted in the 

upper reaches of the epidermis. In both healthy 

and lichen planus skins, the gene expression of 

GFRα-1 was strong in the basal cell layer and 

moderate in the spinous layer and weak in the 

granular cell layer. The expression of GDNF 

and GFRα-1 genes was strong in the adnexa of 

both lesional and healthy skins (hair follicles, 

sweat and sebaceous glands) (Table 1 and 

Fig.1A, B, C, D, E &F). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Expression patterns of GDNF and GFR-alpha 1 proteins in the healthy and 

lichen planus skins. 

Aspects GFRα-1  proteins GDNF protein 

Healthy skin lichen planus skin Healthy skin lichen planus skin 
Basal cell Strong Strong Strong Negative 

Spinous cell Moderate Moderate Moderate Negative 

Granular cell Weak Weak Weak Weak 

Cornified 

layer 

Weak Weak Weak Weak 

Adnexal 

structures 

Strong Strong Strong Strong 

GDNF: Glial cell line-derived neurotrophic factor, GFR Rα-1: its cognate receptor  

 
Fig.1. Immunohistochemical expression of GDNF and GFRα-1 proteins in the healthy and lichen planus skins. 

In healthy skin, the expression of GDNF protein was strong (basal cell keratinocytes), moderate (spinous 

layer) and weak (granular cell layer) (A). In lichen planus skin, GDNF expression was absent in the basal and 

spinous layer and weak in the upper reaches of the epidermis (B). Strong GDNF expression in the adnexal 

structures in lichen planus skin (C). In both healthy and lichen planus skins, GFRα-1 protein expression was 

strong (basal cell keratinocytes and melanocytes), moderate (spinous and granular cell layers).  In both healthy 

and lichen planus skins, the expression of GDNF and GFRα-1 proteins was strong in the adnexal structures (D-

F). (D: dermis, HF: hair follicle,  SB:stratum basal, Sb G or  Seb G: sebaceous gland, SG=stratum granular) 
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4 Discussion: 

 

Here we report, for the first time, the 

expression pattern of GDNF and its congnate 

receptor GFRα-1 in lichen planus.In the healthy 

skin, the expression of GDNF and GFRα-1 by 

the epidermal keratinocytes and adnexal 

structuressuggests its possible roles in the 

keratinocytehomeostasis [13, 14, 17]. We found 

strong GDNF and GFRα-1 protein expression 

in the basal cell keratinocytes with gradual 

decrease towards the granular cell layer. These 

results are in accordance with those of Adly et 

al [13-15].This differential expression of 

GDNF suggests that its expression correlates 

with the degree of differentiation and 

keratinization of the keratinocytes [18].GDNF 

proteins represent distant members of the TGF-

β1 superfamily. The strong expression of 

GDNF and GFRα-1 in our study is in 

agreement with several studies indicating that 

the members of TGF-β1 superfamily are not 

only expressed but also involved in the control 

of keratinocyte proliferation and differentiation 

[19]. It is possible that GDNF and their 

receptors may operate as an additional neuronal 

signaling molecule regulating skin functions 

[20]. 

In lichen planus, we found loss of GDNF 

protein expression in the basal cell 

keratinocytes and moderate expression in the 

upper reaches of the epidermis. It is possible 

that the loss of GDNF protein expression in the 

basal cell keratinocytes may contribute to the 

mechanisms of apoptotic cell death (Civatte 

bodies) in these lesions. GDNF and other 

neurotrophic factors such as nerve growth 

factors promote cell survival by suppressing the 

intrinsic cellular apoptotic machinery [21, 22]. 

This occurs through binding of these 

neurotrophic factors to membrane receptors and 

by regulation of intracellular signaling 

molecules such as Bcl-2, TNF-a and sFas [6, 

23]. 

 

GDNF and its cognate receptor GFRα-1 are 

distal members of TGF-β superfamily. The 

down-regulation of GDNF in lichen planus as 

revealed by our study are in agreement with 

expression pattern of TGF-β1 in the lichen 

planus [24].El-Rebery et al [25] evaluated the 

possible role of TGF-β1 in the pathogenesis of 

lichen planus. TGF-β1 was analyzed in skin 

biopsies of patients with lichen planus and 

healthy skin (control). TGF-β1was expressed in 

keratinocytes of 70% of the control group and 

48% of lichen planus cases with a significant 

difference in intensities of TGF-β1 protein 

expression. The authors concluded that the 

down regulation of TGF-β1expression in lichen 

planus may participate in immune 

dysregulation of the disease. Taghavi et al 24 

examined the serum levels of TNF α-1and 

TGF-β in patients with oral lichen planus.  

There was a significant decrease in the serum 

levels of TGF-β1and a significant increase in 

the serum levels of TNF- α-1 in patients with 

oral lichen planus [26]. 

 

GDNF is a neurotrophic factor functioning 

mainly in the nervous system [27].It has 

important roles in the development and 

maintenance of skin nerve fibers [28, 29]. 

GDNF binds to a specific co-receptor GFRα-1, 

leading to the formation of a heterotetramer 

complex, which then interacts with receptor 

tyrosine kinase RET (the signaling receptor). 

Ongoing studies continue to uncover potential 

new roles for the components of the 

neurosensory system in skin homeostasis and 

disease states. As our understanding of the 

interactions among the cutaneous neurosensory 

system and the various components of the skin 

and the immune system in times of health and 

disease increases, specific treatments 

modulating the neurocutaneous system will find 

their way into the armamentarium of daily 

dermatologic therapy [30]. 

In conclusion, herein we report the expression 

pattern of GDNF and GFRα-1 in lichen planus 

skin. As the pathogenesis of lichen planus is 

related to apoptosis of the basal cell 

keratinocytes, it is possible that the down 

regualtion of GDNF in lichen planus skin 

contributes to the development of these lesions. 

Our findings may have some therapeutic 

ramifications.  Our results suggest important 

roles for these proteins in the pathogenesis of 

lichen planus. Further studies are recommended 

to investigate the expression of these molecules 
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at the gene and mRNA levels. This will help 

the understanding of the pathogenesis of the 

disease and finding new lines for its treatment. 

 

References: 
 
[1] Katta R. Lichen planus. Am Fam Physician  2000; 61: 

3319-3324. 

[2] Trupp MN, Belluardo N, Funakoshi H, Ibáñez CF. 

Complementary and overlapping expression of glial cell 

line-derived neurotrophic factor (GDNF), c-ret proto-

oncogene, and GDNF receptor-alpha indicates multiple 

mechanisms of trophic actions in the adult rat CNS. J 

Neurosci 1997; 17: 3554-3367. 

[3] Golden JP, DeMaro JA, Osborne PA, Milbrandt J, Johnson 

EM.  "Expression of neurturin, GDNF, and GDNF 

family-receptor mRNA in the developing and mature 

mouse. Exp Neurol 1999; 158: 504-528. 

[4] Gordon T. The role of neurotrophic factors in nerve 

regeneration. Neurosurg Focus 2009; 26: 3. 

[5] Christopher AN, Andreas T, Eva L, Sven L, Christian H, 

Ingrid S et al. Cellular expression of GDNF mRNA 

suggests multiple functions inside and outside the nervous 

system. Cell Tissue Res 1996; 286: 191-207. 

[6] Botchkareva NV,  Botchkarev VA, Welker P, Airaksinen 

M,  Roth W,  Suvanto P et al.. New roles for glial cell 

line-derived neurotrophic factor and neurturin: 

involvement in hair cycle control. Am J Pathol 2000; 156: 

1041-53. 

[7] Adly M.A, Assaf HA, Pertile P, Hussein MR, Paus R. 

Expression patterns of the glial cell line-derived 

neurotrophic factor, neurturin, their cognate receptors 

GFRalpha-1, GFRalpha-2, and a common signal 

transduction element c-Ret in the human skin hair 

follicles. J Am Acad Dermatol 2008;58:238-250. 

[8] Martínez-Esparza M, Jiménez-Cervantes C, Beermann F, 

Aparicio P, Lozano JA, García-Borrón JC. Transforming 

growth factor-beta1 inhibits basal melanogenesis in 

B16/F10 mouse melanoma cells by increasing the rate of 

degradation of tyrosinase and tyrosinase-related protein-

1. J Biol Chem 1997; 272: 3967-3972. 

[9] Lei L, Yu M, Gao XU, Zhou XL, Zhan LH.  Expression of 

TGF-beta receptors in CD8+ T cells of oral lichen planus. 

Zhonghua Kou Qiang Yi Xue Za Zhi 2008; 43: 99-100. 

[10] Kashima K, Yokoyama S, Daa T, Nakayama I, Nickerson 

PA, Noguchi S. Cytoplasmic biotin-like activity interferes 

with immunohistochemical analysis of thyroid lesions: a 

comparison of antigen retrieval methods. Mod 

Pathol 1997; 10: 515-519. 

[11] Frost AR, Sparks D, Grizzle WE. Methods of antigen 

recovery vary in their usefulness in unmasking specific 

antigens in immunohistochemistry." Appl 

Immunohistochem Mol Morphol 2000; 8: 236-243. 

[12] Nolte C, Moos M , Schachner M. Immunolocalization of 

the neural cell adhesion molecule L1 in epithelia of 

rodents. Cell Tissue Res 1999; 298: 261-273. 

[13] Adly MA, Assaf HA, Nada EA, Soliman M, Hussein M. 

Expression of nerve growth factor and its high-affinity 

receptor, tyrosine kinase A proteins, in the human scalp 

skin." J Cutan Pathol 2006; 33: 559-568. 

[14] Adly MA, Assaf HA, Hussein MR, Paus R. Analysis of the 

expression pattern of glial cell line-derived neurotrophic 

factor, neurturin, their cognate receptors GFRalpha-1 and 

GFRalpha-2, and a common signal transduction element 

c-Ret in the human scalp skin. J Cutan Pathol 2006; 33: 

799-808. 

[15] Adly MA, Assaf HA, Pertile P, Hussein MR, Paus 

R.  Expression patterns of the glial cell line-derived 

neurotrophic factor, neurturin, their cognate receptors 

GFRalpha-1, GFRalpha-2, and a common signal 

transduction element c-Ret in the human skin hair 

follicles. J Am Acad Dermatol 2008;58:238-250. 

[16] Adly MA, Assaf HA, Hussein MR. Expression of Ras 

homologous B protein in the human scalp skin and hair 

follicles: hair follicle cycle stages-associated changes. J 

Cutan Pathol 2010; 37:751-757. 

[17] Anand P. Neurotrophic factors and their receptors in 

human sensory neuropathies. Prog Brain Res 2004; 

146:477-492. 

[18] Di Marco E, Mathor M, Bondanza S, Cutuli N., Marchisio 

PC, Cancedda R  et al. Nerve growth factor binds to 

normal human keratinocytes through high and low 

affinity receptors and stimulates their growth by a novel 

autocrine loop. J Biol Chem 1993; 268: 22838-22846. 

[19] Tang MJ, Worley D, Sanicola M, Dressler GR.  The RET-

glial cell-derived neurotrophic factor (GDNF) pathway 

stimulates migration and chemoattraction of epithelial 

cells. J Cell Biol 1998; 142: 1337-1345. 

[20] Airaksinen MS, Saarma, M. The GDNF family: signalling, 

biological functions and therapeutic value. Nat Rev 

Neurosci 2002; 3: 383-394. 

[21] Mamounas LA, Blue ME, Siuciak JA, Alta CA. Brain-

derived neurotrophic factor promotes the survival and 

sprouting of serotonergic axons in rat brain. J Neurosci 

1995; 15:, 7929-7939. 

[22] Pettmann B, Henderson EC. Neuronal cell death. Neuron 

1998; 20: 633-647. 

[23] Lu R, Zhang J, Sun W, Du G, Zhou G. Inflammation-

related cytokines in oral lichen planus: an overview. J 

Oral Pathol Med 2015; 44:1-14. 

[24] Taghavi ZA, Pouralibaba F, Babaloo Z, Mehdipour 

M, Jamali Z. Evaluation of Serum TNF-alpha and TGF-

beta in Patients with Oral Lichen Planus. J Dent Res Dent 

Clin Dent Prospects 2012; 6: 143-147. 

[25] El-Rebey HS, Maree AH, El-Salakawy S. 

Immunohistochemical Expression of TGF-beta1 in 

Lichen Planus. Appl Immunohistochem Mol Morphol 

2015; 23:422-429. 

[26] Sugerman PB, Savage NW, Walsh LJ, Seymour GJ. 

Disease mechanisms in oral lichen planus. A possible role 

for autoimmunity. Australas J Dermatol 1993;34: 63-69. 

[27] Bespalov MM, Sidorova YA, Tumova S,  Ahonen-

BishoppA,  Magalhães, AC,  Kulesskiy E et al. Heparan 

sulfate proteoglycan syndecan-3 is a novel receptor for 

GDNF, neurturin, and artemin. J Cell Biol 2011; 192: 

153-169. 

http://www.naturalspublishing.com/Journals.asp
https://www.ncbi.nlm.nih.gov/pubmed/?term=Belluardo%20N%5BAuthor%5D&cauthor=true&cauthor_uid=9133379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Funakoshi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=9133379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ib%C3%A1%C3%B1ez%20CF%5BAuthor%5D&cauthor=true&cauthor_uid=9133379
https://www.ncbi.nlm.nih.gov/pubmed/?term=Golden%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=10415156
https://www.ncbi.nlm.nih.gov/pubmed/?term=DeMaro%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=10415156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Osborne%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=10415156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Milbrandt%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10415156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20EM%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=10415156
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20EM%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=10415156
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
http://scicurve.com/paper/18683732
http://europepmc.org/search;jsessionid=T6zn0jv1L7CWsdjXJqMU.1?page=1&query=AUTH:%22Nolte+C%22
http://europepmc.org/search;jsessionid=T6zn0jv1L7CWsdjXJqMU.1?page=1&query=AUTH:%22Moos+M%22
http://europepmc.org/search;jsessionid=T6zn0jv1L7CWsdjXJqMU.1?page=1&query=AUTH:%22Schachner+M%22
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adly%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=17177940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Assaf%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=17177940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hussein%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=17177940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paus%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17177940
http://europepmc.org/search?page=1&query=AUTH:%22Adly+MA%22
http://europepmc.org/search?page=1&query=AUTH:%22Assaf+HA%22
http://europepmc.org/search?page=1&query=AUTH:%22Pertile+P%22
http://europepmc.org/search?page=1&query=AUTH:%22Hussein+MR%22
http://europepmc.org/search?page=1&query=AUTH:%22Paus+R%22
http://europepmc.org/search?page=1&query=AUTH:%22Paus+R%22
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mamounas%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=8613731
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blue%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=8613731
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siuciak%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=8613731
https://www.ncbi.nlm.nih.gov/pubmed/?term=Altar%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=8613731
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taghavi%20Zenouz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23277861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pouralibaba%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23277861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Babaloo%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=23277861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mehdipour%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23277861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mehdipour%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23277861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jamali%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=23277861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sugerman%20PB%5BAuthor%5D&cauthor=true&cauthor_uid=8311830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Savage%20NW%5BAuthor%5D&cauthor=true&cauthor_uid=8311830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walsh%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=8311830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seymour%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=8311830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bespalov%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=21200028
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sidorova%20YA%5BAuthor%5D&cauthor=true&cauthor_uid=21200028
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tumova%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21200028
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahonen-Bishopp%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21200028
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahonen-Bishopp%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21200028
https://www.ncbi.nlm.nih.gov/pubmed/?term=Magalh%26%23x000e3%3Bes%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=21200028
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kulesskiy%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21200028


 
102                             M. Adly et al: Immunohistochemical Expression Patterns of Glial Cell Line … 

© 2017 NSP 

Natural Sciences Publishing Cor. 

 

[28] Albers KM, Woodbury CJ, Ritter AM, Davis BM, Koerber 

HR. Glial cell-line-derived neurotrophic factor expression 

in skin alters the mechanical sensitivity of cutaneous 

nociceptors. J Neurosci 2006; 26, 2981-2990. 

[29] Schmutzler BS, Roy S, Hingtgen CM. Glial cell line-

derived neurotrophic factor family ligands enhance 

capsaicin-stimulated release of calcitonin gene-related 

peptide from sensory neurons. Neuroscience 2009; 161: 

148-156. 

[30] Legat FJCA, Armstrong CA,Ansel JC. The cutaneous 

neurosensory system in skin disease. Adv Dermatol 2002; 

18: 91-109. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Albers%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=16540576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woodbury%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=16540576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ritter%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=16540576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=16540576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koerber%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=16540576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koerber%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=16540576
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmutzler%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=19285119
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roy%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19285119
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hingtgen%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=19285119
http://europepmc.org/search?page=1&query=AUTH:%22Ansel+JC%22

