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Abstract 
Protein kinase signal-transduction pathways play critical roles in regulating nociception. The c-kit receptor contributes to pain regulation in 
the spinal cord and is present on both peripheral and central terminals. Expression of c-kit was demonstrated in human trigeminal and spinal 
ganglia. However, the brainstem expression of c-kit was overlooked. We aimed to evaluate it by immunohistochemistry, on eight samples 
of human lower medulla oblongata. We used two clones of CD117/c-kit antibodies, from different manufacturers, and neurofilament antibodies. 
Positive expression of CD117/c-kit was found within the spinal trigeminal nucleus, the gracilis, cuneate, and lateral cuneate nuclei, and within 
the olivary complex. CD117/c-kit positive interstitial networks of these nuclei were positively labeled with neurofilaments. CD117/c-kit labeled 
the olivary neurons, but not the magnocellular neurons of the trigeminal, gracilis and cuneate nuclei. c-kit interstitial systems of brainstem 
could play so an important role for the functional status along the somatosensory neural circuits. 
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 Introduction 

Protein kinase signal-transduction pathways play critical 
roles in regulating nociception [1]. c-kit can be grouped 
with a small family of receptor tyrosine kinases, including 
c-Ret and TrkA, that control the transduction properties 
of sensory neurons [2]. 

The c-kit ligand is the stem cell factor (SFC) which is 
expressed as a glycosylated transmembrane protein [3]. 
Together with its ligand, c-kit is a key controlling receptor 
for a number of cell types, including hematopoietic stem 
cells, mast cells, melanocytes and germ cells [3]. It is also 
recognized that c-kit labels interstitial cells of Cajal [4–8], 
and a newly described type of stromal cells, the telocytes 
[9–14]. CD117/c-kit also labels neural and glial cells [15–
17]. Macrophages and dendritic cells may take up the  
c-kit nonspecifically [18]. 

It was shown that neurons and a subset of interstitial 
cells of Cajal in the enteric nervous system highly express 
STAM2 gene: STAM2 immunostaining was colocalized 
with neuronal markers and with c-kit [19]. 

CD117/c-kit positive cells were identified within the 
human adult trigeminal ganglion [20] and it seemed that 
these cells could be the key element to support the 
ignition hypothesis of Rappaport ZH and Devor M [21] who 
considered that “something must be synchronizing activity 
in large numbers of trigeminal ganglion neurons” [22]. 

Ramon y Cajal described neurons, which he named 
“interstitial cells”, in the spinal trigeminal nucleus [23], 
which is related to nociceptive signal transmission [24]. 
We aimed to check whether or not the interstitial neurons 
of Cajal express CD117/c-kit, and thus, a distinctive 
signaling, or firing, pathway can be postulated along the 
trigeminal circuits. We did not find any previous reports 
on the c-kit expression in the human brainstem. 

 Materials and Methods 

Autopsy samples of brainstem – medulla oblongata – 
were obtained from eight human adult cadavers (aged 47 
to 68 years, with a sex ratio of 1:1). The cause of death was 
traumatic, the patients were negative for neurodegenerative 
disorders, and the bodies were refrigerated before necropsies. 
Sampling was conducted in accordance with the Romanian 
law regarding procedural norms for medical legal expertises 
No. 1134/C/25/05.2000 (Ministry of Justice), and No. 
255/4.4.2000 of the Ministry of Health, Art. 42 regarding 
the ethics of autopsy practice, and the Ethical Code of the 
Romanian College Board regarding the scientific use of 
medical cases. 

Samples were formalin-fixed and paraffin-embedded, 
and were then cut at 3 μm, and stained with Hematoxylin–
Eosin to assess the general histology of the tissues. All 
sections were made below the level of obex. 
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For immunohistochemistry (paraffin), two different 
clones of primary anti-CD117/c-kit antibodies were used 
concomitantly: (a) clone Y145, Biocare Medical PME 
296 AA, Biocare Medical, Concord, CA, USA, 1:100; 
(b) clone T595, Novocastra–Leica NCL-L-CD117, Leica 
Biosystems Newcastle Ltd., Newcastle Upon Tyne, UK, 
1:20. We also used anti-neurofilament primary antibodies 
(clone 2F11, Dako, Glostrup Denmark, 1:50). 

For the Biocare Medical anti-CD117/c-kit antibody 
the sections were deparaffinized in “Slide bright” and a 
descending series of alcohol rinses (6 minutes each), and 
then rehydrated in distilled water. Endogenous peroxidase was 
blocked with 3% H2O2 10 minutes at room temperature (RT). 
This procedure was followed by: (a) Heat Retrieval Method: 
sections were retrieved under pressure using Biocare’s 
Decloaking Chamber, followed by a wash in distilled water; 
(b) Protein Block: incubation for 10–15 minutes at RT 
with Biocare’s Background Sniper; (c) incubation with the 
primary antibodies for 30 minutes at RT; (d) Polymer: 
incubate for 30 minutes at RT with a Polymer (Biocare’s 
MACH 4 detection system); (e) Incubation for 5 minutes at 
RT with Biocare’s DAB, followed by counterstaining with 
Hematoxylin; (f) TBS buffer was used for washing steps. 

For the Novocastra–Leica anti-CD117/c-kit and for 

the Dako anti-neurofilaments antibodies, sections were 
deparaffinized, rehydrated and rinsed in PBS at pH 7.4. 
Retrieval by cooking in specific buffer was completed with 
0.01 M citrate retrieval solution, pH 6. The standard ABC 
technique used a DAB protocol. Appropriate endogenous 
blocking peroxidase was completed before immunolabeling 
(0.1% BSA in PBS). Sections incubated with non-
immune serum served as negative controls. Sections were 
counterstained with Hematoxylin. 

The microscopic slides were analyzed and micrographs 
were taken and scaled using a Zeiss working station: 
AxioImager M1 microscope with an AxioCam HRc camera 
and AxioVision digital image processing software (Carl 
Zeiss, Oberkochen, Germany). 

 Results 

Within the medulla oblongata, both clones of CD117/c-kit 
labeled in a similar fashion the caudal subnucleus of the 
spinal trigeminal nucleus (STN), the lateral cuneate nucleus 
(Figure 1), the gracilis and medial cuneate nuclei (Figure 2), 
and the olivary complex (the medial accessory olivary nucleus 
and the ventral arm of the main olivary nucleus) (Figure 3). 
 

 

Figure 1 – Transverse cut of the lower medulla oblongata. 
CD117/c-kit expression is identified within the spinal 
trigeminal nucleus (*) and the lateral cuneate nucleus 
(arrow). 

Figure 2 – Transverse cut of the lower medulla oblongata. 
The gracilis (G) and cuneate (C) nuclei display immune 
positivity for CD117/c-kit. 

 

 
Figure 3 – Transverse cut of the lower medulla 
oblongata. CD117/c-kit is expressed dorsally to the 
pyramidal tract (P), in the medial accessory olivary 
nucleus (arrows) and the ventral arm of the main 
olivary nucleus (arrowhead). 

In somatosensory nuclei, CD117/c-kit had labeled the 
neuropil and the interstitial cells, but not the magnocellular 
neurons (Figure 4). Neurofilament labeling (Figure 5) on 
successive slides confirmed the interstitial networks we 
identified as being built up by interstitial neurons. 

Within the spinal trigeminal nucleus (subnucleus 
caudalis) CD117/c-kit labeled a well-represented interstitial 
network and multipolar cells of small size that were closely 
related either with neurons, or with nuclear microvessels 
(Figure 4). Immune negative magnocellular neurons 
were placed in the mesh network. CD117/c-kit positive 
cells prolongations were contacting somata or axons  
of mangocellular neurons. The CD117/c-kit positive 
interstitial neurons had dichotomous and varicose 
prolongations. Similar networks and interstitial neurons, 
c-kit positive, were found also in the gracilis and cuneate 
nuclei. The preferred perimicrovascular course of the c-kit 
positive fibers was also noticed at this level. In olivary 
nuclei, CD117/c-kit labeled both neurons and neuropil. 
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Figure 4 – Transverse cut of the lower medulla oblongata. 
(A) In the dorso-lateral region of the spinal trigeminal nucleus, 
the CD117/c-kit expression is identified for neuropil (arrows) 
and perineuronal interstitial cells (arrowhead), but not for the 
second-order neurons (*). (B) Perivascular CD117/c-kit positive 
interstitial cells (arrows) contact blood vessels (bv) of the spinal 
trigeminal nucleus. (C) A perineuronal CD117/c-kit positive 
interstitial cell (arrow) sends off long and dichotomizing 
prolongations that surround an immune negative magnocellular 
neuron of the spinal trigeminal nucleus. (D and E) CD117/c-kit 
positive fibers (arrows) contact bodies and axons of immune 
negative magnocellular neurons of the lateral trigeminal-
cuneate nucleus. 

 

 
Figure 5 – Transverse cut of the spinal trigeminal tract 
(*) and nucleus. Neurofilament antibodies positively 
label the interstitial networks and cells. 

 Discussion 

The c-kit phenotype was not previously researched 
in the human brainstem. However, in mice, c-kit positive 
nerve fibers were found in the trigeminal tract, medial 
lemniscus, spinothalamic tract, and superior colliculus; 
in addition, c-kit-positive cell bodies were found in the 
area postrema (mainly glia) and accessory olivary nuclei 
(mainly neurons) [16]. Therefore, our results regarding 
c-kit expression within the olivary nuclei are supported by 
comparative morphology. However, our study presents 
for the first time evidence of c-kit expression in somato-
sensory nuclei of medulla oblongata. 

Protein kinase signal-transduction pathways play critical 
roles in regulating nociception [1]. The c-kit receptor 
and its ligand, the Stem Cell Factor (SCF), contribute to 
pain regulation in the spinal cord; SCF is crucial for 
neurite outgrowth in the dorsal root ganglia explants, 
and the c-kit receptor is present on both peripheral and 
central terminals; the involvement of the SCF/c-kit 
receptor pathway was suggested in the acute phase of 
many pain conditions and, possibly, in the late phase of 
recovery from nerve injury [17]. 

It was proven in mice that c-kit is expressed in lamina I 
and II layer of the dorsal horn and while the superficial 

c-kit positive fibers in lamina I originate from the dorsal 
root ganglia, c-kit in lamina II comes from the intrinsic 
expression of the spinal cord [1]. We previously identified 
in humans c-kit positive neurons within the trigeminal 
and spinal ganglia [20] and we proved here the c-kit 
expression in the caudal subnucleus of the human STN, 
which is the corresponding structure in the medulla 
oblongata of the spinal lamina II. 

In migraine, sensitization occurs not only in the primary 
afferent neurons but also in second-order neurons in the 
trigeminal subnucleus caudalis [25]. The mechanisms of 
the second-order neurons sensitization in migraine are 
consistently unexplored [26] but we strongly presume 
that c-kit and its ligand could play a major role. The 
actor to be considered is the interstitial system of the 
spinal trigeminal tract, which consists of (1) scattered 
interstitial cells and neuropil within the spinal trigeminal 
nucleus (2) the dorsal paramarginal nucleus (3) a trigeminal 
extension of the parvocellular reticular formation (4) the 
paratrigeminal nucleus and (5) the lateral trigeminal-
cuneate nucleus [27]. 

Arguments can be brought for a role of the trigeminal 
c-kit pathway in nociception. However, this may not be  
exclusive. As we have also identified c-kit positive 
interstitial labeling within the gracilis and cuneate nuclei, 
the c-kit modulation could also be related to the central 
transmission of non-nociceptive stimuli. 

 Conclusions 

c-kit interstitial systems could play an important role 
for the functional status along the somatosensory neural 
circuits. This role should be further evaluated. Anti-c-kit 
agents could be tested, and used to modulate the somato-
sensory transmission, especially nociception, centrally and 
peripherally. 

Acknowledgments 
This paper was supported (author #2) by the Sectoral 

Operational Programme Human Resources Development 
(SOP HRD), financed from the European Social Fund 
and by the Romanian Government under the contract 
number POSDRU/89/1.5/S/64109. 

All authors have equally contributed to this study. 



Elena Pop et al. 

 

724 

References 
[1] Sun YG, Gracias NG, Drobish JK, Vasko MR, Gereau RW, 

Chen ZF, The c-kit signaling pathway is involved in the 
development of persistent pain, Pain, 2009, 144(1–2):178–186. 

[2] Milenkovic N, Frahm C, Gassmann M, Griffel C, Erdmann B, 
Birchmeier C, Lewin GR, Garratt AN, Nociceptive tuning by 
stem cell factor/c-Kit signaling, Neuron, 2007, 56(5):893–906. 

[3] Rönnstrand L, Signal transduction via the stem cell factor 
receptor/c-Kit, Cell Mol Life Sci, 2004, 61(19–20):2535–2548. 

[4] Huizinga JD, Berezin I, Chorneyko K, Thuneberg L, Sircar K, 
Hewlett BR, Riddell RH, Kindblom LG, Meis-Kindblom JM, 
Interstitial cells of Cajal: pacemaker cells? Am J Pathol, 1998, 
153(6):2008–2011. 

[5] Streutker CJ, Huizinga JD, Campbell F, Ho J, Riddell RH, 
Loss of CD117 (c-kit)- and CD34-positive ICC and associated 
CD34-positive fibroblasts defines a subpopulation of chronic 
intestinal pseudo-obstruction, Am J Surg Pathol, 2003, 27(2): 
228–235. 

[6] Huizinga JD, Faussone-Pellegrini MS, About the presence 
of interstitial cells of Cajal outside the musculature of the 
gastrointestinal tract, J Cell Mol Med, 2005, 9(2):468–473. 

[7] Streutker CJ, Huizinga JD, Driman DK, Riddell RH, Interstitial 
cells of Cajal in health and disease. Part I: Normal ICC 
structure and function with associated motility disorders, 
Histopathology, 2007, 50(2):176–189. 

[8] Rusu MC, Pop F, Hostiuc S, Curcă GC, Streinu-Cercel A, 
Extrahepatic and intrahepatic human portal interstitial Cajal 
cells, Anat Rec (Hoboken), 2011, 294(8):1382–1392. 

[9] Popescu LM, Faussone-Pellegrini MS, TELOCYTES – a case 
of serendipity: the winding way from Interstitial Cells of Cajal 
(ICC), via Interstitial Cajal-Like Cells (ICLC) to TELOCYTES, 
J Cell Mol Med, 2010, 14(4):729–740. 

[10] Suciu L, Popescu LM, Gherghiceanu M, Regalia T, Nicolescu MI, 
Hinescu ME, Faussone-Pellegrini MS, Telocytes in human 
term placenta: morphology and phenotype, Cells Tissues 
Organs, 2010, 192(5):325–339. 

[11] Popescu LM, Gherghiceanu M, Suciu LC, Manole CG, 
Hinescu ME, Telocytes and putative stem cells in the lungs: 
electron microscopy, electron tomography and laser scanning 
microscopy, Cell Tissue Res, 2011, 345(3):391–403. 

[12] Nicolescu MI, Bucur A, Dinca O, Rusu MC, Popescu LM, 
Telocytes in parotid glands, Anat Rec (Hoboken), 2012, 
295(3):378–385. 

[13] Rusu MC, Nicolescu MI, Jianu AM, Lighezan R, Mănoiu VS, 
Păduraru D, Esophageal telocytes and hybrid morphologies, 
Cell Biol Int, 2012, 36(12):1079–1088. 

[14] Rusu MC, Pop F, Hostiuc S, Curca GC, Jianu AM, 
Paduraru D, Telocytes form networks in normal cardiac 
tissues, Histol Histopathol, 2012, 27(6):807–816. 

[15] Hirata T, Kasugai T, Morii E, Hirota S, Nomura S, Fujisawa H, 
Kitamura Y, Characterization of c-kit-positive neurons in the 
dorsal root ganglion of mouse, Brain Res Dev Brain Res, 1995, 
85(2):201–211. 

[16] Zhang SC, Fedoroff S, Cellular localization of stem cell factor 
and c-kit receptor in the mouse nervous system, J Neurosci 
Res, 1997, 47(1):1–15. 

[17] Takagi K, Okuda-Ashitaka E, Mabuchi T, Katano T, Ohnishi T, 
Matsumura S, Ohnaka M, Kaneko S, Abe T, Hirata T, 
Fujiwara S, Minami T, Ito S, Involvement of stem cell factor 
and its receptor tyrosine kinase c-kit in pain regulation, 
Neuroscience, 2008, 153(4):1278–1288. 

[18] Chen H, Redelman D, Ro S, Ward SM, Ordög T, Sanders KM, 
Selective labeling and isolation of functional classes of 
interstitial cells of Cajal of human and murine small intestine, 
Am J Physiol Cell Physiol, 2007, 292(1):C497–C507. 

[19] Kapuralin K, Van Ginneken C, Curlin M, Timmermans JP, 
Gajovic S, Neurons and a subset of interstitial cells of Cajal 
in the enteric nervous system highly express Stam2 gene, 
Anat Rec (Hoboken), 2012, 295(1):113–120. 

[20] Rusu MC, Pop F, Hostiuc S, Dermengiu D, Lală AI, Ion DA, 
Mănoiu VS, Mirancea N, The human trigeminal ganglion:  
c-kit positive neurons and interstitial cells, Ann Anat, 2011, 
193(5):403–411. 

[21] Rappaport ZH, Devor M, Trigeminal neuralgia: the role of 
self-sustaining discharge in the trigeminal ganglion, Pain, 
1994, 56(2):127–138. 

[22] Devor M, Amir R, Rappaport ZH, Pathophysiology of trigeminal 
neuralgia: the ignition hypothesis, Clin J Pain, 2002, 18(1):4–13. 

[23] Ramón y Cajal S, Histology of the nervous system of man 
and vertebrates, Oxford University Press, New York, 1995. 

[24] Rusu MC, The spinal trigeminal nucleus – considerations on 
the structure of the nucleus caudalis, Folia Morphol (Warsz), 
2004, 63(3):325–328. 

[25] Burstein R, Deconstructing migraine headache into peripheral 
and central sensitization, Pain, 2001, 89(2–3):107–110. 

[26] Meng ID, Cao L, From migraine to chronic daily headache: 
the biological basis of headache transformation, Headache, 
2007, 47(8):1251–1258. 

[27] Phelan KD, Falls WM, The interstitial system of the spinal 
trigeminal tract in the rat: anatomical evidence for morphological 
and functional heterogeneity, Somatosens Mot Res, 1989, 
6(4):367–399. 

 
 
 
 
 
 
Corresponding author 
Mugurel Constantin Rusu, Associate Professor, MD, PhD, Dr. Hab., Discipline of Anatomy, Faculty of Dental Medicine, 
“Carol Davila” University of Medicine and Pharmacy, 8 Eroilor Sanitari Avenue, 050474 Bucharest, Romania; Phone 
+40722–363 705, e-mail: anatomon@gmail.com 
 
 
 
 
 
 
Received: April 10, 2013 

Accepted: September 30, 2013 
 
 


