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Abstract

Background—Gangliogliomas (GGs) primary to brainstem are rare, with the overwhelming 

majority of GGs occurring in supratentorial, especially temporal lobe, locations. A less favorable 

prognosis exists for brainstem GGs, despite their usually-identical WHO grade I status. Few large 

clinical series, and limited biological information, exists on these tumors, especially gene 

expression.

Procedure—Seven pediatric brainstem GGs, all with classic histological features, seen at our 

institution since 2000 were identified. Frozen section material was available for gene expression 

microarray profiling from 5 of 7 brainstem GGs and compared with that from 3 non-brainstem 

pediatric GGs.

Results—Significant upregulation of a number of genes was identified, most of which were 

involved in pathways of embryogenesis, organogenesis, axis formation, and patterning. The single 

largest upregulated gene was a 256-fold increase in the expression of the neuropeptide 

prepronociceptin (PNOC); the protein product of this gene has been implicated in neuronal 

growth. Overexpression was validated by Western blot and by immunohistochemistry (IHC). 

Strong IHC expression of PNOC was seen in neoplastic neurons of 7/7 brainstem GGs, but was 

significantly weaker in non-brainstem GGs, and completely negative in normal pediatric autopsy 

brainstem controls.

Conclusions—PNOC IHC was often superior to IHC for NeuN, synaptophysin, or 

neurofilament for highlighting neoplastic neurons.
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INTRODUCTION

Gangliogliomas (GGs) are relatively uncommon mixed glial-neuronal neoplasms that 

account for approximately 0.5–2% of all central nervous system (CNS) tumors and 1–4% of 

pediatric CNS tumors [1]. Diagnosis occurs at a mean age of 22 years, with a slight male 

predominance [2]. GGs are virtually all low grade, World Health Organization (WHO) 

grade I neoplasms and only rarely exhibit high grade features (i.e., anaplastic GG, WHO 

grade III) [3]. Criteria for WHO grade II tumors have yet to be established and are not 

included in the 2007 WHO classification scheme [3].

As expected for a WHO grade I neoplasm, GGs are generally cited as having a relatively 

favorable prognosis [4], and usually treated by surgical excision alone, without adjuvant 

therapy. However, the overall favorable prognosis may be significantly influenced by the 

strong predilection for most GGs to occur in the temporal lobe (86%) [3], an anatomical site 

that lends itself to total or near-gross total surgical tumor resection. Other supratentorial 

regions are far less often affected, with involvement of the frontal lobe in only 7% of cases, 

parietal and occipital lobes in 3% of cases each, multiple lobes in 7%, and ‘other’ sites 

constituting 1% [3]. Brainstem GGs are included in these rare ‘other’ GGs, and thus, 

relatively few studies have been published on this entity [5–9].

Despite the paucity of reports on brainstem GGs, they appear to exhibit significantly 

different behavior from their supratentorial counterparts. A 1993 study by Lang and 

colleagues examining the clinical progression of 58 GG patients, reported that patients with 

GGs in brainstem had a shorter mean duration of symptoms (1.25 years) when compared to 

cerebral and spinal cord GGs (6 and 1.4 years, respectively) [10]. Following surgical 

resection of the tumor, only 78% of brainstem GG patients were alive at the time of follow-

up evaluation, compared to 89% and 87% for cerebral and spinal cord GG patients, 

respectively. Patients with brainstem GGs were also shown to have a significantly elevated 

risk of tumor recurrence or death, when compared to patients with both cerebral and spinal 

cord tumors [10].

It is unclear if the difference in outcome in brainstem GGs relates solely to the inability to 

achieve favorable anatomical resection or is due to true biological differences between 

brainstem and non-brainstem counterparts. Since the current outcome for brainstem GGs is 

less favorable than that for non-brainstem GGs, often chemotherapy and radiotherapy are 

necessary as adjuvant therapies. However, even with these standard adjuvant therapies, 

prognosis remains poorer than for supratentorial counterparts, suggesting that new 

therapeutic regimens may be required to improve prognosis. Targeted therapies would be 

particularly attractive, should potential candidates be identified.

We utilized gene expression microarray analyses to search for relevant overexpressed genes 

in this rare subset of GGs. After gene identification, the highest over-expressed gene, PNOC 
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(prepronociceptin) was confirmed for protein expression by Western blot and by 

immunohistochemistry analyses. We directly compared the utility of PNOC IHC with 

standard synaptophysin, NeuN, and anti-neurofilament IHC in diagnosing neoplastic 

neurons in brainstem GGs.

METHODS

Patient samples for brainstem GGs, non-brainstem GGs, and controls

Brainstem GG samples were obtained from seven children who presented to Children’s 

Hospital Colorado (Aurora, CO) between 2000 and 2009 incompliance with Colorado 

Multiple Institutional Review Board (COMIRB) regulations (Table I). Three of the patients 

were male and four were female ranging in age from 3–13 years (median 4 years). Most 

common presenting symptoms included features of brainstem involvement such as 

respiratory distress, soft voice, and weakness. After diagnosis of GG of the brainstem, 

patients were treated with radiation alone (1 case), or both chemotherapy and radiation (6 

cases) (see Table I). Three of the patients progressed following treatment, with a median 

time to progression of 11.5 months. All cases were classified as WHO grade I and 

manifested classic histological features of GG on light microscopy, with numerous 

cytologically-atypical neurons, low grade glial component, perivascular non-neoplastic 

lymphocytic cuffing, and variable numbers of eosinophilic granular bodies and Rosenthal 

fibers [3] (Fig. 1a). Although distinguishing true GGs from diffuse infiltrating astrocytomas 

of brainstem with entrapped non-neoplastic neurons can be diagnostically challenging on 

small biopsies in some cases, all 7 cases had had significant amounts of tissue resected for 

confident histological diagnosis. All manifested large numbers of neoplastic ganglion cells 

and the additional accompanying histological and immunohistochemical features seen in 

GGs and not diffuse astrocytomas.

For light microscopy, formalin-fixed, paraffin embedded tumor sections were cut at 5 

microns and stained with hematoxylin and eosin (H&E) and further immunostained for 

routine diagnostic immunohistochemical markers including MIB-1 (Dako Corporation, 

Carpinteria, CA, USA, monoclonal, 1:400 dilution, antigen retrieval), glial fibrillary acidic 

protein (GFAP; Dako Corporation, polyclonal, 1:2500, no antigen retrieval), synaptophysin 

(Biogenex, Fremont, CA, monoclonal, 1:50, no retrieval), anti-neurofilament (Cell Marque, 

Rocklin, CA, monoclonal, pre-diluted, antigen retrieval), and NeuN (Chemicon, Billerica, 

MA, monoclonal, 1:100, antigen retrieval).

The comparison cohort for PNOC immunohistochemistry studies consisted of 5 pediatric 

non-brainstem GGs from our institution (Supplemental Table I) and control brainstem 

sections from 5 pediatric autopsies in which the patients had succumbed to non-neurological 

causes. Ages and gender for the non-brainstem GGs utilized as the comparison cohort 

overlapped with those of the brainstem GG cohort and included a 2-year-old male with a left 

hypothalamic/thalamic GG, a 5-year-old female with a cerebellar GG, a 6-year-old female 

with a right frontal GG, a 13-year-old male with a left temporal lobe GG, and a 17-year-old 

male with a suprasellar/hypothalamic GG (Supplemental Table I).
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Non-GG controls consisted of normal autopsy brainstem sections from all three levels of 

brainstem (midbrain, pons, and medulla). Ages and gender for the controls overlapped with 

the GG cohorts and included a 7-month old male, 7-month-old female, 3 year-old female, 13 

year-old male, and 14 year old female. No control patient succumbed to a primary or 

metastatic brain tumor or a neurological disorder.

Gene expression microarray analysis of tumor specimens

Five micrograms of RNA extracted from tumor was amplified, biotin-labeled (Enzo 

Biochem), and hybridized to Affymetrix HGU133 Plus 2 microarray chips. Analysis of gene 

expression microarray data was performed using Bioconductor functions written in the R 

programming language (www.bioconductor.org). Microarray data were background 

corrected and normalized using the guanine cytosine robust multiarray average (gcRMA) 

algorithm, resulting in log2 expression values. The Affymetrix HGU133 Plus 2 microarray 

contains 54,675 probe sets, including multiple probe sets for the same gene.

Ontology analysis of microarray data

DAVID (Database for Annotation, Visualization, and Integrated Discovery, http://

david.abcc.ncifcrf.gov) ontology analysis was used in this study to assess gene lists for 

enrichment of genes annotated with specific Gene Ontology Project terms (GOTERM; 

www.geneontology.org). Briefly, DAVID is a web-based resource that provides Gene 

Ontology term enrichment scores for lists of genes that have already been identified by the 

user as significantly associated with a particular phenotype or variable [11]. Enrichment is 

defined as more genes than would be expected by chance that are associated with a specific 

phenotype or variable [11,12].

Western blot analysis

Tumor protein lysates were obtained from snap-frozen tumor specimens of 5 pediatric 

brainstem GGs and 4 pediatric supratentorial GGs. Approximately 30 mg of frozen tumor 

specimen was homogenized using a PowerGen 125 homogenizer (Fischer Scientific, 

Waltham, MA) on ice in 1 mL RIPA buffer (Fischer Scientific, Waltham, MA: 25 mM Tris-

HCl [pH 7.6], 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS), 1 mM 

sodium vanadate, and 1 mM sodium molybdate with a complete Mini Protease Inhibitor 

Cocktail [Roche, Indianapolis, IN].

Forty micrograms of the resulting protein lysates were then incubated with a loading dye, 

separated on precast 4–20% Criterion sodium dodecyl sulfate Tris-glycine gel (BioRad, San 

Diego, CA) and transferred to a polyvinylidene difluoride membrane (Millipore, Billerica, 

MA). Membranes were incubated with rabbit polyclonal anti-PNOC antibody (Proteintech, 

Chicago, IL) in 3% bovine serum albumin blocking agent or goat polyclonal anti-alpha-

tubulin antibody (Cell Signaling Technology, Danvers, MA) in 5% milk at dilutions of 

1:250 and 1:1000, respectively, for one hour at room temperature. After incubation with 

secondary horseradish peroxidase-conjugated donkey anti-rabbit antibody (1:4000 dilution) 

(Jackson ImmunoResearch Laboratories, West Grove, PA), immunoreactive signals of the 

protein bands were detected using enhanced chemiluminescence (PerkinElmer, Boston, MA) 
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detection solution and exposed to X-Omat Blue XB-1imaging film (Eastman Kodak, 

Rochester, NY).

Immunohistochemistry (IHC) for PNOC

Immunohistochemistry was performed on 5μm formalin-fixed, paraffin-embedded tumor 

tissue sections using the Leica Bond Refine Detection kit. All steps were done on the BOND 

machine. Briefly, sections were incubated in citrate buffer high pH 9 (Leica) for 20 minutes 

at 90 degrees, and then blocked with FC Block (Innovex) and Protein Block (Open 

Biosystems) for 20 minutes and 5 minutes, respectively. Sections were then stained with 

primary anti-human orphanin/PNOC antibody (Neuromics #RA10106) at a 1:1000 dilution 

for 1 hour, followed by treatment with labeled polymer (Leica) for 10 minutes, hydrogen 

peroxide (Leica) for 10 minutes, and DAB (Leica) for 10 minutes. Sections were then 

counterstained with hematoxylin (Leica) for 1 minute.

Immunohistochemistry for PNOC was performed on the same tissue block as that utilized 

for diagnostic immunostaining for synaptophysin, NeuN, and neurofilament so that direct 

comparison of the quality of staining in similar or identical sections of tumor could be made 

on serially-cut sections. Scoring was subjective on a subjective scale with +++ = strong and 

diffuse in large numbers of neurons, ++ = strong in a subset of neurons, + = weak and 

diffuse, +/− = rare neurons with weak immunoreactivity, and 0 = none.

RESULTS

Clinicopathological features

Clinical presentations for brainstem GG are listed in Table I. All required radiotherapy, or 

were treated with radiotherapy and chemotherapy. Six of 7 experienced recurrences and 2 of 

7 are deceased. All contained significant numbers of neoplastic neurons (Fig. 1a). Tumors 

showed varying amounts of non-neoplastic perivascular lymphocytes (Fig. 1a), eosinophilic 

granular bodies, and Rosenthal fibers. Neoplastic neurons manifested variable IHC 

positivity for synaptophysin and to a lesser extent for NeuN. Neurofilament was generally 

identified in the abundant axonal processes in the lesions and far less often in the perikaryon 

of the neoplastic neurons. The only notable histological feature was that most brainstem 

GGs failed to exhibit large amounts of calcifications. Tumors were histologically otherwise 

very similar to the comparison non-brainstem GG cohort.

Gene expression analysis

Multiple genes were found to be significantly overexpressed by gene expression microarray 

profiles in brainstem GGs. A list of the ten most highly overexpressed and underexpressed 

genes in brainstem GGs is included in Table II.

Differential gene expression data from brainstem GGs was subjected to analysis using 

DAVID Ontology. The top 50 overexpressed genes, according to fold change, in brainstem 

GGs were analyzed to detect any possible relevance to tumor biology. This analysis revealed 

that these genes were involved in pathways of embryogenesis, organogenesis, axis 

formation, and patterning (Table III). In order to determine if this developmentally-primitive 
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expression pattern was indeed a function of developmental dysregulation within the tumor 

itself, and not a byproduct of normal differentially-expressed developmental determinants, 

we compared microarray data from normal frontal lobe samples (n=3) and normal brainstem 

samples (n=3) (data not shown). Using this comparison, we were able to determine a 

baseline of differential gene expression which confirmed that the list of over- and under-

expressed genes in the GGs was characteristic of the tumor, and not the normal tissue from 

the anatomical site of origin.

The single-most differentially-expressed gene in the brainstem GGs was the transcript for 

the neuropeptide precursor protein, prepronociceptin (PNOC), which was expressed at a 

284-fold higher level than in supratentorial counterparts (Table II). Previous studies have 

shown PNOC to be involved in the process of neurite outgrowth [13–16]. In order to see 

whether the relatively high PNOC expression in brainstem GGs could be associated with 

neurite outgrowth, we compared the microarray data for 17 neuronal growth-associated 

proteins (nGAPs) identified by Lu et al. [17]. These 17 proteins have been shown to be 

involved in neurite outgrowth in multiple neuronal cell types in vitro, and are hypothesized 

to be markers for the neuron growth cone. Using the same microarray data analysis protocol 

as described previously, our comparison showed nGAP genes to be modestly upregulated in 

brainstem GGs in almost all cases, though only 6 of the 17 genes in question were 

upregulated by a statistically significant margin (Supplemental Table II).

Immunohistochemistry for PNOC

Immunohistochemical staining for PNOC protein revealed strong (+++) expression in large 

numbers of neoplastic neurons in all 7 of the brainstem GGs (Fig. 1b). Immunostaining was 

predominantly cytoplasmic and was distributed throughout the cytoplasm rather than in a 

membranous pattern (Fig. 1b, 1c). In general, the majority of the neoplastic neurons showed 

immunoreactivity (+++ in scoring scheme). Weak to moderate nuclear immunoreactivity 

was also noted in nuclei of neoplastic neurons, and occasional glial cells as well.

Careful matching of serial sections taken from the same tissue block from the same case was 

undertaken to directly compare similar areas of the tumor in terms of quality of PNOC (Fig. 

1c), versus NeuN (Fig. 1d), synaptophysin (Fig. 1e), and neurofilament (Fig. 1f) IHC for 

identifying neoplastic neurons. PNOC (Fig. 1c) highlighted the cell body, similar to NeuN 

(Fig. 1d) but showed immunostaining in a considerably larger number of the neoplastic 

neurons. PNOC immunoreactivity was also seen in at least as many, and in some cases, 

more neoplastic neurons than with synaptophysin IHC (Fig. 1e).

PNOC immunoreactivity was diffusely distributed throughout the cytoplasm in brainstem 

GGs (Figs 1b, c) rather than simply at the cell membrane, as can be the case with 

synaptophysin (Fig. 1e), especially when located within strongly synaptophysin-positive 

gray matter regions (Fig. 1e). Because of the larger volume of cytoplasmic 

immunoreactivity, PNOC also appeared to be superior in identifying smaller-sized 

neoplastic neurons as compared to synaptophysin, although roughly equivalent for very 

large dysplastic neurons. PNOC was far superior in terms of identifying numbers of 

neoplastic neurons as compared with immunostaining for neurofilament which 

predominantly highlighted axons and not cell bodies (Fig. 1f). Indeed, unlike neurofilament 
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immunohistochemistry that decorates axons and only occasional cell perikarya in GGs, 

PNOC did not appear to decorate axonal processes at all.

In comparison, PNOC IHC in non-brainstem GGs was similar to that in brainstem GGs in 

only 1 of 5 cases (Fig. 1g), although even in this example the number of immunoreactive 

neurons appeared fewer than with brainstem GGs (scored as ++). PNOC IHC was 

significantly weaker and more infrequent in the remaining 2 of 5 non-brainstem GGs (Fig. 

1h, scored as +) and only rare (scored as +/−) in the other 2 cases (see Supplemental Table 

I).

No observable PNOC expression was found in any brainstem neurons at any level 

(midbrain, pons, medulla) of control autopsy specimens (Fig. 1i, basis pontis control section 

illustrated, scored as 0).

Western blot

PNOC expression by Western blot analysis in brainstem and non-brainstem GGs 

underscored the fact that the protein was expressed in 4 of 5 brainstem GGs, but only one of 

4 non-brainstem GGs (Fig. 2).

DISCUSSION

Brainstem GGs are a rare subset of “other” GGs located outside the temporal lobe. 

Symptoms generated by these tumors are largely related to anatomical location. We 

conducted a review of the literature and identified a total of 55 cases of GGs involving the 

brainstem, affecting both pediatric and adult patients. Common presenting symptoms in 

brainstem tumors included hemiparesis or monoparesis [7], headache, dizziness, and 

vomiting [5–7]. The age of diagnosis ranged from 3 – 59 years (median 13 years, n=27). The 

time from onset of symptoms to diagnosis ranged from 2 weeks –15 years (median = 2 years 

n = 20). There was slight observed male gender preference, with 62% of reported patients 

being male (n=27) [1,2,5–9,18–27]. This gender preference was not borne out in our data. 

Tumor diameter on MRI image ranged from 15–75 millimeters (median =40 mm, n=15) 

[8,9].

Pediatric brainstem GG patients were found to generally have poorer outcomes than 

pediatric patients with supratentorial GGs [10]. We confirmed this poor outcome in our 

current series, with recurrence occurring 6 of 7 patients and death in 2 of 7 patients with 

brainstem GGs, despite chemo- and radiotherapy (see Table I).

Using gene expression microarray technology we further identified a significantly different 

gene expression signature in brainstem GGs. It was notable that many of these genes with 

higher expression in brainstem GGs were related to embryogenesis and development.

The largest upregulation in gene expression observed was a 256-fold increase in 

prepronociceptin transcripts. Prepronociceptin (PNOC) is a precursor protein to nociceptin, 

the opioid-like agonist of opioid receptor-like (ORL1) receptor. PNOC has been identified as 

a functionally-ambiguous component in early mammalian nervous system development 
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[19], and aberrant PNOC expression has been identified in microarray data of other cancers 

[20]. The role of prepronociceptin in tumorigenesis, however, is unknown.

A 2006 study by Zaveri et al. showed treatment of neuroblastoma cell lines with cAMP 

analogues in NS20Y neuroblastoma cells induced up to a 200-fold increase in PNOC 

mRNA. They also reported that a high level of PNOC transcript in undifferentiated neural 

cells was accompanied by neurite outgrowth [13]. A series of publications by Saito et al. 

additionally demonstrated that transfection of NS20Y cells with PNOC mRNA alone was 

enough to increase neurite outgrowth, independent of cAMP [14–16]. However, the mature 

nociceptin peptide did not induce the same change, suggesting that the prehormone itself, or 

a yet-to-be-discovered modification of the prehormone, is capable of inducing neurite 

growth [14–16].

PNOC IHC expression was strongest in the neoplastic neurons of brainstem GGs, weaker in 

4 of 5 non-brainstem GGs (where it also labeled fewer numbers of neoplastic neurons) and 

was completely negative in brainstem autopsy samples from normal controls. PNOC IHC 

expression in GGs was directly compared with IHC expression for NeuN, anti-

neurofilament, and synaptophysin and found to be clearly superior to NeuN and 

neurofilament IHC in identifying neoplastic neurons, especially in brainstem examples. The 

superiority of PNOC IHC over synaptophysin IHC was less striking but in some cases, it 

was also easier to interpret PNOC IHC immunoreactivity than synaptophysin IHC 

immunostaining patterns. This was particularly true in synaptophysin-rich gray matter areas 

where the cytoplasmic immunoreactivity of PNOC throughout the neuronal cytoplasm was 

more confidently interpreted as positive. In addition, PNOC appeared to decorate at least as 

many, if not more, neoplastic neurons than synaptophysin. These results will have to be 

verified with larger numbers of non-brainstem GG cases. However, our results raise the 

possibility of utilizing PNOC IHC for diagnostic histopathological purposes in everyday 

practice.

Gangliogliomas of the brainstem have proven far more difficult to successfully treat when 

compared to their non-brainstem counterparts. This may be in part due to location but may 

also be as a result of their unique gene expression. The increased PNOC expression in 

brainstem GGs offers a unique target for the evaluation of new therapeutic agents. Targeted 

therapies directed at PNOC exist. Interestingly, drugs such as the anti-neoplastic antibiotic 

mithramycin A have been shown to be capable of down-regulating PNOC expression in 

vitro [13]. It remains unclear as to whether this drug would have any value in treatment of 

progressive brainstemGGs. Continued research into the role of PNOC may be of both 

diagnostic significance and could conceivably provide a new target for chemotherapeutics.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
(a) All brainstem gangliogliomas were classified as WHO grade I and manifested classic 

histological features of GG on light microscopy, with numerous cytologically-atypical 

neurons, a low-grade glial component, and variable amounts of perivascular non-neoplastic 

lymphocytic cuffing (lower left). Hematoxylin and eosin, 400X; Patient 5 from Table I 

illustrated. (b) Immunohistochemical staining for PNOC protein revealed strong (scored as 

+++) expression in large numbers of neoplastic neurons in all 7 of the brainstem GGs; IHC 

for PNOC with light hematoxylin counterstain, 400X; Patient 5 from Table I illustrated. (c) 
Immunostaining for PNOC in brainstem gangliogliomas was predominantly cytoplasmic and 

was distributed throughout the cytoplasm. IHC for PNOC with light hematoxylin 

counterstain, 600X; Patient 7 from Table I illustrated. (d) Careful matching of serial sections 

taken from the same tissue block from the same case was undertaken to directly compare 
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similar areas of the tumor in terms of quality of PNOC [see 1c], versus for NeuN, as 

illustrated in this image. PNOC [see 1c] highlighted the cell body, similar to NeuN [this 

Fig.] but showed immunostaining in a considerably larger number of the neoplastic neurons. 

IHC for NeuN with light hematoxylin counterstain, 600X; Patient 7 from Table I illustrated. 

(e) Immunostaining for synaptophysin was strong in the background of the gray-matter rich 

brainstem; compare this heavy IHC+ background with that for PNOC [see 1c] in the same 

area of the tumor. Because synaptophysin tended to identify increased synaptic density at 

the cell membrane/perimeter it was sometimes more difficult to confidently identify IHC+ 

neoplastic neurons with this immunostain than it was for PNOC. IHC for synaptophysin 

with light hematoxylin counterstain, 600X; Patient 7 from Table I illustrated. (f) 
Immunostaining for neurofilament predominantly highlighted axons in brainstem 

gangliogliomas and not cell bodies, as seen in this image. Indeed, unlike neurofilament 

immunohistochemistry that decorates axons and only occasional cell perikarya in GGs, 

PNOC did not appear to decorate axonal processes [see 1c for comparison]. IHC for 

neurofilament with light hematoxylin counterstain, 600X; Patient 7 from Table I illustrated. 

(g) PNOC IHC in non-brainstem gangliogliomas (GGs) was similar to that in brainstem GGs 

in only 1 of 5 cases, as illustrated in this image, although even in this example, the number 

of immunoreactive neurons appeared fewer than with brainstem GGs (scored as ++). IHC 

for PNOC with light hematoxylin counterstain, 400X; Patient 5 from Supplemental Table I 

illustrated. (h) PNOC IHC was significantly weaker and more infrequent in the remaining 2 

of 5 non-brainstem GGs, as illustrated in this photomicrograph (scored as +). IHC for PNOC 

with light hematoxylin counterstain, 400X; Patient 10 from Table II illustrated. (i) No 

observable PNOC expression was found in any brainstem neurons at any level (midbrain, 

pons, or medulla) of control autopsy specimens; note the negative immunostaining (scored 

as 0) and clean background in these basis pontis neurons. IHC for PNOC with light 

hematoxylin counterstain, 400X.
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Figure 2. 
Western blot analysis of Prepronociceptin (PNOC). Protein lysate (40 ug) from 5 brainstem 

GGs and 4 supratentorial GGs were probed with anti-PNOC antibody. Anti-A-tubulin 

antibody was used as an internal control for protein loading.
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Table III

DAVID ontology analysis of microarray data showing expression of embryonic genes in pediatric brainstem 

GGs

GOterm GOterm ID* P-value

Embryonic skeletal system development 0048706 1.1E-9

Chordate embryonic development 0043009 9.7E-9

Embryonic development ending in birth 0009792 1.8E-8

Embryonic skeletal system morphogenesis 0048704 3.8E-7

Pattern specification process 0007389 3.9E-7

Regionalization 0003002 7.3E-7

Embryonic morphogenesis 0048598 1.1E-6

Anterior/posterior pattern formation 0009952 1.7E-6

Epithelial tube morphogenesis 0060562 1.4E-2

Key

*
Gene ontology terms (GOterms) are listed in order of statistical significance.
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