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Extract 

Studies of the catecholamine metabolism in a patient having a functional ganglioneuroma are re- 
ported. Biochemical determinations of catecholamines and metabolites were correlated with histo- 
chemical and electron microscopic examination of the tumor. Increased urinary excretion of 3-me- 
thoxy-4-hydroxy mandelic acid, homovanillic acid, and dopamine was found prior to excision of the 
tumor. There was no significant increase in excretion of normetanephrine-metanephrine or of nor- 
epinephrine-epinephrine. Concentration of norepinephrine and epinephrine in the tumor tissue was 
0.095 mglg. This concentration is greater than that found in neuroblastomas, but less than that found 
in pheochromocytomas. Normetanephrine-metanephrine was detected in the tumor tissue, indicating 
degradation of norepinephrine by catechol-0-methyl transferase. Computed turnover of norepine- 
phrine in the tumor tissue was 6.85 hours. 

Catecholamines were present within heavy mitochondria1 fractions prepared from tumor tissue; 
the spontaneous release of norepinephrine into the suspending medium was determined during in- 
cubation under standard conditions. The data indicate that rapid turnover of norepinephrine was 
not related to accelerated spontaneous release from catecholamine granules. Electron microscopic 
examination revealed ganglion cells and a complex neuropil. Dense core vesicles were present in many 
of the neural processes and in ganglion cells. Synaptic junctions between neural processes and between 
neural processes and ganglion cells were seen. Nerve bundles containing neural processes were present. 
There was wide variation in the cross sectional diameter of the processes. 

The number of Type I dense core vesicles of this ganglioneuroma were decreased in comparison 
with those found in pheochromocytomas and increased in relation to neuroblastomas. 

The synapse-like areas of membrane specialization observed in this tumor may have been part of 
the mechanism by which differentiation of the ganglion cells was directed. The high rate of turnover 
of catecholamines does not seem to be dependent upon an increased rate of spontaneous release of 
catecholamines from isolated secretory vesicles. 



Introduction 

Catecholamines are synthesized by some ganglioneu- 
romas; in this respect, these tumors resemble neuro- 
blastomas and pheochromocytomas. Several studies 
contain data concerning excretion of catecholamines 
and their metabolites in the urine of patients with 
ganglioneuroma~ [16, 19, 23, 27, 28, 29, 30, 41, 47, 
54, 561. In two of these studies detection of norepine- 
phrine (NE) in ganglioneuroma tissue was reported 
[19,41]. We are aware of only a single report concerned 
with the fine structure of a ganglioneuroma at electron 
microscopic levels of magnification [40] ; however, 
biochemical studies were not reported. 

In  the present study, the catecholamine metabolism 
was examined in a functional ganglioneuroma and 
correlated with biochemical studies of urine and tumor 
tissue, as well as with histochemical and electron 
microscopic examination of the tumor. Biochemical 
determinations permit calculation of the turnover rate 
of NE within the tumor. Determination of the turnover 
rates of NE and epinephrine (E) have been reported 
previously for pheochromocytomas, but not for gan- 
glioneuromas or for neuroblastomas [9, 421. Electron- 
micrographs of ganglioneuroma tissue in our patient 
revealed dense core vesicles morphologically similar 
to those found in adrenal medullary tissue and in pheo- 
chromocytoma and neuroblastoma tissue. These ves- 
icles were located within the neural processes and 
within the tumor cells. The electronmicrographs also 
revealed axo-dendritic and axo-somatic junctions, 
some of which were similar in appearance to functional 
synapses seen in the nervous system 118,581. The cate- 
cholamine metabolism of this ganglioneuroma has 
been compared with that of other catecholamine- 
producing tissues. 

Case Rejort 

A 3 g-year-old Caucasian boy was admitted to a com- 
munity hospital with a three-week history of abdomi- 
nal pain and fever. He had had no diarrhea. Physical 
examination revealed the presence of a mass in the 
right lower quadrant. Roentgenographic studies of the 
gastrointestinal tract were normal, and an intravenous 
pyelogram revealed no abnormalities. At laparotomy, 
a firm mass found in the right lower quadrant was 
biopsied, but because of technical difficulties, was not 
excised. A diagnosis of ganglioneuroma was made. The 
child was transferred on May 12, 1965, to the Univer- 
sity of Illinois Research and Educational Hospitals for 
further study and for excision of the tumor. 

Physical examination on admission revealed a well- 
developed, cooperative male child. Blood pressure was 
100/60. A healing abdominal incision was present. 

Despite abdominal tenderness, it was possible to out- 
line an abdominal mass in the right lower quadrant. 
Blood count and urinalysis were normal. Urinary ex- 
cretion of catecholamines and their principle metabo- 
lites was determined. Excretion of 3-methoxy-4-hy- 
droxy mandelic acid (VMA) and homovanillic acid 
(HVA) was increased over normal values. The tumor 
mass was firmly attached to the iliopsoas muscles and 
measured 6 x 8 x 8 cm. Following excision, the child 
made an uneventful recovery and has remained well. 
Urinary excretion of catecholamines and metabolites, 
measured several times following surgery, was normal. 

The tumor weighed 37 g. The hematoxylin and 
eosin-stained sections (fig. 1) revealed many large neu- 
ral cells. Most of these were mature ganglion cells mix- 
ed in with rather abundant capillary blood vessels and 
connective tissue stroma, which in some parts of the 
tumor formed a capsule around the neural elements. 
A large amount of the tumor stroma was fibrillar. 
Some of the ganglion cells were multinuclear. Several 
clumps of deeply basophilic cells with scant cytoplasm 
resembling lymphocytes were seen in the tumor mass. 
No undifferentiated neural cells, satellite cells, or 
Schwann cells were present. The tumor had a solitary 
point of attachment to the underlying tissue. The vas- 
cular supply was through small capillaries. The rich 
neural plexus subsequently observed at electron micro- 
scopic levels of magnification was unrecognizable in 
these sections. Based on the hematoxylin and eosin 
sections, the tumor was characterized as a ganglio- 
neuroma. 

Fig. 1. Hematoxylin-eosin section of ganglioneurorna. 
400 x . A number of ganglion cells are visualized in the 
left lower field. The nuclei are located eccentrically 
within the abundant cytoplasm. A single prominent 
nucleolus is usually present. Clusters of lymphocytes 
are noted in the upper portion of the field. Eosin- 
stained fibrillar material and fibrocytes make up the 
stroma. 
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Methods an Potter-Elvehjem homogenizer (clearance 0.004 to 
0.006 inches). The preparation of the heavy mitochon- 

Determinations were made immediately on 24-hour drial fraction, in which the majority of catecholamine 
collections of urine acidified with 6 N hydrochloric granules are present, has been described in experi- 
acid. VMA was determined by the method of PISANO et ments with the adrenal medullae of rats [22]. The frac- 
al. [36] and metanephrine-normetanephrine (MN and tion was resuspended in fresh phosphate buffer and in- 
NMN) by the method of PISANO et al. [35], as modified cubated at 37" for 30 min. Subsequently, it was layered 
by CROUT et al. [8]. NE and E were determined by a over 0.5 M sucrose. The catecholamine granules, to- 
modification of the trihydroxy-indole reaction using gether with the mitochondria, were sedimented at 
iodine as the oxidant [51] ; fluorescence was measured 20,000 x g in the cold for 20 min. The NE and E con- 
in an Aminco-Bowman spectrophotofluorometer. NE tent of the final supernatant and the final centrifugate, 
and E were determined at pH 6.5 and E at pH 3.5. performed in duplicate, were determined by the fluori- 
HVA was measured by the method of SANKOFF and metric method of SHORE and OLIN [46], as modified 
SOURKES [44] or by the method of SATO [45]. Dopa- by WEIGAND and PERRY [57]. Data were calculated 
mine was determined by a modification of the method by relating the amount of NE or E released into the 
of DRUJAN et al. [l I]. supernatant to the total present in the combined super- 

Aliquots of tumor tissue were homogenized in 10 natant and centrifugate. Spontaneous release of NE 
volumes of 5 % trichloracetic acid; the homogenate and E from the tumor sediment was compared with 
was centrifuged at 13,000 x g for 20 min. The super- that obtained from rat adrenal medullary granules 
natant was analyzed for NE and E and for NMN and under comparable conditions [22]. 
MN by the same method employed for analysis of In addition to the hematoxylin and eosin-stained 
urine. sections, bichromate oxidized sections were prepared 

Studies were made of the rate of spontaneous release [20]. The method used can determine the presence 
of catecholamines from the sedimented structures con- of NE and E if there are relatively high concentrations 
tained within the heavy mitochondria1 fraction of the of these compounds. Sections made from tissues fixed 
tumor tissue. The tumor was minced (1.5 g in 2.5 ml in Caulfield's 1 % osmium tetroxide and counter- 
phosphate buffer, 125 mM KCl, 5 mM KH,P04, stained with 2 % uranyl acetate were used for electron 
6 mM MgCl,, pH 6.5) and homogenized for 2 min in microscopic studies [3]. 

Table I. Excretion of catechol metabolites in urine 

Date VMA1 NMN+MN2 HVA3 NE+ E4 Dopamine Creatinine 

mg/24 h 

9.0 0.012 
12.5 0.020 

Surgery 
4.6 0.069 
3.7 0.007 
3.5 0.028 
5.15 0.024 
4.1 0.015 
8.9 0.019 
3.5 0.024 
4.4 0.031 

Amounts of VMA, normetanephrine-metanephrine, homovanillic acid, norepinephrine-epinehrpine, dopamine, 
and creatinine in 24-hour urine collections before and after surgical excision of the tumor. Upper daily limits 
for normal in this laboratory for a child of this age are: VMA 3.0 mg; NMN+MN 0.7 mg; NE+E 0.035 mg; 
HVA 6.0 mg. Upper daily limit of dopamine excretion in adults is 0.525 mg. 
1 3-Methoxy-4-hydroxy mandelic acid. 

Normetanephrine-metanephrine. 
Homovanillic acid. 

4 Norepinephrine-epinephrine. 



Results 

Results of urine determinations are listed in table I. 
In preoperative specimens there was an increase over 
normal levels of VMA, HVA, and dopamine. Excre- 
tion of NMN and MN and of NE and E was within 
normal limits. After excision of the tumor, excretion 
of VMA, HVA, and dopamine became normal. 

Results of the analysis of the tumor for NE, NMN, 
and MN are listed in table 11. There was an appreciable 
concentration of NE. The low level of E, compared 
with that of NE, probably represents minimal fluores- 
cence at pH 3.5 of NE rather than the true concentra- 
tion of E. Low concentrations of NMN and MN also 
were found. 

By subtracting the amounts of VMA, NMN, and 
MN and of NE and E found in postoperative urine 
from amounts found in preoperative urine, the content 
of these compounds attributable to the metabolism of 
the tumor was obtained. Dividing this figure by the 
total value of NE and E content within the tumor per- 
mitted computation of the turnover rate. This was 6.85 
hours [8]. 

The homogenate, prepared from the tumor tissue 
to study the rate of release of the catecholamines from 
the heavy mitochondrial fraction, contained 1.87 pg 
NE/ml and trace amounts of E (0.09 ,ug/ml), of which 
0.7 pg NE (37 %) was sedimentable and presumably 
associated with the catecholamine granules within the 
heavy mitochondrial fraction. These values are based 
on only a small percentage of the total catecholamine 
content of the sample; the major portion of the cate- 
cholamines apparently remained behind in the rough 
fibrous tissue that was not homogenized by the relative- 
ly gentle procedures required to preserve the granules. 

Data on the spontaneous release of catecholamines 
from the sedimentable granules of the ganglioneuroma 
tissue are presented in table 111. Sixty-seven percent 
of the NE content of the tumor granules was released 
into the medium; under comparable conditions, 86% 
of the catecholamine content of rat adrenal medullary 
granules is released. 

In the bichromate oxidized sections, none of the 
neural cells was stained; only occasional small clumps 
of red blood cells in capillaries stained brown. 

Numerous electronmicrographs were examined. The 
morphologic features to be discussed are the pres- 
ence of dense core vesicles in many ofthe neural pro- 
cesses, the presence of morphologic synaptic junctions 
between neural processes and tumor cells, and the ab- 
sence of Schwann and satellite cells. 

Large neural cells, 15 to 20 ,u in cross section, were 
present. The ultrastructure of these cells resembled 
that of mature ganglion cells of human sympathetic 
ganglia [5, 7, 341. Small cells, 5 to 8 p in cross section, 

were also present. The ultrastructure of the smaller 
cells was characteristic of lymphocytes; no undifferen- 
tiated neural cells were observed. There were many 
unmyelinated neural processes between cells. The 
extracellular space between the naked processes was 
enlarged. Many of the neural processes were distended; 
some of the larger ones measured as much as 4 to 5 p 
in cross section (figs. 2 and 3). Neural filaments, neural 
tubules, and mitochondria were identified in many of 
these processes. Moderate numbers of clear vesicles, 
400 to 600 A, and less numerous dense core vesicles, 
900 to 2000 A, were present in many of the neural 
processes within the neuropil (figs. 2 and 3) and within 
the nerve bundles (figs. 4 and 5). The dense core ves- 
icles observed were similar to Type I dense core ves- 
icles reported by GRILLO and PALAY [25]. We rarely 
saw the smaller dense core vesicles (types 2 and 3, 
about 450 A) normally seen in postganglionic sympa- 
thetic terminals 1251. Large dense core vesicles, 900 to 

Table II. Content of NE and NMN+ MN in tumor and 
turnover of NE 

Weight of tumor 37.0 g 
Concentration in tumor tissue 

NE 0.0950 mg/g 
NMN+MN 0.0043 mg/g 

Total content in tumor tissue 
NE 3.52 mg 
NMN+MN 0.16 mg 

Preoperative 24-hour urine content of 
VMA+ (NMN+ MN) + (NE) 15.12 mg 

Postoperative 24-hour urine content of 
VMA+ (NMN+ MN) + (NE) 2.79 mg 

Urine content of VMA+ (NMN+MN) + 
(NE) attributed to tumor 12.33 mg 

Computed turnover of NE 6.85 h 

Table III. Catechol release by mitochondria 

Heavy mitochondrial fraction % Catecholamines 
obtained from released 

Ganglioneuroma tissue 67 
Adrenal medullary tissue (rat) 86 

Percent of catecholamines released from sedimentable 
structures contained in the heavy mitochondrial frac- 
tion during incubation at 37O for 30 min and suspended 
in a fresh phosphate buffer (see text). 
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Fig. 2. Axo-dendritic synapse (arrow) within ganglio- 
neuroma. There is a symmetrically increased amount 
of electron dense material associated with the pre- and 
post-synaptic membranes. The synaptic cleft also con- 
tains some electron dense material; it is 400 A wide. 
Note presence of clear vesicles (v), Type 1 dense core 
vesicles (g), and mitochondria (m) in the nerve termi- 
nals. 

Fig. 4. Large nerve bundle containing several small 
axon processes (ap) and many dendritic processes (d). 
Several membrane contact zones between dendritic 
processes are present (see arrows). A wide basement 
membrane (bm) surrounds the nerve bundle. The spa- 
cious ground substance contains collagen fibrils (cf) 
seen in longitudinal and cross-section. 

Fig. 3. Neuropil containing unusually large axon pro- Fig. 5. Enlargement of portion of fig. 4. Note basement 
cess (ap), measuring 3 x 3 p i n  cross-section. There was membrane (bm). Note desmosome-like contact zone 
wide variation in the relative numbers of clear vesicles (arrow). Note clear vesicles (v) in axon processes. 
(v) and dense core vesicles (g) in the various axon pro- 
cesses. Note the frequent clusters of ribosomes (p) in 
the perinuclear cytoplasm of a ganglion cell in the 
lower portion of the figure. 



2000 A, were observed also within the perinuclear cyto- 
plasm of the ganglion cells, and in one instance, within 
a smaller ganglion cell. 

There were specialized areas of contact between 
neural processes and between neural processes and 
ganglion cells. Some were similar to the desmosomes 
described in epithelial structures [13, 141 (figs.4 and 
5). Others, however, resembled neural synaptic junc- 
tions (fig. 2) , in which presynaptic and postsynaptic 
membranes are thickened in association with clear 
vesicles in clusters near the presynaptic membrane 
thickening. The dense core vesicles were not similarly 
clustered, but were distributed randomly. 

Frequently, naked neural processes were collected 
into nerve bundles (fig. 4) within an enveloping base- 
ment membrane. Usually, the nerve bundles were 
within the spacious ground substance of the fibrillar 
and largely acellular portions of the tumor. Although 
samples were taken from many areas of the tumor, 
cytoplasmic extensions forming from any of the cells 
were rarely seen; therefore, the cell of origin of the 
numerous neural processes within the neuropil and 
the nerve bundles remains uncertain. Many of the 
neural processes within the bundles were devoid of the 
usual organelles that enable axonic or dendritic identi- 
fication. The processes varied widely in cross sectional 
diameter, 0.5 to 5.0 p. In the absence of clear or dense 
core vesicles, these processes were considered to be 
dendritic. 

Fibrocytes, collagen fibrils, small blood vessels, de- 
generating neural cells, and occasional myelin figures 
were noted. No satellite or Schwann cells were observed 
by light microscopy nor were these cells seen by electron 
microscopy. 

Discussion 

Increased excretion of catecholamines and related me- 
tabolites in urine has been found in a number of pa- 
tients with ganglioneuroma [16, 19,23,27, 28,29, 30, 
41,47,54,56] ; however, such an increase has not been 
found in all cases of ganglioneuroma. KASER [27] re- 
ported normal urine VMA excretion in several pa- 
tients with ganglioneuroma; however, values for uri- 
nary excretion of NE, dopamine, DOPA, HVA, and of 
NMN and MN were not reported. Urinary excretion of 
catecholamines and related metabolites reported in 
cases of ganglioneuroma are summarized in table IV. 
The numerical values are not entirely comparable be- 
cause of the variety of methods employed for analysis. 
A compilation of normal values for children reported 
by VOORHESS [55] and GITLOW et al. [15] is listed in 
table V. Some of the ganglioneuromas apparently syn- 
thesized excessive quantities of NE, as indicated by in- 

creased urinary excretion of this compound and its 
major metabolite, VMA. Increased excretion of HVA 
in several cases indicated that dopamine and DOPA, 
intermediates in the synthesis of NE, were released 
from the tumor and metabolized elsewhere or, alter- 
natively, were degraded within the tumor and then 
released. In this respect, ganglioneuromas are more 
similar to neuroblastomas than to pheochromocytomas 
[54]. Increased excretion of NMN and MN is found 
uniformly in patients with pheochromocytoma, but 
may not be found in patients with neuroblastoma or 
ganglioneuroma, despite a marked increase in VMA 
excretion [43]. Determination of catecholamines and 
related derivatives in urine can be of value in the 
diagnosis of ganglioneuromas. Diagnosis of neuro- 
blastoma, however, cannot be made on the basis of 
such studies. Analysis of urine for catecholamines and 
related derivatives can be of value in determining 
whether complete excision of the tumor has been ac- 
complished. Diarrhea may be present in patients with 
functional ganglioneuromas [41]. The present study 
demonstrates that a patient with a functional ganglio- 
neuroma may be asymptomatic despite the abnormal 
catecholamine metabolism of the tumor. 

Little information concerning concentrations of NE, 
E, DOPA, dopamine, and of NMN and MN in the 
tumor tissue of ganglioneuromas has been published. 
The available data are summarized in table VI. The 
concentration of NE, if detected, appears to be rela- 
tively low. It is in the same range as that found in neuro- 
blastomas and is thus much lower than that found in 
pheochromocytomas. The concentration in the tumor 
reported in this study was higher than that of the two 
other cases of ganglioneuroma in which NE was de- 
tected. In  our patient, detectable amounts of NMN 
and MN were found, indicating degradation of NE 
within the tumor tissue by catechol-0-methyl trans- 
ferase. The ganglioneuroma present resembled both 
neuroblastomas and pheochromocytomas [43]. 

The low concentration of NE in the ganglioneuroma 
and the marked increase in such urinary metabolites 
as VMA indicated that in these functional tumors there 
is a rapid rate of turnover of NE within the tumor. The 
rate obtained, 6.85 hours, is in the same range as that 
obtained in a number of neuroblastomas [43]. In  con- 
trast, although a rapid rate of turnover of NE and E 
in this range may be found occasionally in pheochro- 
mocytomas, it is generally of a lower order of magni- 
tude [9, 421. In the present study, the rapid turnover 
found in the ganglioneuroma was in the range obtained 
for NE within the nervous system [53]. The turnover 
in the adrenal medulla of the rat is in the range of 8 to 
12 days for 50 % of the E [52]. 

The release of NE (67 %) from the sedimentable 
tumor granules is slightly lower than that found in rat 



Table IV. Excretion of catecholamines and metabolites in urine of reported cases of ganglioneuroma 

Cases VMA1 NE2+E3 NMN4+MN5 HVAC DOPA7 Dopamine Age, 

~ g l m g  mg124 h ~ g l m g  mg/24 h ~ g l m g  mgI24 h ~cglmg mg/24 h ~ g l m g  mg/24 h mgI24 h yr 
creatinine creatinine creatinine creatinine creatinine creatinine P 

GREENBERG and GARDNER [19] 

ROSENSTEIN and ENGELMAN [41] 

VON STUDNITZ, KASER and 
SJOERDSMA 1541 
KONTRAS [29] 
KASER, BETTEX and VON STUDNITZ, 
6 cases [28] 
GSER, 8 cases [27] 

VOORHESS and GARDNER [56] 
SNELLIE and SANDLER [47] 
LEBOEUF et  al. [30] 
GREER et al., 2 cases [23] 

GJESSING, 2 cases [16] 

Present case 
Normals, VON STUDNITZ, et al. [54] 
Normal (adult) (authors' lab) 

25.90 

32 

42 

20 
Norm. 

Incr. 
2 of8 
cases 
- 
- 

23-76 
15 
14 
42 
5 

51.6 
< 9.5 
- 

402 

- 

- 

- 

Norm. 

Incr. 
1 of6 
cases 
- 

- 
- 

60 
30 
125 
20 

45.8 
< 39.9 

- 

- 

25.2 

52.2 

- 
- 

Incr. 
1 of6 
cases 
- 
- 
- 

0.33 
- 
- 
- 

1.3 
< 0.259 
< 0.525 

- % 
- not 

given $ 3 
- not oq 

E given 2 

3-Methoxy-4-hydroxy mandelic acid. 
Norepinephrine. 
Epinephrine. 
Normetanephrine. 
Metanephrine. 
Homovanillic acid. 
Dihydr~x~phenylalanine. 



adrenal medullary granules (86 %). Similar slow rates 
of release were reported for the sedimentable structures 
prepared from pheochromocytomas and neuroblasto- 
mas [2 11. STJARNE et al. [50] have also reported a slow 
rate of release from pheochromocytoma granules. Pre- 
sumably, the increased turnover rate of NE in this 
tumor was not a function of an accelerated spontaneous 
release from the catecholamine granules. I t  is possible 
that we selected a population of granules with a slow 
rate of spontaneous release and selectively disrupted 
the more fragile catecholamine granules that normally 
exhibit higher rates of spontaneous release. Alterna- 
tively, a major population of catecholamine granules, 
which may have been different, were not examined 
since these granules remained with the coarse connec- 

tive tissue elements that were separated from the homo- 
genate. 

The spontaneous release of catecholamines from the 
sedimentable tumor granules and adrenal medullary 
granules [22] is only l/,, that of nerve transmitter 
granules prepared from autonomic nerves [49]. In con- 
trast, with respect to turnover of catecholamines, we 
have reported previously that ganglioneuroma was un- 
like adrenal tissue, but was rather like neural tissue. 
The tumor shares some of the qualities of both chro- 
maffin and neural tissues. 

In the present study, bichromate oxidized prepara- 
tions of the tumor were negative. Sympathetic gang- 
lion cells and related processes are known to be nega- 
tive when this technique is used. Presumably, the cate- 

Table V. Excretion of catechol metabolites in urine 

Age, VMA1 NE+E2 NMN+MN3 HVA4 Dopamine 
Y' pglmgl mg/24 h mg/24 h lGgimg/ fJg/mg/ mg/24 h 

creatinine creatinine creatinine 

0- 1 0.5695 0.309 0.01 19f0.0036 0.0609 50.0243 
1-5 1.348k0.443 0.0220f0.0075 0.1241 f 0.0407 
6-15 2.37310.698 0.0422*0.0168 0.1693 f 0.0726 
15+ 3.192 &0.669 0.0518*0.0160 0.2491 50.0749 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . , . . . . . , . . . . . . . . . . , . . . . . . . . . . . . . . . . 
l/lz-1 6.9 13 .2  1.64k1.32 12.9k9.58 
1-2 4.6 h2.2 1.68k 1.13 12.616.26 
2-5 3.955 1.72 1.25h0.77 7.5813.56 
5-10 3.3 51.4 1.13k0.78 4.7 12.66 
10-15 1.91 k0.77 0.60k0.48 2.5 52.42 
15-18 1.3410.61 0.24k0.23 1.0 10 .65 

Reported normal values for children after VOORHESS [55] and GITLOW et al. [15]. Values given by VOORHESS 
are above the dotted line and those of GITLOW are below the dotted line. 
1 3-Methoxy-4-hydroxy mandelic acid. 

Homovanillic acid. 

Table VI. Concentrations of catecholamines and related compounds in ganglioneuroma 

Authors Weight of NE, E, Dopamine, DOPA, NMN+MN, 
tumor, g pglg pglg luglg ~ g / g  pglg 

GREENBERG and GARDNER [19] 42 8.6 0.07 2.09 -1 ND2 
ROSENSTEIN and ENGELMAN [41] 56 10.4 - 1.83 0.72 - 

GJESSING [ 161 ? ND ND ND - - 
Present case 37 95.0 ND 3.0 - 4.3 

1 -: apparently not performed. 
ND : none detected. 
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cholamines were in insufficient concentration in this 
tumor to be demonstrated by this method. 

The electronmicrographs were instructive in several 
respects. The large neural cells resembled mature sym- 
pathetic ganglion cells. The neural cells in neuroblasto- 
mas were less differentiated; pheochromocytoma cells 
were otherwise differentiated. As compared with pheo- 
chromocytomas, there were several notable differences. 
Type I dense core vesicles were reduced in number in 
the perinuclear cytoplasm of ganglioneuroma cells, 
and there was a rich neuropil, whereas neural processes 
are nonexistent in the pheochromocytoma [l, 32, 33, 
421. As compared with neuroblastomas [17,3 1,32,43], 
Type 1 dense core vesicles were few or absent in the 
perinuclear cytoplasm of the neuroblastoma; there 
was a rich neuropil in both tumors. There were many 
Type 1 dense core vesicles in the processes of the gan- 
glioneuroma and only occasional or no such vesicles in 
neuroblastoma processes. 

The presence of neural processes within ganglio- 
neuromas, ganglioneuroblastomas, and neuroblasto- 
mas has been demonstrated previously by silver-stain- 
ing techniques [39] ; the great abundance of neural 
processes has now been demonstrated by electron 
microscopy [31, 32, 40, 43, 481. We are unaware of 
any previous report of well-differentiated synapses be- 
tween neural processes and between neural processes 
and ganglioneuroma cells; however, there have been 
reports of less differentiated synapse-like membrane 
contact zones in a neuroblastoma [31] and in ganglio- 
neuroblastomas [32,48]. Thus, it is possible that neural 
impulses are conducted over neural circuits assumed 
to exist within these tumors. Conceivably, in this study, 
the high turnover rate of NE (6.85 hours) may have 
been the result of interneural traffic. Alternatively, it 
is possible that the synapses subserve trophic functions, 
and one tumor cell may regulate the differentiation or 
metabolism of other tumor cells. 

The Type 1 dense core vesicles present within many 
of the neural processes are similar to those present 
within the presynaptic boutons of sympathetic ganglia 
of amphibia [25] ; however, these vesicles are virtually 
absent in unmyelinated fibers of human sympathetic 
ganglia [34]. Similar dense core vesicles have been re- 
ported previously in rare ganglion cells in man [7] and 
in the rat [24]. Although GRILLO [24] believes that 
most sympathetic ganglion cells lack the granules or 
vesicles that can be seen in the related synaptic bou- 
tons, we observed the contrary. The neural processes of 
the present tumor probably originated in the predomi- 
nant ganglion cells, resulting in the similarity of the 
granules within the perikarya and the neural processes. 
ROBERTSON et al. [40] have reported the presence of 
similar large dense core vesicles within the perikaryal 
cytoplast [61] and, less frequently, within neural pro- 

cesses of a central ganglioneuroma. In previously re- 
ported electronmicrographs of ganglioneuroblastomas 
containing large ganglion cells, comparable cells con- 
tained similar dense core vesicles within the perikarya 
and the neural processes [32,48]. 

According to RICHARDSON [37], Type 1 dense core 
vesicles accompany clear vesicles (400 to 600 A) and 
perhaps are a characteristic feature of cholinergic auto- 
nomic terminals. In the absence of extrinsic innerva- 
tion, as judged macroscopically, the presence of so 
numerous a network of cholinergic preterminals is un- 
likely. 

The smaller (about 450 A) Types 2 and 3 dense core 
vesicles reported by GRILLO and PALAY [25] and con- 
sidered to be characteristic of adrenergic autonomic 
terminals [lo] were rarely seen. There is evidence in 
support of the association of the smaller dense core 
vesicles with NE [59]. In the present study, some of the 
small clear vesicles present within the nerve terminals 
(figs. 3 and 4) might have contained dense corematerial 
not preserved by the standard OsO, fixation. RICHARD- 
SON [38] has obtained better preservation of the dense 
core material of these vesicles using a potassium per- 
manganate fixation procedure. Use of this procedure 
would be desirable for future studies of this type of 
tumor. I t  is likely that the Type 1 dense core vesicles 
within axon terminals may also contain NE [26, 601. 
Larger (900 to 2500 A) dense core vesicles of adrenal 
medullary cells are known to contain catecholamines 
r.4, 121. 

In the present study, the increased diameter of many 
of the axonal processes, which frequently measured 2 
to 5 p in cross section was noted (figs. 2 to 5). Perhaps 
the absence of Schwann cells, which normally are con- 
tinually wrapping around the neural processes, per- 
mitted the growing processes of the tumor to enlarge 
inordinately rather than to form into smaller and small- 
er processes [6]. 

The absence of satellite and Schwann cells in gan- 
glioneuromas have been described in studies using 
light microscopy [2] and electron microscopy [40]. 

In the present study, we had an uncommon oppor- 
tunity to observe ultrastructural manifestations of the 
ability of cells derived from the neural crest to differ- 
entiate, organize, and secrete catecholamines. Never- 
theless, highly differentiated ganglion cells were devel- 
oped in association with a rich neuropil containing 
synaptic junctions. These data should be considered 
in studying the relation of the functional roles of neural 
supporting cells to mesenchymal cells during and after 
neural differentiation. Clarification of the complex 
mode of differentiation of these cells may permit devel- 
opment of methods to convert malignant cells of some 
neuroblastomas to benign ganglioneuromas, a process 
which occurs spontaneously in some cases. 



Summary 

A child with a functional ganglioneuroma was studied. 
The tumor caused excessive urinary excretion of VMA, 
HVA, and dopamine. Analyses of the tumor revealed 
significant concentrations of NE, dopamine, NMN, 
and NM. The calculated turnover of NE within the 
tumor was 6.85 hours. Electron micrographs of the 
tumor revealed similar dense core vesicles, 900 to 2000 
A, in the perikaryon and the neural processes. Clear 
vesicles, 500 A, were also present in neural processes. 
Axo-dendritic and axo-somatic sites of membrane spe- 
cialization were observed. Well-differentiated morpho- 
logic synapses have not been reported previously in 
ganglioneuromas. The catecholamine metabolism and 
electron microscopic appearance of the ganglioneuro- 
ma have been compared with that of neuroblastomas 
and pheochromocytomas, which also synthesize and 
degrade catecholamines. 
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