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Summary. Insulin-like-growth factor (IGF)-II-like 
immunoreactivity was examined in two carotid 
bodies and six extra-adrenal paragangliomas with 
use of monoclonal antibody against rat IGF-II, 
which crossreacts with human IGF-II. Chief cells 
but not sustentacular cells of the carotid body were 
positive at about 10% in one case and less than 
1% in another case. 

Among four carotid body tumours, a possible 
vagal body tumour and one glomus jugulare tu- 
mour, all but the glomus jugulare tumour exhibited 
positive tumour cells irrespective of histological 
variations. The frequency of positive cells ranged 
from 20 to 60%. IGF-II like immunoreactivity, 
therefore, might be widely distributed in human 
extra-adrenal paraganglionic tissues and tumours, 
although its biological role in these cells remains 
to be elucidated. 

Key words: I G F - I I -  Carotid body Extra-adrenal 
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Introduction 

Paragangliomas are uncommon tumours which 
originate from extra-adrenal paraganglionic sys- 
tem widely distributed in the body (Glenner 1974). 
The constituent tumour cells have been postulated 
to be chief cells in origin. The chief cells are one 
of the members of APUD cell series (Pearse 1969) 
or of the paraneuron family, a more recently intro- 
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duced concept (Fujita 1977). They contain cate- 
cholamines (Niemi and Ojara 1964; Kobayashi 
1971; Gorgas and B6ck 1976; Hansen 1978; Her- 
vonen 1978) and tyrosine hydroxylase, a rate-limit- 
ing enzyme in the catecholamine synthesizing path- 
way (Bolme et al. 1977; Karasawa et al. 1982; Par- 
tanen et al. 1984). This enzyme has been found 
more recently in the paragangliomas of the cervical 
region (Takahashi et al. 1987). Noradrenalin (Ko- 
bayashi et al. 1983) and serotonin (Gr6nblad et al. 
1983) have been also demonstrated in the chief 
cells and in addition to these amines several pep- 
tides including enkephalins (Hansen et al. 1982; 
Varndell et al. 1982; Kobayashi et al. 1983) and 
chromagranin A (Kobayashi 1988) have been de- 
tected in the cells or their granules. Kobayashi 
et al. (1983) postulated that a close relationship 
between carotid body chief cells and adrenal chro- 
maffin cells exists, since met-enkephalin Arg 6 -  
Gly 7 -  Leu 8, a peptide specific to prepro-enkepha- 
lin A is present in both cells. 

Insulin-like growth factor (IGF) is subdivided 
into IGF-I and II; IGF-I is a polypeptide com- 
posed of 70 amino acid residues and II 67 amino 
acid residues, respectively (Rindeknecht and Hum- 
ble 1978). Twenty two amino acid residues among 
the N-terminal 31 amino acid residues of these two 
polypeptides, moreover, are identical, and struc- 
tural homology of the IGFs with insulin and proin- 
sulin has also been reported (Rindeknecht and 
Humbel 1976, 1978). In Man, increased expression 
of IGF-II mRNA or increased amount of IGF-II 
content was detected in fetal kidney, liver, adrenals 
and striated muscle (Scott et al. 1985). In addition, 
Wilms tumour (nephroblastoma) of the kidney 
(Reeve et al. 1985) and pheochromocytoma of the 
adrenal gland (Haselbacher et al. 1987) have been 
reported to contain highly expressed IGF-II 
mRNA or IGF-II. In spite of cellular similarity 
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between carotid body chief cells and adrenal chro- 
maffin cells and increased expression of  IGF-H 
m R N A  in the adrenal gland, IGF-II  content and/ 
or its m R N A  has not been studied in paraganglia 
or paragangliomas to our knowledge. Recently we 
made an immunocytochemical investigation of  
IGF-II-like immunoreactivity in two carotid bod- 
ies and six paragangliomas of  craniocervical region 
in the human adult. In this paper, we describe the 
results obtained and discuss their significance. 

Materials and methods 

Two normal carotid bodies from 62- and 56-year-old males 
were obtained at autopsy. The paragangliomas used were sum- 

marized in Table 1. All of these tissues were fixed with buffered 
10% formalin and embedded in paraffin wax. 

Monoclonal antibody of IG1 subtype against rat IGF-II  
was produced as reported previously (Tanaka et al. 1989). The 
rat IGF-II  produced by a rat epithelial cell line was purified 
through HPLC and used as an antigen. The cross-reactivity 
of the antibody with various IGF-related peptides was deter- 
mined by tracer-binding inhibition in radioimmunoassay using 
rat IGF-II  labeled with 1251 as a tracer. The results were as 
follows; human IGF-II ;  100%, MSA-III-2 (multiplication stim- 
ulating activity-III-2, identical to rat IGF-II,  produced by a 
rat heptocyte cell line BRL-3A (Moses et al. 1R87); 100%, hu- 
man IGF-I ;  10%, hEGF;  less than 0.01%, and porcine insulin; 
less than 0.01%. 

For immunocytochemistry with the monoclonal antibody 
from mouse ascites fluid, biotin streptavidin (BSA) method was 
applied using Biotin-Stereptavidin kit of Bio-Genex Laborato- 
ries (Dublin, California, USA). To abolish 10% cross-immuno- 

Fig. 1. Histology of the normal carotid body reveals chief cells and surrounding sustentacular cells (a) (HE, x 200). IGF-II-like 
immunoreactive cells are found only in chief cell population (b) (BSA, x 200). Tumor cells with various sizes (e) (HE, x 100, 
case No. 2) are positively immunostained (d) (BSA, x 100, same case) 
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Fig, 2. A carotid body tumor composed of small round cells in loose alveolar arrangement (a) (HE, x 100) also exhibits IGF-II-like 
immunoreactive cells with moderate staining intensity (b) (BSA, x 200, case No 3. The fourth carotid body tumor is composed 
of polygonal cells with broad cytoplasm surrounded by fibroblastic ceils (e) (HE, × 100) and a population of polygonal, not 
fibroblastic, tumor cells is positively immunostained with weak to moderate staining intensity (d) (BSA, x t00) 

Table 1, List of cases examined 

No. Age/Sex Location Origin Metastasis 

1 43/f It. neck carotid body none 

2 59/m rt. sub- carotid body none 
mandibular 

3 22/m rt. neck carotid body regional node 

4 28/f ft. neck carotid body unknown 

5 42/f lt. neck vagal body? none 

6 60/f foramen rt. glumus regional node 
jugutare jugulare 

reactivity with IGF-I stated above and possible cross-reaction 
with proinsulin or c-peptide, the monoclonal antibody was pre- 
absorbed with one gg of either IGF-I (KabiGen, Stockhohn, 
Sweden), c-peptide (Peninsula Lab., California, USA) or hu- 
man proinsulin (supplied by N.Y.) before use. Endogenous per- 
oxidase activity was blocked by methanol-hydrogen peroxide 
for 20 rain. After staining with the monoclonal antibody at 
protein concentration of 0.1 gg/ml over night at 4 ° C, the slides 
were treated with biotin-labelled antimouse immunoglobulines, 
and then streptavidin-conjugated peroxidase for 30 min at 
room temperature, respectively. Peroxidase reaction product 
was visualized by Graham-Karnovsky solution (Graham and 
Karnovsky 1966). Cellular nuclei were stained with 1% methyl 
green. 

The frequency of positively immunostained cells was deter- 
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Fig. 3. A tumor of possible vagal body origin discloses two histological features; round cells in trabecular arrangement separated 
by capillary stromy (a) and clear round cells in thick trabecular pattern (b) (HE, x 100). Mainly weakly, rarely intensely immuno- 
stained cells including cytoplasmic processes are found in the former histological area (e, d) (BSA, x 200). Histology of the 
jugular body paraganglioma shows small uniform, round tumor cell nests separated by capillary stroma (e) (HE, x 100). No 
immunoreactive cells are detected (f) (BSA, × 100) 

mined in the area where there were must positive cells. Controls 
were as follows; omission of the primary antibody and applica- 
tion of the preabsorbed primary antibody with one gg of rat 
IGF-II  in the first step of the immunostaining. 

Results 

The normal human carotid body is composed of 
chief cells, sustentacular cells and neuronal ele- 
ments with a plentiful fibrovascular stroma (B6ck 
1982) (Fig. 1 a). A part of  the chief cells were found 
to be positive for IGF-II immunoreactivity 

(Fig. l b); the frequency of the immunostained 
cells varied from less than 1% to about 10%. 

Four paragangliomas from the carotid body 
contained positive cells irrespective of  their histo- 
logical variations. Two tumours, cases No. 1 and 
2 in Table 1, were composed of polygonal cells 
with ample cytoplasm and were most frequently 
populated with IGF-II-like immunoreactive cells, 
as shown in Figs. I c and d. The third carotid body 
tumour was chiefly composed of round and partly 
polygonal tumour cells arranged in solid acinar 
pattern (Fig. 2 a). The positive cells showed moder- 
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Fig. 4. By the immunostaining of carotid body tumor (case No. 2) with the preabsorbed antibody with IGF-II ,  I G F 4 ,  c-peptide 
or proinsulin, the positive cells become absent (a; IGF-I1), or remain present (b; IGF-I ,  e; c-peptide; d; proinsulin), respectively 
(BSA, x 100) 

ate staining intensity and a focal distribution 
(Fig. 2b). The fourth carotid body tumour  was 
composed of medium-sized polygonal cells and fi- 
broblastic interstitial cells and arranged in alveolar 
pattern (Fig. 2c). The positive cells with weak to 
moderate staining intensity were confined to the 
polygonal tumour  cells, and focally distributed 
(Fig. 2d). 

The tumour  attached to the vagal nerve was 
composed of relatively small, round,  uniform cells 
with oval nuclei. Al though the cell borders were 
indistinct, the cytoplasm was ample and palely eo- 
sinophilic, and arranged in trabecular or alveolar 
pattern with thin vascular septum (Figs. 3a and 

b). The immunostained cells distributed diffusely 
and staining intensity was weak (Fig. 3c) but a 
few of them showed intense immunoreactivity in- 
cluding both cytoplasm and cytoplasmic process 
(Fig. 3 d). 

In a tumour  found in the lumen of the jugular 
vein and was considered to be of glomus jugulare 
origin, the tumour  cells were small and uniformly 
round, and formed regular alveolar pattern with 
high vascularity. Interstitial cells were not obvious 
(Fig. 3e). The immunostaining of this specimen, 
however, failed to disclose positive cells (Fig. 3 f). 

These results and frequency of positively im- 
munostained cells were summarized in Table 2. 
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Table 2. Distribution and frequency of IGF-II-like immunore- 
active cells 

No. Positive cells 

Distribution Staining intensity % 

1 diffuse variable 61.7 
2 diffuse variable 58.1 
3 focal weak to moderate 34.2 
4 focal weak 28.2 
5 focal weak to moderate 48.5 
6 none none 0 

The contro l  staining by the p reabsorbed  an t ibody  
with I GF - I I  gave the negative result (Fig. 4a),  and 
in contras t  positive results were obta ined  by the 
an t ibody  preabsorbed  with either IGF-I ,  c-peptide 
or proinsul in as shown in Figs. 4b,  c and d. 

Discussion 

In the present  study, we showed that  the chief  cells 
or the carot id  body  contain  IGF-II - l ike  immunore-  
activity. In human  adrenal  glands, the level o f  
I G F - I I - m R N A  and its content  have been repor ted  
to be high, and cellular localization o f  immunore-  
activity in the adrenal  medulla  was also observed 
by us (unpublished data).  Therefore ,  a close rela- 
t ionship between these two cells has been substan- 
tiated. In this context,  tumours  derived f rom chief 
cells o f  the carot id  body  might  be expected to pos- 
sess IGF-II - l ike  immunoreact iv i ty .  In fact, four  
paragangl iomas o f  the carot id  body,  as presented 
in this study, conta ined I G F - I I  immunoreac t ive  
cells at abou t  24 to 60% in f requency irrespective 
of  their histological variations. Moreover ,  a para-  
gangl ioma possibly originating in the vagal body  
also had  IGF-II - l ike  immunoreac t ive  cells at abou t  
50% of  turnout  cells in frequency.  However ,  one 
glomus jugulare  t umour  studied ha rbored  no im- 
munoreact ive  cells, in spite of  its histological re- 
semblance to the carot id  body  or vagal body  para-  
ganglioma. This exceptional  result is difficult to 
explain, bu t  does not  exclude the possibility o f  fail- 
ure to detect  the content  o f  IGF-II - l ike  immunore-  
activity in these t umour  cells by the present  meth-  
od. 

I G F - I I  has been at first repor ted  to have mito- 
genic activity in fibroblastic cells (Rechler  et al. 
1978; Z a p f  et al. 1987). However ,  a growth  pro-  
mot ing  activity via on autocr ine mechanism in par- 
agangl ioma is not  likely, since IGF- I I  s t imulat ion 
has no t  enhanced in vitro cell growth  of  PC 12, 
a rat  p h e o c h r o m o c y t o m a  cell line (Greene and 
Tischler 1976) (unpublished observation).  Rather ,  
different iat ion inducing po tency  o f  I G F - I I  has 

been repor ted  in chick or ra t  myoblasts  (Schmidt  
et al. 1983; Ewton  e ta l .  1984) and a cell line of  
h u m an  neurob las toma (Recio-Pinto and Ishii 
1984). In fact the PC 12 differentiates morphologi -  
cally in vitro, responding to I G F - I I  s t imulat ion 
(unpublished data).  F r o m  these reports  and obser- 
vations,  I G F - I I  seems to induce and mainta in  dif- 
ferentiated state o f  the paragangl ionic  cells. This 
substance, therefore,  might  be a "n e rv e  growth  
f a c t o r "  o f  the paragangl ionic  system, because the 
nerve growth  factor  (Levi-Montalcini  1982) has 
t rophic  and /o r  differentiat ion inducing effect on 
some sympathet ic  ganglionic cells. This possibility, 
o f  course, remains to be confirmed,  but  on this 
point  it is interesting that  insulin, N G F ,  relaxin 
and I G F - I I  have structural  relationships, as 
poin ted  out  by Bradshaw (1978). 

In summary,  we repor t  here that  paraganglio-  
mas o f  craniocervical  region and chief  cells o f  the 
carot id  body  ha rbor  IGF-II - l ike  immunoreact iv i ty  
with high frequency.  These results indicate that  the 
IGF-II - l ike  immunoreact iv i ty  or I G F - I I  itself 
might  be widely distr ibuted in bo th  the adrenal  
and extra-adrenal  paragangl ionic  system. 
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