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Summary. It has been shown, by using the immu- 
nogold technique, that  C-peptide and insulin are 
co-localized in the mature  granules of human  pan- 
creatic/3 cells and insulinomas with typical gran- 
ules. The mean gold bead densities of both C-pep- 
tide and insulin were at least twice as high in the 
normal  pancreas when compared with the insulino- 
mas. The mean granule diameter of the insulinoma 
cells (D =0 .30+0 .12  ~tm) was smaller than that  of 
human  pancreatic cells (D = 0.45_+ 0.15 gm). The 
morphometr ic  data  indicate that  each of the anti- 
gens (C-peptide and insulin) is distributed similarly 
in the halos and the dense cores of the/3 granules. 
Thus, no topological segregation of these two anti- 
gens occurs within the/3 granules of either normal  
human  pancreas or insulinomas. 
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Introduction 

It has been shown by using the colloidal gold tech- 
nique, that  C-peptide and insulin are co-localized 
in the mature  granules of the pancreatic fl cells 
(Orci 1982; Orci 1985; Hammel  and Kal ina  1989). 
These peptides have also been demonstra ted  in 
non-osmicated tissue from human  insulin produc- 
ing tumours  (Varndell et al. 1982). Recently Berger 
et al. (1988) used the immunogold  technique to 
demonstrate  insulin in the fl granules of various 
types of human  pancreatic insulinomas with typical 
and atypical granules. 

The main advantage of the immunogold  tech- 
nique is the relative ease with which quant i ta t ion 
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may  be done by morphometr ic  analysis in correla- 
t ion with well-preserved ultrastructure in osmicat- 
ed tissues (Kalina et al. 1988; Hammel  and Kal ina 
1989). In a previous s tudy we used the immunogold  
technique for investigating the correlation between 
the expression of antigenic sites and size of granules 
in fl cells of rat pancreas (Hammel  and Kal ina 
1989). It was demonstra ted that  the distribution 
patterns of antigenic sites for C-peptide (which also 
represents proinsulin sites) and insulin are similar 
when granule size distribution is correlated with 
the density of antigenic sites. 

In the present communica t ion  we describe a 
quantitative study of the distribution of C-peptide 
and insulin in the secretory granules of human  pan- 
creatic /3 cells compared to their distr ibution in 
human  insulin-producing tumours  (insulinomas). 
An at tempt  was also made to s tudy the relative 
distribution of both antigens (C-peptide and insu- 
lin) within the/3 granules of normal  human  pancre- 
as and insulinomas. Our quanti tat ive data  indicate 
that  each antigen is distributed similarly in the ha- 
los and the dense cores of the fl granules. Thus, 
no topological segregation of these antigens occurs 
within the/3 granules. 

Materials and methods 

Normal human pancreas was obtained during surgery, lnsulino- 
ma tissue was obtained from two tumours, clinically diagnosed 
as benign functional insulinomas. Morphologically they were 
classified as tumours storing only tpyical beta granules (type 
I) (Creutzfeldt et al. 1973). Both tissues were immunoreactive 
with anti insulin and anti C-peptide antibodies at the light mi- 
croscopical level. No tumour immunoreactivity was found using 
antisera directed against glucagon, somatostatin, gastrin, pan- 
creatic polypeptide (PP) or vasoactive intestinal peptide (VIP). 
Tissue blocks (1 mm 3) were fixed for 3 h in 1% glutaraldehyde 
in 0.1 M cacodylate buffer (pH 7.4) at room temperature. After 
fixation, tissues were postfixed in 1% osmium tetraoxide (in 
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cacodylate buffer), dehydrated in graded series of alcohols, and 
embedded in araldite. Thin sections (0.075 _+ 0.015 gm) were col- 
lected on uncoated nickel grids. 

Anti-insulin (raised in guinea pigs) was obtained from Bio- 
Yeda (Rehovot, Israel) and used in dilution of 1/1000. Rabbi t  
anti C-peptide was obtained from EY laboratories (Ca) and 
was used in the same dilution. The immunocytochemical proce- 
dures were as previously described (Hammel and Kalina 1989). 
Briefly, sections were treated with a saturated aqueous solution 
of Na-metaperiodate for 30 min at room temperature to reduce 
the protein masking effect of osmium (Bendayan and Zollinger 
1983). The sections were then washed and placed in normal 
goat serum (1:20 dilution) for 30 min. After draining, sections 
were exposed to the primary antisera for 18 h at 4 ~ C. After 
rinsing, the sections were incubated (1 h at room temperature) 
in goat anti rabbit  IgG-gold (10 nm) for C-peptide and goat 
anti guinea pig IgG-gold (10 nm) for insulin. Both reagents (Jan- 
sen Pharmaceutica, Beerns, Belgium) were diluted 1:15. The 
grids were counterstained with uranyl acetate and lead citrate. 
Specimens were viewed in JEM 100B electron microscope. 

Specificity of the immunolabelling was assessed by incubat- 
ing the sections with non-immune sera. No labeling beyond 
the background was obtained in the experimental system. It 
was previously found that  no cross-reactivity existed between 
the anti C-peptide and insulin. However, cross reactivity was 
observed between anti C-peptide and proinsulin (Hammel and 
Kalina 1989). 

All morphometric  measurements were performed using 
transmission electron micrographs (x 45000; original magnifi- 
cation was x 20000) as explained elsewhere in detail (Hammel 
et al. 1987; Kalina et al. 1988). Briefly, the cross sectional area 
(ai) Of each individual (i-) granule was measured, using a graphic 

digitizing tablet (Hewlett-Packard 9IIIA,  USA) interfaced to 
a desk top technical micro-computer (HP 9817 H). The resulting 
processed data were plotted using an HP 9872C graphics plot- 
ter. 

Gold bead labeling density in the various compartments 
was determined by using the following procedures. The area 
(a~) of each granule was measured. The number  (Ni) of gold 
beads of each individual granule was recorded and the granule 
gold bead density was calculated (Bendayan 1984; Kalina et al. 
1988). 

i = n  / i = n  

gold bead densi ty= ~ N i / ~  a i. (l) 
i = 1  ~ i = 1  

To determine gold bead distances from the granule membrane 
we have used those granules in which both electron dense cores 
and membranes were well defined. The shortest distance be- 
tween the gold beads and the membranes was measured using 
the digitizer. The calculated gold bead densities and distances 
in the granules were converted to cumulative frequency histo- 
grams. Statistical comparison analysis between the cumulative 
curves was performed by using the Kolmogorov-Smirnov Test 
or the x2-test (Sokal and Rohlf 1969). 

Results 

A typical distribution of gold immunolabelling of 
both C-peptide and insulin in a well granulated 
human insulinoma with typical /~ granules (type ! 
according to Creutzfeldt et al. 1973) is represented 
in Fig. 1. Gold labelling of both C-peptide and in- 

Fig. l a ,  b. Portion of fl cell from human insulinoma tumour immulabeled for C-peptide (a) and insulin (b) using 10 nm gold 
beads. • 50000. Bar-1 pm 
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Table 1. Density of gold beads in the mature /~ granules of 
fl cells of normal pancreas and insulinomas" 

C-peptide Insulin 

gold bead (gold beads/ 
density [tm 2 ) 

Human Pancreas Exp. 1 91 +20 124_+21 
(normal) (N = 243) (N = 256) 
(D =0.45 +0.15 btm) b Exp. 2 71 + 11 

(N = 282) 

Insulinoma Case 1 38 + 2 34 _+ 2 
(N=458) (N=705) 

(D=0.30_+0.12 [tm) b Case 2 33+3 
(N=241) 

" Quantitative evaluation of the number of gold beads over 
mature fl-granules. The data obtained from 25 cells (for each 
normal pancreas) and 50 cells (for each case of insulinoma). 
The numbers in parentheses indicate the number of granules 
measured 
b D represents the mean diameter of mature secretory granules 
in human pancreas and insulinoma 

sulin was found mainly,  but  not  exclusively, in the 
dense core. Some gold particles were found  also 
over  the halos. Similar dis t r ibut ion of gold immu-  
nolabell ing for bo th  C-pept ide  and  insulin was ob- 
served in no rma l  h u m a n  pancreas.  The gold beads  
were dis t r ibuted over  the whole granule,  i.e. in the 
halo as well as in the crystalloid or  a m o r p h o u s  
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dense core of  secretory granules. Table  1 s u m m a r -  
izes the quant i ta t ive  da ta  of  C-pept ide  and  insulin 
gold labelling in bo th  no rma l /~  cells and  insulino- 
mas.  The labelling density (gold beadsAtm 2) of  bo th  
C-pept ide  and  insulin were similar in each of the 
tissues (normal  pancreas  and  two insulinomas).  
However ,  labelling densities of the insu l inomas /% 
cells were 3-4  t imes lower than  those of n o r m a l  
pancreat ic  cells. 

An  a t t empt  was made  to quantify the relative 
dis t r ibut ion of C-pept ide  and  insulin gold i m m u -  
nollabel  over  the halos and  dense cores of  the /% 
granules. This was done  by measur ing  the distances 
of  the gold particles and  the dense cores f rom the 

granules '  l imiting membranes .  H i s t o g r a m s  of 
threse distances are presented in Fig. 3. The  im- 
m u n o g o l d  labell ing of bo th  C-pept ide  and  insulin 
in h u m a n  pancreas  is dis t r ibuted similarly in bo th  
the halo  and  the dense core. (Approx imate ly  50% 
of the gold part icles are located over  the ha lo  and  
50% over  the dense core). In cont ras t  with the nor-  
mal  h u m a n  pancreas ,  the i m m u n o g o l d  labelling of 
C-pept ide  and  insulin in the insul inomas  is distrib- 
uted mos t ly  (over 70%) in the dense core. 

Discussion 

The immunoh i s tochemica l  d is t r ibut ion of C-pep-  
tide and  insulin, as expressed by the i m m u n o g o l d  
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Fig. 2A-D. Frequency histograms 
represent gold beads distances 
from the secretory granules 
membrane (...). The distances of 
the dense core edge from the 
granule membrane is represented 
by the smooth line ~ ) .  
Histograms A and B represent 
the labeling of C-peptide and 
insulin in normal human 
pancreas; histograms C and D 
the labeling of C-peptide and 
insulin in insulinoma 
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technique, is presented in the current work. A com- 
parison is made between normal pancreas and in- 
sulin producing tumours (insolinomas) with regard 
to the cellular distribution and topological segrega- 
tion of these two peptides in/3 granules. The type I 
insulinomas of the present study were tumours 
consisting of cells storing only typical /3 granules 
(classification according to Creutzfeldt et al. 1973). 
Berger et al. (1988) demonstrated, by the immuno- 
gold technique, the presence of insulin in the /~ 
granules of this tumour. 

Mean gold bead densities of both C-peptides 
and insulin were at least twice as high in the normal 
pancreas when compared with the insulinomas 
(Table 1). The mean granule diameter of the 
granules of insulinoma cells (D=0.30_+0.12 gm) 
was smaller than that of human pancreas 
(D=0 .45_0 .15gm) .  These two factors may ex- 
plain the weak light microscope staining that is 
often obtained when immunostaining insulinomas 
(even type I with typical /~ granules) with anti- 
bodies to insulin or C-peptide, compared with nor- 
mal pancreatic islets. The ratio of mean gold bead 
density for insulin to C-peptide in the mature /~ 
granules of insulinomas was approximately 1:1. 
This ratio reflects the conversion reaction of proin- 
sulin to insulin (Fletcher et al. 1981; Steiner 1976). 
A slightly higher ratio was observed in/~ granules 
of human pancreas. These results are similar to 
those observed in rat pancreas (Hammel and Ka- 
lina 1989) where it was found that 45% of the gran- 
ules had the ratio insulin: C-peptide of 1:1; the 
other granules had a higher ratio. Since the gold 
bead density in each granule profile is a function 
of many factors, significant fluctuations in the ratio 
may be expected (For detailed analysis see Hammel 
and Kalina 1989). 

There is evidence to support the notion that 
proinsulin conversion to insulin is a post Golgi 
event that probably occurs in the immature clath- 
rin-coated granules (Orci 1984; Oric et al. 1985; 
Hammel and Kalina 1989). Such an in-granule pro- 
cessing of proinsulin may result in topologically 
segregated C-peptide and insulin. A possible topo- 
logical selective distribution of C-peptide and insu- 
lin between the halos and dense cores of the /~ 
granules has been debated for a long time. Steiner 
et al. (1975) suggested that the halos stored the C- 
peptide, whereas insulin was packaged in the dense 
core. Orci (1982) showed in dog pancreas that sites 
immunoreactive to insulin are selectively present 
over the core of the//-granule, whereas C-peptide 
was demonstrated over the clear halos but not on 
the cores. Our previous data did not support such 
a topological segregation in rat /~-cells (Hammel 

and Kalina 1989) where both C-peptide and insulin 
were mainly located in the dense core. By using 
a quantitative approach we were able to demon- 
strate, in the present communication, that both 
peptides were similarly distributed in the halos and 
dense cores of the /~ granules in both normal hu- 
man pancreas and insulinomas. In the normal pan- 
creas the labelling of both peptides was evenly dis- 
tributed between the dense core and the halo, 
while, in the insulinoma /~ granules, most of the 
label for both peptides was concentrated over the 
dense core (over 70%). However, in both tissues, 
no selective distribution of the two peptides was 
observed between the halo and dense core. These 
results are similar to those described by Varndell 
et al. (1982) who found that in non-osmicated insu- 
linoma both peptides are mainly localized in the 
dense core. Berger et al. (1988) also found in type I 
insulinoma that insulin is mainly located in the 
dense core. These results differ from those observed 
for the distribution of glycentin and glucagon in 
the A cells of the pancreatic islets (Ravazzola and 
Orci 1980; Varndell et al. 1982). 

Glucagon and glycentin-like material are topo- 
logically segregated in the e granule of the pancre- 
atic A cell. The mantle (periphery) of the e granules 
which is labeled with glycentin is also stained with 
the Grimelius silver technique (Bussolati et al. 
1971) as well as with chromogranin A (Ehrhart 
et al. 1986). 

The variability in the distribution of C-peptide 
and insulin immunoreactive sites (visualized by 
gold beads) between the core and halo of the /~ 
granules may partly be attributed to technical rea- 
sons. It has been shown that variation in gold la- 
belling of/~ cells is due to the use of different fixa- 
tion and embedding procedures (Orci et al. 1984). 
Similar differences in gold labelling were observed 
in other tissues fixed and embedded according to 
various protocols (Abramson 1986). Therefore, any 
immunocytochemical comparative study (quantita- 
tive as well as qualitative) must be performed with 
tissues fixed and processed in a similar manner. 
Both normal human pancreas and insulinoma were 
processed similarly. When these two tissues were 
processed in Lowicril k 4 M  and labeled with C- 
peptide and insulin, higher gold densities than 
those described were found (unpublished data). 
However, the differences in gold densities between 
the two tissues, as well as the intragranular local- 
ization were similar to that described in the present 
communication. We may conclude that it is reason- 
able to assume that no topological segregation oc- 
curs in the/~ granules and the conflicting observa- 
tions made by various investigators are merely due 
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to variations in the fixation and processing proto- 
cols of the tissues studied. 
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