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Summary. 14 ingulinomas were examined immuno-
histologically using the peroxidase labelled antibody
method. 8 tumours were investigated immediately after
extirpation. 7 of these reacted with insulin and porcine-
C.-peptide antisera but not with glucagon antiserum. Only
a B-cell carcinoma with an unusually low insulin concen-
tration was negative. One year after embedding in
paraffin the imraunohistologic reaction with insulin anti-
serum had markedly decreased in the tumours; however,
not in the islet of the adjacent pancreas. From 6 patients
1 to 4 years old paraffin-embedded material of the tumour
and the normal pancreas was available. In this group 4
tumours with an elevated insulin concentration reacted
immunohistologically only weakly with an insulin anti-
serum and two tumours (one with high and one with low
insulin concentration were immunohistologically negative,
while the islets of the adjacent panceas of all six cases
showed & strong reaction. Thus the immunohistilogic
reaction of insulin in B-cell tumours but not in normal
islets depends on the time elapsed between the paraffin
embedding and the examination. Only tumours fixed in
Bouin’s fluid but not in Karnovsky’s solution gave a
positive immunohistologie reaction, while the islets of the
adjacent pancreas reacted positively also after fixation in
Karnovsky’s solution. These findings suggest differences
between the normal and the tumour insulin. A correlation
between aldehyde-thionin stain and immunohistology
indicates the superiority of immunohistology in identify-
ing insulin producing tumour cells.

Investigations i{mmunohistologiques des insulinomes
humains

Résumé. 14 insulinomes ont été6 soumis & un examen
immunohistologique & Paide de la méthode de ’anticorps
marqué & la peroxydase. 8 tumeurs ont été étudides
immédiatement apres leur extirpation. 7 d’entre elles
réagissaient avec les sérums anti-insuline et anti-porcine-
C-peptide, mais non avee le sérum anti-glucagon. Un seul
carcinome & cellules B avec un contenu en insuline in-
habituellement bas, a été négatif. Un an apres l'inclusion.
dans la paraffine, la réaction immunohistologique avec le
sérum anti-insuline avait nettement diminué dans les
tumeurs, mais non dans les ilots du pancréas adjacent.
Chez 6 patients, on disposait de fragments de la tumeur
et du pancréas normal inclus dans la paraffine depuis
1 & 4 ans. Dans ce groupe, 4 tumeurs ave¢ un contenu
élevé en insuline, n’avaient qu’une faible réaction im-
munochistologique avec un sérum antiinsuline, et deux
tumeurs (I'une avec un contenu élevé en insuline, 'autre
avec un contenu faible) ont eu une réaction immuno-
histologique négative, tandis que les flots du pancréas
adjacent réagissaient fortement dans les six cas. Done, la
réaction immunochistologiqgue de Ulinsuline dans les
tumeurs & cellules B, mais non dans les ilots normaux,
dépend du temps écoulé entre 'inclusion dans la parafffne
et le moment ol elles sont examinées. Seules les tumeurs
fixées dans du liquide de Bouin, mais non dans la solution

de Karnovsky, ont eu une réaction immunohistologique
positive, tandis que les ilots du pancréas adjacent ré-
agissaient positivement aprés fixation dans la solution
de Karnovsky. Ces résultats suggérent qu’il existe des
différences entre I'insuline du paneréas normal et I'insuline
des tumeurs. Une comparaison entre la coloration &
Ialdéhyde-thionine et I'immunohistologie indique la
supériorité de l'immunohistologie dans Iidentification
des cellules tumorales produisant de P'insuline.

Zusammenfassung. 14 insulinproduzierende Tumoren
wurden mittels Peroxydase-markierter Antikdrper im-
munhistologisch untersucht. 8 Tumoren gelangten un-
mittelbar postoperativ. zur TUntersuchung. Hiervon
lieen sich 7 mit einem Antiserum gegen Insulin und
Schweine-C-Peptid, nicht aber mit einem Antiserum
gegen Glucagon anférben. Dagegen reagierte ein B-Zell-
carcinom mit einer sehr niedrigen Insulinkonzentration
mit keinem dieser Seren. Bereits ein Jahr nach der Ein-
bettung in Paraffin lieB die Anférbbarkeit dieser Tumoren.
mit einem Antiinsulinserum deutlich nach, wihrend die
Inseln des umgebenden normalen Pankreas mit dem
gleichen Serum unveréndert stark reagierten. — Von
6 weiteren Inseladenomen standen auBerdem 1—4 Jahre
altes paraffineingebettetes Tumor- und Pankreasgewebe
zur Verfiigung. 4 dieser Tumoren hatten eine erhéhte In-
sulinkonzentration, reagierten immunhistologisch jedoch
mit einem Antiinsulinserum nur schwach. Die beiden. rest-
lichen Tumoren — einer mit einer hohen, der andere mit
einer niedrigen Insulinkonzentration — verhielten sich im-
munhistologisch negativ. Im Gegensatz zu den Tumoren
lieen sich die Inseln des umgebenden Pankreas sdmtli-
cher 6 Fille mit einem Insulinantiserum gut anfirben.
Somit scheint der erfolgreiche immunhistologische Nach-
weis von Insulin in insulinproduzierenden Tumoren von
der Dauer der Einbettung des Tumormaterials in Paraffin
abzuhéngen. Das Insulin in den Pankreasinseln unter-
liegt dagegen diesem ,,Alterungseffekt‘‘ nicht. — Tumor-
Insulin 146t sich nur in Bouin-fixiertem, nicht aber in
Karnovsky-fixiertem Gewebe immunhistologisch nach-
weisen, wihrend das Insulin des normalen Pankreas auch
nach Karnovsky-Fixation immunhistologisch nachweis-
bar ist. Die Befunde sprechen fiir Unterschiede zwischen
normalem pankreatischen und Tumor-Insulin. — Die
Firbung der B-Zellen von Tumoren mit Aldehyd-Thionin
gelingt seltener als der immunhistologische Nachweis von
Insulin in diesen Zellen. Die immunhistologische Unter-
suchung ist daher zur Identifizierung von B-Zelltumoren
den ublichen spezifischen Féarbungen tiberlegen.

Key words: Insulinoma, immunohistologic investiga-
tion of B-cell tumours, peroxidase labelled antibodies,
insulin and C-peptide in B-cells, insulin concentration of
insulinomas, difference between insulin in normal and
tumour B-cells.
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The reports on immunohistologic investigations of
human B-cell tumours are contradictory. Only Breu-
stedt and Kracht [2] using fluorescein labelled insulin
antibodies succeeded in demonstrating insulin in
3 B-cell adenomas. However, the majority of the
investigators demonstrated insulin only in the islets
of the normal pancreas but not in B-cell adenomas or
B-cell carcinomas [4, 9, 10, 14, 19]. These authors
concluded that the structure of tumour insulin differs
from the structure of normal ingulin. This explanation
seems upsatisfactory, because insulin from tumour
tissue reacts, like pancreatic insulin, radioimmuno-
chemically with an ingulin antibody. Studies on the
amino acid composition of polypeptide segments of the
A and B chain of ingulin extracted from several B-cell
tumours resulted in no differences between the amino
acid sequence of normal human insulin and tumour
insulin [11].

In this paper the results of immunohistologic in-
vestigations on 14 insulin-producing tumours of the
human pancreas will be reported. The B-cells of all
tumours reacted with a peroxidase labelled insulin
antiserum if the ingulin concentration of the tissue was
elevated. Some findings support the suggestion of
immunological differences between normal pancreatic
and tumour insulin.

Material and Methods

14 insulinomas were examined by routine histologie,
immunohistologic and biochemical techniques. Pre-
operatively, all cases were characterized by low fasting
blood glucose levels and marked hypoglycaemia during
prolonged fasting. Most of them showed elevated
fasting insulin levels and excessive plasma insulin
concentrations after challenge with glucose, glucagon
and tolbutamide.

1. Preparation of antibodies

a) Anti-insulin serum (total binding capacity 1.0 to
2.0 mU/ul) was prepared in guinea-pigs by injection of
solutions of crystalline porcine insulin emulsified in
complete Freund adjuvant.

b) Anti-C-peptide serum was prepared in rabbits
by injection of synthetic porcine-C-peptide without
adjuvant. The antibody did not cross react radio-
immunochemically with human insulin.

¢) Anti-glucagon serum was prepared in rabbits by
injection of crystalline beef-pork-glucagon (Eli Lilly,
Indianapolis, USA), emulsified in complete Freund
adjuvant.

d) Anti-guinea-pig-y-globulin from rabbit was
purchased by Behringwerke AQ, Marburg.

e) Anti-rabbit-y-globulin from sheep was elicited
by repeatedly immunizing a sheep with immuno-
electrophoretically pure IgG from rabbits.
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2. Preparation of conjugates

The y-globulin fractions of the anti-guinea-pig
serum from rabbit and of the anti-rabbit-y-globulin
from sheep was labelled with horseradish peroxidase
as described by Nakane and Pierce [15, 16].

3. Immunohistology

7 B-cell adenomas and 1 B-cell carcinoma were
studied immunohistologically immediately after ex-
tirpation of the tumours, whereas in the case of the
other 6 B-cell adenomas paraffin blocks of preserved
material were examined 1 to 5 years after extirpation.

Tissue samples of the tumours and the adjacent
pancreas of cases studied immediately after extirpation
were fixed for 45 to 90 min in Bouin’s fluid. In order
to prove the influence of duration of fixation, samples
of one tumour (case 14 of Table 1) were fixed once for
60 min, and once for 11 h, in Bouin’s fluid. In order to
prove the influence of the kind of fixative, samples of
3 adenomas as well as of the adjacent pancreas were
fixed also in Karnovsky’s fixative [7]. Samples of
tumours studied immunohistologically 1 fo 4 years
after extirpation were fixed in Bouin’s fluid 3 to 6 h
according to the size of the samples.

Tissue samples were then dehydrated in alcohol,
cleared in xylene and embedded in paraffin.

For demonstrating insulin, C-peptide and glucagon
the indirect technique according to Weller and Coons
[26] was used. 1/20 diluted anti-insulin serum from
guinea-pig was placed on 3 p. thick sections for 30 min.
Parallel sections were incubated with equally diluted
rabbit anti-C-peptide serum, rabbit anti-glucagon
serum, normal guinea-pig serum and normal rabbit
serum. After washing in phosphate buffered saline the
sections previously treated with guinea-pig sera were
subsequently incubated for 30 min in 1/20 diluted
peroxidase labelled anti-guinea-pig-y-globulin from
rabbit. Sections previously treated with rabbit sera were
incubated in 1/20 diluted peroxidase labelled anti-
rabbit-y-globulin from sheep. The peroxidase reaction
was obtained by incubating the sections for 30 min in
a benzidine solution according to a method described
by Graham and Karnovsky [5]. After rinsing in aqua
bidest., the sections were postfixed in 1%, osmium
tetraoxide, dehydrated in alcohol, cleared in xylene
and embedded in DPX.

4. Histology

Sections of all adenomas and of the adjacent
pancreas were stained with aldehyde-thionin according
to the method described by Paget [18].

5. Tissue extraction

Immunochemical reacting insulin (IRI} was ex-
tracted from pancreas and tumour tissue with acid-
ethanol and determined in the neutralized extracts
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using a back titration procedure [12] with guinea-pig
anti-porcine insulin serum as the antibody.

Results

The biochemical, histologic and immunohistologic
results of the 14 investigated B-cell tumours are com-
piled in Table 1. The tumours are listed chronologically
according to the date of operation. With the exception
of tumours 1, 8, 11 and 12 the IRI concentration of the
tumours was higher than the IRI concentration of the
adjacent pancreas. 10 tumours were aldehyde-thionin
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With an antibody against crystalline porcine C-
peptide the B-cells of the tumours of the cases 7 to 11,
13 and 14 and the B-cells of the iglets of the adjacent
pancreas of these cases reacted similarly as with an
insulin antibody.

The duration of fixation in Bouin’s fluid did not
influence the reaction (Table 2). After fixation in
Karnovsky’s fixative, insulin could be demonstrated
only in the normal pancreas, but not in the tumour
tissue (Table 2).

Fig. 1a shows the typical immunohistologic aspect
of ingulin in a normal human islet, Fig. 1 b its negative
control. The positively reacting cells have a dark

Table 1. Insulin concentration, aldehyde-thionin staining and immunohistologic demonstration of insulin in 14 B-cell

tumours
Patient Date of Insulin con-  Alde- Immunohistology
i tration hyde-
operation %e/rtlg atb tﬁrioiin 1 week s 1 2 3 4 years
after extirpation
1. Schra. 1. 3.1966 tumour 1.1 @ n.t. n.t. n.t. n.t. n.t. Jo}
pancreas n.t. - n.t. n.t. n.t. n.t. n.t. +
2. Reit. 26. 7.1967 tumour 542 n.t. n.t. n.t. n.. (+) (+)
pancreas 1.2 n.t. n.t. n.t. n.t. -+ +
3.Bohl.  13. 9.1967 tumour 16.1 & n.t. n.t. n.t. n.t. &+ )
pancreas 1.8 - n.t. n.t. n.b. n.t. + -+ + 4
4, Kor. 30. 1.1969 tumour 224 - n.t. n.t. n.t. (+) (+)
pancreas 1.2+ n.t. n.b. n.t. + + + -+
5. Schu. 16. 7.1%69 tumour 16.3 + n.t. n.t. n.t. ]
pancreas n.t.  + n.t. n.t. n.t.
6. Lep. 23.10. 1969 tumour 40.9 + -+ n.t. n.t. (+) (+)
pancreas 4.3 - n.t. n.t. -+ +
7. Mul. 5. 5,1970 tumour 12.2 4 44 + {-+)
pancreas 1.0 - + 4+ ++ 4+
8. Wal. 12. 5.1970 tumour 3.6 ((4)) + 4 + (+)
pancreas 0.9 - + 4+ + 4+
9. Bisch. 9. 6.1970 tumour 43.2 - ERN + -+ +
pancreas 1.9 4 4+ ++ 44
10. Langw. 14.10.1970 tumour 6.6 (4-) + 4 + +
pancreas n.t, - + 4
11. Frau. 15, 1.1971 tumour 1.7 @ + -+ + 4
pancreas 2.3 - + -
12, Romm. 25. 5.1971 tumour 0.2 o I}
pancreas n.b. n.t. n.t.
13. Bali. 28, 7.1971 tumour 9.4 () 4
pancreas 1.19 - 4+
14. Schap.  29.11. 1971 tumour 23.5 - 4
pancreas 1.49 - -+

positive, 4 tumours were aldehyde-thionin negative.
There was no correlation between the IRI concentration
of the tumours and the aldehyde-thionin staining. Ne-
gative or weak aldehyde-thionin staining occurred not
only in tumours containing very small amounts of
IRI, but also in tumours with an elevated IRI con-
centration. Immunohistologically, insulin could be de-
monstrated in all B-cell tumours except the cases 1, 5
and 10. The immunohistologic reaction product was
strong in the tumours 7 to 11, 13 and 14. The tumours
7 to 14 were investigated immediately after extirpa-
tion. However, the reaction was rather faint in the
tumours 2, 3, 4 and 6. From the cages 1 to 6 tumour
material was investigated immunohistologically for
the first time 1 to 4 years after the embedding.

Table 2. Influence of the fixation on the immunohistologic
demonstration of insulin and C-peptide in the normal
pancreas and in B-cell tumours of four patients

Fixative
Bouin Karnovsky
10 min 11h 4h
tumour + 4+ -+ + 2]
pancreas 44+ ++ 44

brown colour, the nucleus being unstained. In Fig. 1¢
a parallel section was incubated with a C-peptide
antibody. The same cells ag in Fig. 1a are stained. In
a further parallel section treated with an anti-glucagon
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serum different cells show a positive peroxidase re-
action (Fig. 1d).

Fig. 2a is a typical example of the immunohisto-
logic demonstration of insulin in a B-cell adenoma
investigated immediately after extirpation (case 8 of
Table 1). Compared with the negative control (Fig. 2b)
all tumour cells show a strongly positive reaction

R. Arnold et al.: Immunohistologic Investigations of Human Insulinomas
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bodies none of the insulinomas listed in Table 1 re-
acted positively, while some cells of the islets of the
adjacent pancreas always reacted positively.

After one year, the immunohistologic demonstra-
tion of insulin and C-peptide was markedly reduced
in the tumours of cases 7, 8, 9 and 10, while the adja-
cent pancreas continued to show a strong reaction

Fig. 1. Normal pancreatic tissue with a large islet, fixed in Bouin’s fluid, embedded in paraffin. a) Incubation with
1/20 diluted anti-insulin serum; after washing incubation with 1/20 diluted peroxidase labelled anti-guinea-pig-y-
globulin from rabbit. The islet shows numerous darkly stained insulin-containing cells. Magnification x 400.
b) Parallel control section to a). Incubation with 1/20 diluted anti-guinea-pig serum followed by 1/20 diluted per-
oxidase labelled anti-guinea-pig-y-globulin from rabbit. No specific stain. Magnification x 400. ¢) Parallel section
to a). Incubation with 1/20 diluted anti-C-peptide serum from rabbit followed by 1/20 diluted peroxidase labelled
anti-rabbit-y-globulin from sheep. Compared with a) the same cells are stained. Magnification x 400. d) Parallel
section to ¢). Incubation with 1/20 diluted anti-glucagon serum from rabbit followed by 1/20 diluted peroxidase labelled
anti-rabbit-y-globulin from sheep. Compared with a) and ¢) different cells react positively. Magnification x 400

product. A similar reaction is seen in a section of the
same tumour after treatment with a C-peptide anti-
body (Fig. 2e¢). :

Fig. 3 demonstrates the different reaction in the
tumour of case 13 of Table 1. Compared with Fig. 2a
only few tumour cells show a strongly dark brown
reaction product, whereas the majority of the cells
remains unstained. The same result can be achieved
in a parallel section incubated with a C-peptide anti-
body. The IRI concentration of this tumour was low.
Only one B-cell adenoma (case 10 of Table 1) showed a
stronger C-peptide than insulin reaction (Fig. 4a, b).
All the other B-cell tumours listed in Table 1 show
identical staining bebaviour after treatment with an
insulin or C-peptide antiserum. With glucagon anti-

product after incubation with an insulin or C-peptide
antiserum. In cases 11 and 13 half a year after ope-
ration the staining intensity was still unchanged.

Fig. 5a demonstrates the immunohistologic re-
action of a B-cell adenoma (case 8 of Table 1) one year
after extirpation. Only a faint reaction product is
vigible compared with Fig. 2a. In contrast, Fig. 5b
shows a normal islet of the adjacent pancreas in-
vestigated one year after the extirpation. The inten-
sity of the reaction did not change.

Fig. 6a demonstrates the weak reaction in a B-cell
adenoma characterized by a high IRI concentration if
studied 4 years after extirpation of the tumour. How-
ever, in pancreatic tissue of the same case embedded
in paraffin 4 years ago the normal islets continued to
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Fig. 2. a} Immunohistologic
demonstration of insulin in a
B-cell adenoma (case 8 of
Table 1). Technique as in
Fig. 1. Numerous insulin-
containing tumour cells are
seen on the left hand side, a
normal islet in the adjacent
pancreas is seen on the right
hand side. Magnification X
160.

b) Control section to a).
Magnification x 160,

¢) The same tumour stained
with an anti-C-peptide
serum. Magnification X 400



Vol. 8, No. 4, 1972 R. Arnold et al.: Immunohistologic Investigations of Human Insulinomas 255

31 '\P.'.. £ 5
U AR MR
NV peely Sl &
2o ) £ %

e,
Y R

Fig. 3. Only few B-cells react in this tumour with an anti-insulin serum compared with Fig. 2a, whereas the majority
of the cells remain unstained (case 13 of Table 1). Magnification x 400
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£
Fig.4. Comparison between the insulin a) and C-peptide b) stain in the B-cell adenoma (case 10 of Table 1). Same

area in consecutive serial sections, After incubation with an anti-C-peptide serum a stronger reaction product is seen.
Magnification x 400
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give a strongly positive reaction to insulin antibodies
(Fig. 6b).

On evaluating only those tumours, investigated
immediately after extirpation (i.e. excluding falsely
negative immunohistologic results caused by ageing
of the tumour material) a superiority of the immuno-
histology to the aldehyde-thionin method in demon-
strating insulin is apparent. 7 tumours gave a positive
immunohistologic reaction; only the carcinoma (case
12 of Table 1) was negative. In contrast, only 6 of the
7 immunohistologically positive cases gave a positive
and in addition often very weak aldehyde-thionin
stain in some cells.

R. Arnold et al.: Immunohistologic Investigations of Human Insulinomas
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14 of Table 1) 7 reacted with insulin antiserum but not
with glucagon antiserum. The negative reaction of
case 12 could be explained by its extremely low IRI-
concentration (B-cell carcinoma with numerous liver
metastases).

The immunohistologic reaction with insulin anti-
serum had markedly decreased one year after embed-
ding in 4 tumours (cases 7 to 10 of Table 1). On the
other hand, the islets of the adjacent pancreas reacted
with an insulin antiserum after one year and later as
strongly as immediately after extirpation of the tumour.
This suggests, that the immunohistologic reaction of
insulin in B-cell tumours, but not in normal islet

Fig. 5. Immunohistologic demonstration of insulin in the tumour a) and in an islet of the adjacent pancreas b) one
year after extirpation. Same case as in Fig. 2. Compared with Fig. 2a, the intensity of reaction decreases in the tumour
one year after extirpation and embedding in paraffin, but not in the adjacent pancreas. Magnification X 400

Diseussion

In contradiction to several authors [4, 9, 10, 11, 14,
19] who were unable to demonstrate insulin immuno-
histologically in human B-cell tumours our findings
were positive in most insulinomas fixed in Bouin’s
solution and embedded in paraffin. Of 8 tumours in-
vestigated immediately after extirpation (cases 7 to

tissue, depends on the time elapsed between the paraf-
fin embedding and the immunohistologic examination.
This conclusion is supported by the findings on B-cell
tumours investigated immunohistologically for the
first time 1 to 4 years after paraffin embedding. Tn
this group only one tumour (case 1 of Table 1) had a low
IRI concentration, which could explain the negative
reaction, while 5 tumours (cases 2 to 6) had a high IRI
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concentration. Inspite of this, one tumour was immuno-
histologically negative (case 5) and the others reacted
only weakly compared to the strong reaction in the
islets of the adjacent pancreas of the same cases.
Thus two factors may be responsible for a negative
immunohistologic finding in insulinomas: first an
unusually low concentration of insulin and secondly
an “ageing” of the paraffin embedded material. In
addition the method of fixation is important. Tumour
tisgue fixed in Bouin’s solution (after 60 min or 11 h)
gave & positive immunohistologic reaction, while
tissue fixed in Karnovsky’s solution did not react.
However, normal B-cells, i.e. the B-cells in the islets

R. Arnold et al.: Immunohistologic Investigations of Human Insulinomas
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differences between the normal and the tumour insulin.
Radioimmunochemically the tumour insulin is in-
distinguishable from normal human insulin. In all our
patients elevated IRI levels were found in the plasma
and in the tumour extracts. Smith, cited by Lacy
[11], did not find differences in the amino acid com-
position of the A and B chain of insulin extracted
from geveral insulinomas.

However, similar observations have been made
recently with the immunohistologic demonstration of
glucagon-producing cells of the islets of Langerhang
and of the intestinal mucosa [20]. Glucagon-producing
cells may be stained by labelled antibodies in Bouin,

b

Fig. 6. a) Immunohistologic demonstration of insulin in a B-cell adenoma 4 years after embedding in paraffin

(case 3 of Table 1). Only a faint stain is seen. Magnification x 400. b) Immunohistologic demonstration of insulin in an

islet of Langerhans 4 years after embedding in paraffin. Unchanged strong positive reaction {(case 3 of Table 1).
Magnification x 400

of Langerhans of the adjacent pancreas were stained
even after fixation in Karnovsky’s solution.
According to these findings the normal B-cells
differ in two aspects from the tumour B-cells: first
they do notloose their reactivity with insulin antiserum,
if embedded in paraffin and kept for up to four years;
secondly they react with insulin antiserum even after
fixation in Karnovsky’s solution, This suggests some

Carnoy or formalin fixed normal pancreas [3, 17], but
not in the intestinal mucosa fixed by the same methods.
This is surprising, because intestinal and pancreatic
glucagon can be agsayed radioimmunochemically with
the same antibody [23]. However, after the fixation of
intestinal mucosa with carbodiimide successful de-
monstration of glucagon has been achieved [20].
Apparently only the carbodiimide fixed enteroglucagon
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permits the formation of an antigen-antibody re-
action, whereas other fixatives obviously block the
antibody combining site.

Considerable differences between pancreatic and
gut glucagon are known biologically, chemically and
radioimmunologically {6, 13, 22, 24, 25]. This has not
been found in the case of human islet and tumour
insulin. However, our findings suggest some differ-
ences.

The positive reaction of the B-cells in the insulin-
omas and in the normal pancreas also by using an
antibody against porcine C-peptide requires further
comment. Insulin and C-peptide are retained in the
B-cells in equimolar amounts [21]. But since human
and poreine C-peptide differ in 8 positions of the amino
acid sequence [8], the positive staining reaction in
human B-cells after treatment with a porcine C-peptide
antibody is surprising. This might suggest, that the
immunologic determinants of human and porcine
C-peptide are localized on common segments of both
polypeptide chaing. Therefore, it seems possible, that
the porcine C-peptide antibody used in our investiga-
tions permits the immunohistologic localization of
human C-peptide or other precursors of insulin bio-
synthesis.

As indicated in Table 1 the staining with aldehyde-
thionin is inferior to the immunohistology in demon-
strating insulin-producing cells in the tumours. In
contrast to the immunohistology the aldehyde-thionin
method does not depend alone on the IRI concentra-
tion of an insulinoma. A completely negative or very
poor staining reaction may occur in ingulinomas which
had a high IRI concentration and a strongly positive
immunohistologic reaction with insulin antiserum.
Ultrastructurally it was seen that aldehyde-thionin
negatively but immunohistologically positively re-
acting B-cells confain only atypical Beta-granules,
i.e. small electrone dense granules with tightly fitting
membranes. On the other hand, all aldehyde-thionin
positive tumours contained B-cells with typical Beta-
granules [1].
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