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ond theory is that, in the presence of BrdU, some DMs may
not replicate their DNA at all or replicate only once during the
two cell cycles. For harlequin chromatin staining to appear,
BrdU must be incorporated in the DNA of DMs for two con-
secutive cycles. Consequently, this research indicates for the
first time that the DM-DNA may have two modes of repli-
cation. Usually, it may replicate once during S phase of the cell
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cycle concurrently with chromosomal DNA. Sometimes, how-
ever, it might escape replication during S phase, while chromo-
somal DNA does replicate. The differential DNA replication
patterns of DMs might produce uneven numbers of DMs in
subsequent cell generations and might cause numerical hetero-
geneity of DMs in a cell population undergoing anomalous
mitotic segregation.

8 Barker, P.E., Drwinga, H.L., Hittelman, W.N., and Maddox, A.,
Exp. Cell Res. 130 (1980) 353.
9 Igarashi, A., J. gen. Virol. 40 (1978) 531.
10 Herrera, R.J.,, Ph. D. Thesis, Fordham University, New York,
N.Y., 1982.

0014-4754/85/010085-02$1.50 + 0.20/0
© Birkhduser Verlag Basel, 1985

Glucagon and pancreatic polypeptide immunoreactivities co-exist in a population of rat islet cells
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Summary. In mammalian pancreas, glucagon and pancreatic polypeptide have been shown to be present in distinct cell types. The
present communication reports that, in rat pancreas, in addition to glucagon and pancreatic polypeptide cell populations, there is
a small population of cells which contain both glucagon and pancreatic polypeptide immunoreactivities.

Key words. Co-existence of glucagon; pancreatic polypeptide.

Immunocytochemical studies have shown that, in mammals
and many other vertebrates, the four major pancreatic hor-
mones, insulin, glucagon, somatostatin and pancreatic poly-
peptide, are located in four distinct cell types'™. We reported
earlier that, in frog pancreas, glucagon and pancreatic poly-
peptide overlap in distribution, i.e. a majority of glucagon
containing cells also contain pancreatic polypeptide®®. The
present communication reports that in one mammalian species,
rat, there is also a small degree of overlap in cellular distribu-
tion of glucagon and pancreatic polypeptide. In the rat pan-
creas, in addition to glucagon containing cells and pancreatic
polypeptide containing cells, there is another population of
cells which contain both glucagon and pancreatic polypeptide
immunoreactivities. This observation suggests that glucagon
and pancreatic polypeptide may be phylogenetically and bio-
chemically closely related.

Materials and methods. Pancreases from five normal Sprague-
Dawley adult rats were fixed in 2% glutaraldehyde in 0.1 M
phosphate buffer and embedded in Epon 812. Plastic sections
of 1-1.5 pm were collected on glass slides. Before immuno-
histochemical staining, the plastic sections were deplasticized
with alcoholic sodium hydroxide solution according to Lane
and Europa. The nature of the hormonal content of the pan-
creatic islet cells was demonstrated by staining the deplasti-
cized section of pancreas with rabbit antiserum to porcine glu-
cagon’ or rabbit anti-serum to bovine pancreatic polypeptide®
by the preroxidase anti-peroxidase (PAP) technique of Stern-
berger’. The anti-glucagon serum was used at 1:2000 dilution
and the anti-pancreatic polypeptide serum was used at 1:5000
dilution. Specificity of each antiserum was demonstrated by
staining adjacent sections with the antiserum absorbed with
homologous or heterologous antigen (100 pg/ml diluted antise-
rum) prior to staining.

The distribution of glucagon and pancreatic polypeptide im-
munoreactivities in pancreas were studied by the following two

experiments: (1) Two adjacent plastic sections were deplasti-
cized and stained for glucagon and pancreatic polypeptide, re-
spectively. The staining patterns of islets of these two adjacent
sections were photographed and compared. (2) A plastic sec-
tion was first stained with glucagon antiserum. The positively
stained cells were visualized using 4-chloro-1-naphthol as the
reducing agent in the PAP method. The staining pattern of
islets was photographed. The same section was then treated
with alcohol and KMnO,/H,SO, solution according to the me-
thod of Tramu et al.!® to remove the reaction product of 4-
chloro-1-naphthol and tissue-bound antibodies. The section
was then restained with a second antibody, anti-bovine pan-
creatic polypeptide by the PAP method. The stained islets were
again photographed. The staining patterns of the same islet in
the two staining sequences were compared. To test the effec-
tiveness of the antibody removal procedure in this experiment,
a control section was run simultancously with the experimental
section. The control section was stained for glucagon identi-
cally as for the experimental section during the first staining
sequence. After being subjected to procedure for removal of
the bound antibodies, this section was stained with normal
rabbit serum instead of the anti-pancreatic polypeptide serum
in the second staining sequence. The control section was nega-
tively stained after the second staining sequence of PAP proce-
dure, indicating complete removal of bound antibodies of first
staining sequence.

Results and discussion. Comparison of adjacent sections, re-
spectively stained with anti-glucagon and anti-pancreatic poly-
peptide sera, and sequential staining of a same section with the
two antisera showed that a small number of islet cells are im-
munoreactive to both antisera in addition to sole glucagon im-
munoreactive cells and pancreatic polypeptide immunoreactive
cells.

Figure 1 shows part of an islet in two adjacent sections stained
respectively with antiglucagon (fig. 1A) and antipancreatic
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polypeptide (fig. 1B) sera. In addition to distinct glucagon im-
munoreactive cells, a cell which contains both glucagon and
pancreatic polypeptide immunoreactivities is seen in this islet
(arrows). The thickness of the sections (approximately 1 p) in-
dicates the unlikeliness of such an observation of overlap being
due to the presence of two separate cells in these two adjacent
sections.

Figure 2 shows another islet, first stained with antiserum to
glucagon (fig. 2A) and then stained again with antiserum to
bovine pancreatic polypeptide after removal of reaction prod-
uct and bound antibodies (fig. 2B). Again, it is demonstrated
that, in addition to cell populations that react to glucagon
antiserum and bovine panecreatic polypeptide antiserum,
respectively, there is a population of cells which react to both
antisera (arrows in fig. 2). The complete removal of the bound
first antibody was demonstrated by the absence of staining in
all previously stained islets when normal rabbit serum was
used in place of second primary antibody in the second stain-
ing sequence. Thus, the positive stain observed in figure 2B is
due to the presence of antigen which bound to anti-bovine
pancreatic polypeptide serum.

That the co-localization of glucagon and pancreatic polypep-
tide in certain islet cells is not due to the cross-reactivity of the
antisera and antigens involved is demonstrated in the fact that
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glucagon and pancreatic polypeptide immunoreactivities are
not co-localized in most islet cells. Further, specificity control
experiments showed that each of the two antisera abolished its
stainability when absorbed with its respective antigen, but did
not diminish its staining reactivity when absorbed with heterol-
ogous antigen.

In the double staining experiment, the glucagon immunoreac-
tivity appeared more uniformly distributed in the cells (2A),
whereas subsequent staining of the same cells with anti-pan-
creatic polypeptide serum resulted in discrete patches of posi-
tive stain (2B). This does not reflect true difference in the dis-
tribution of these two immunoreactivities. Rather, it represents
artifact in the antipancreatic polypeptide serum stained cells
caused by antibody removal procedure. Cells in a section will
show patchy staining pattern with either glucagon or pancrea-
tic polypeptide antiserum if subjected to antibody removal
treatment prior to staining. It is not clear how the antibody
removal procedure affected the staining pattern.

Examination on sections taken from head, body, and tail of
pancreas showed that the glucagon-pancreatic polypeptide
cells were present in islets of all portions of the pancreas. How-
ever, not all islets contain these dual hormone containing cells.
Preliminary quantitation in 40 randomly selected islets from
sections of five animals showed that of all the cells that contain
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Figure 1. Two adjacent plastic sections of the same islet stained with antiglucagon serum (1A) and anti-bovine pancreatic polypeptide serum (1B).
Arrows point to the same cell which is stained in both sections. Both sections were stained by PAP method using DAB as chromogen and

counter-stained with hematoxylin. Bar = 20 pm.

Figure 2. A plastic section was first stained with antiglucagon serum (2A) and then decolorized, bound antibodies eluted and then stained with
anti-bovine pancreatic polypeptide serum (2B). Arrows point to the cells that are immunostained by both glucagon and bovine pancreatic polypep-
tide antisera. Figures 2A and 2B were both stained by PAP method using 4-chloro-1-naphthol as chromogen. Bar = 20 pm.
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glucagon and/or pancreatic polypeptide immunoreactivities,
approximately 75% of the cells contain only glucagon immu-
noreactivity, 15% contain only pancreatic polypeptide immu-
noreactivity, whereas 10% of the cells contain both immuno-
reactivities. The detailed distribution of these three cell types in
islets of different regions of the pancreas remains to be studied.
Presence of multiple peptides in one cell type is not uncommon
in nervous and endocrine systems'!, including the A cells in
endocrine pancreas'>!®, In some instances, such presence of
multiple peptides can be attributed to the presence of a large
precursor hormone!> 'S, However, presence of separate synthe-
tic machineries in the same cells is also possible'’. The possi-
bility that the present observation represents the identification
of a new peptide which contains the immunodeterminants of
both glucagon and pancreatic polypeptide also exists. Relevant
to the present observation are the reports of presence of bovine
pancreatic polypeptide, glucagon and glicentin immunoreactiv-
ities in human colorectal mucosa'® and in cat intestine®. Gli-
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centin is known to contain the immunodeterminants of gluca-
gon®?'. But, the relationship of glicentin to bovine pancreatic
polypeptide is unknown.

Nevertheless, the presence of glucagon and pancreatic poly-
peptide immunoreactivities in the same cells in frog*® and, to a
lesser extent, in rat suggests a close relationship of the two
peptides. It is tempting to speculate that, perhaps at some
point in vertebrate evolution, these two peptides were handled
simultaneously in their production, and that these glucagon-
pancreatic polypeptide cells in rat represent a primitive cell
type which handles glucagon and pancreatic polypeptide pro-
duction in a similar manner as frog islet cells do.

In addition to immunohistochemical studies in other verte-
brates, future biochemical and physiological studies are neces-
sary to understand the exact nature of the relationship between
glucagon and pancreatic polypeptide and the significance of
jd;e glucagon and pancreatic polypeptide containing cells in rat
1slets.
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Loss of antibody production accompanied by chromosome loss in a cloned hybrid line secreting antibodies to

sheep red blood cells
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Summary. Somatic cell hybrids between Sp2/0-Agl4 mouse myeloma cells and lymphocytes derived from BALB/c mice hyper-
immunized with sheep red blood cells (SRBC) were produced. One hybrid producing 1gG, antibody to SRBC was selected, cloned
twice and subsequently transferred to BALB/c mice. After a number of transfers it was found that the antibody titer in ascites
fluid gradually decreased. Cytogenetic analysis revealed gradual chromosome loss in the hybrid clone, which produced

progressively less antibody.
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chromosome loss.

The somatic cell hybridization technique developed by Kohler
and Milstein? has made it possible to generate hybrid cell
lines synthesizing monospecific antibodies. However, the pro-
duction of antibody is often lost when the hybrids are grown in
mass culture. This could probably be due to a number of fac-
tors. In the work described in this report it was found that the
loss of specific antibody production is accompanied by, and is
most likely due to chromosome loss.

Materials and methods. BALB/c mice were injected twice with
2 x 107 SRBC ip. at two-week-intervals and boosted after
three weeks with the same dose. Spleens were taken three days

later. 4-x 10° pooled spleen cells from three mice were fused
with 2 x 10° Sp2/0O-Agl4 myeloma cells using polyethylene
glycol 1500 (Merck), essentially as described previously by
Galfre et al.>. Specific antibodies to SRBC were detected using
a standard hemagglutination assay. Cloning and recloning of
hybrid cultures was performed under limiting dilution condi-
tions®. The karyotype of ascites fluid cells was analyzed ac-
cording to the method of Ford®.

Results and discussion. Spleen cells from BALB/c mice hyper-
immunized with SRBC were fused with Sp2/0-Agl4 myeloma
cells and plated in two 96-well tissue culture clusters at 0.2 ml



