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Abstract The diabetic Chinese hamster is a well-estab-
lished animal model for NIDDM with a defective glu-
cose-induced insulin secretory response. In the pancreas
of nondiabetic hamsters, the GLUT2 glucose transporter
was localized in the plasma membrane of insulin-posi-
tive beta cells. At variance with the rat, immunoreactivi-
ty was also detected in the cytoplasm. Other islet cell
types were not GLUT?2 positive. GLUT2 immunoreactiv-
ity was already significantly reduced in beta cells from
mildly diabetic animals in spite of a normal insulin im-
munoreactivity. In severely diabetic animals the majority
of the beta cells had lost GLUT2 immunostaining. This
observation was confirmed in a Western blot analysis of
the GLUT?2 protein in isolated pancreatic islets. Only be-
ta cells that were densely immunostained for insulin
were still GLUT?2 positive. However, around 40% of the
beta cells devoid of GLUT2 immunoreactivity were still
insulin immunoreactive. Thus, the loss of GLUT2 immu-
noreactivity, which is an important component of the
glucose recognition apparatus of the pancreatic beta cell,
is an early indicator of beta cell dysfunction before the
development of degenerative lesions or the loss of insu-
lin immunoreactivity. GLUT?2 loss may be important in
the deterioration of glucose-induced insulin secretion in
the diabetic Chinese hamster.
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Introduction

The Chinese hamster is an excellent animal model for
NIDDM [8]. In previous morphological studies the
changes in the pancreatic islets and the destruction of the
beta cells during the development of diabetes have been
documented [7, 9, 18, 19]. The degenerative beta cell
lesions are accompanied by a deterioration of glucose-in-
duced insulin secretion [6].

Together with glucokinase, the low-affinity plasma
membrane GLUT?2 glucose transporter in the pancreatic
beta cell is responsible for recognition of glucose as the
signal for glucose-induced insulin secretion [16, 17, 20].
Rat pancreatic beta cells display a dense immunostaining
for GLUT? in the cell membrane [12, 29] with a prefer-
ential localization on microvillous domains {23]. In pan-
creatic beta cells from various rat and mouse models of
type I and type II diabetes a reduction or even a complete
loss of GLUT2 expression has been described [13, 21,
22,24, 25, 27, 30, 31]. No immunocytochemical studies
on GLUT?2 expression in beta cells in Chinese hamsters
have been performed.

In the present study, GLUT2 glucose transporter ex-
pression has been studied by the use of immunocyto-
chemical methods in semithin sections of pancreatic beta
cells from normal and diabetic Chinese hamsters and in
Western blots. We show that the development of diabetes
in Chinese hamsters is accompanied by a concomitant
reduction of GLUT2 immunoreactivity, which precedes
the loss of insulin immunoreactivity and ultrastructural-
ly, the development of the degenerative lesions in the af-
fected beta cells.

Materials and methods

Animals

Chinese hamsters aged 5-7 months and of both sexes (25-37 g
body weight), bred in the Central Institute for Laboratory Animal
Breeding in Hannover/Germany, were used. Animals were kept
under standard laboratory conditions and had free access to food
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and drinking water. Measurements of nonfasting blood glucose
values at weekly intervals and, in addition, glucose tolerance tests
at intervals of 6 weeks to characterize the changes in the metabolic
state of the animals showed that Chinese hamsters can be subdi-
vided into controls and mildly diabetic and severely diabetic ani-
mals [15]. Animals were diabetic for 3-4 months before the exper-
iments. Pancreata and (for reference purposes) liver, kidney and
small intestine were isolated from control Chinese hamsters
(CHIA/Han subline; blood glucose 7.3+0.9 mM; n=9), from mild-
ly diabetic (CHIG/Han subline; blood glucose 9.3+0.4 mM; n=12)
and severely diabetic Chinese hamsters (CHIG/Han subline; blood
glucose 26.4+7.6 mM; n=8). Nonfasting blood glucose concentra-
tions were measured at sacrifice with the glucose oxidase method.

Light microscopy

Small pancreatic tissue specimens from the splenic part or corpus
were quenched in isopentane precooled in liquid nitrogen, freeze-
dried (-35°C for 72 h) and fixed by vapor-phase p-formaldehyde.
In addition, small and larger pieces of pancreatic and hepatic, re-
nal and small intestinal tissue were fixed in Bouin’s solution. The
small specimens were embedded in Araldite and the larger pieces
in paraffin. The specimens embedded in Araldite were used for
demonstration of the quantitative changes in the immunoreactivi-
ties for insulin and GLUT?2 glucose transporter.

Electron microscopy

Small pancreatic specimens from the splenic part or corpus were
fixed in a solution of 4% p-formaldehyde and 0.5% or 2% glutar-
aldehyde in 0.1 M cacodylate buffer, pH 7.3. Most of the speci-
mens were postfixed in 1% OsO, for 1 h. Finally, all specimens
were embedded in Epon. Thin sections (50—80 nm) were cut on an
ultramicrotome. The sections were contrast-stained with saturated
solutions of lead citrate and uranyl acetate and viewed in an elec-
tron microscope.

Immunohistochemical protocol

Serial semithin sections (0.5-1.0 pm) were stained using the avi-
din-biotin complex (ABC) method [11]. Following the removal of
the resin and incubation with the first antibody overnight a biotin-
ylated goat anti-rabbit IgG (1:100; 30 min) and a streptavidin—bi-
otin—peroxidase complex (1:1,000; 30 min), both obtained from
Jackson Immuno Research, West Grove, USA, were used as sec-
ond and third layers. The demonstration of the peroxidase was
performed with 0.7 mM diaminobenzidine and 0.002% H,0, in
0.05 M Tris HCI buffer, pH 7.6.

Antisera and specificity controls

Polyclonal antisera against insulin (Novo, Bagsvaerd, Denmark),
diluted 1:7,000, glucagon (Milab, Malmo, Sweden), diluted
1:30,000 and somatostatin (Dr. Etzrodt, Ulm, Germany), diluted
1:8,000 were used in the present study. In addition a polyclonal
antiserum against the rat GLUT2 glucose transporter (WAK-
Chemie, Bad Homburg, Germany) was used in a dilution of
1:10,000-1:30,000. The antisera against islet hormones have been
used successfully in previous studies, in which they have been ex-
amined for method and antibody specificity [3, 10]. The antiserum
against the GLUT?2 glucose transporter has also been characterized
biochemically and immunocytochemically [29]. In the present
study this antiserum was tested for antibody specificity by pread-
sorption with the GLUT2 peptide (WAK-Chemie) and peptides
with unrelated specificities (insulin from Novo, Bagsvaerd, Den-
mark and glucagon from Serva, Heidelberg, Germany in concen-
trations of 6.25-100 pg/ml). Upon preadsorption with the homolo-
gous antigen GLUT?2 at concentrations as low as 6.25 pg/ml the
GLUT2 immunostaining disappeared completely. In particular,

both the cell membrane and cytoplasmic staining of the GLUT2
glucose transporter were absent after preadsorption with GLUT2
peptide in the endocrine pancreas of the nondiabetic and diabetic
Chinese hamsters. Control experiments performed in the rat pan-
creas also showed the familar GLUT?2 staining of the cell mem-
brane, which was similarly abolished after preadsorption. In addi-
tion, larger pancreatic specimens were studied to confirm these re-
sults in a greater area of the pancreas.

Morphometrical analysis

The serial semithin sections were immunostained sequentially for
the established islet hormones or only for insulin and the GLUT2
glucose transporter. Serial sections immunostained for the islet
hormones were used for the study of the histology of the islets in
nondiabetic animals and the changes within the islets in the dia-
betic state. This allows a correlation between the reduced immu-
noreactivities for insulin and GLUT2 in the beta cells during dia-
betes development and changes in the histology of the islet.

In 5-8 animals in each experimental group the volume fraction
of all beta cells was determined in 5-10 sections of islets immuno-
stained for insulin by measuring the cross-sectional area of beta
cells (>80% with nucleus) within the islet and dividing by the total
area of the islet. In control experiments it was confirmed that the
total area for insulin, glucagon and somatostatin immunoreactivies
was the same as the total islet area. To document the development
of diabetes, intact beta cells and beta cells with degenerative le-
sions within 3-5 islets in 4 animals in each experimental group
were counted in thin sections. Using the consecutive semithin/thin
section sequence, beta cells identified on the basis of the degree of
their GLUT?2 or insulin immunoreactivity in one of the semithin
sections were examined ultrastructurally in the next thin section.
To verify the changes in the immunoreactivities of GLUT2 after
the onset of diabetes the immunoreactivities were densitometrical-
ly determined by a computer-assisted system, the Interactive Im-
age Analysis System (IBAS, Zeiss-Kontron, Munich, Germany)
using a program for densitometric analysis as described previously
[1, 5, 10]. The images of whole islets or beta cells were recorded
with a CCD/89D video camera (Sony, Tokyo, Japan) after the illu-
mination value (area without section) had been constantly set to a
grey value of 170 (Light Control Unit LCU 2; Kontron, Munich,
Germany). The densities of the immunoreactivities were trans-
ferred into grey values given as arbitrary units (l=black,
255=white). After background subtraction the grey values of the
GLUT2 immunoreactivities ranged between 95 and 160 and the
mean values of GLUT2 immunoreactivities within single cells be-
tween 120 and 160. The distribution of grey values in a defined ar-
ea was plotted in a histogram and expressed as integrated grey val-
ues/Wm?. The total amount of GLUT2 immunoreactivity (integrat-
ed grey values/im?) within the islets was measured by setting a
threshold of 160 to avoid overlapping with unspecific staining in
10-15 islets from control animals and from mildly and severely
diabetic animals. This makes it possible to exclude areas without
specific staining, i.e. areas that exhibit background staining only,
such as alpha cells and other non-beta cells and beta cell nuclei. In
parallel with this procedure, the same islets were analysed densi-
tometrically by measuring the GLUT2 immunoreactivity in the
immunostained areas of each beta cell. Then the beta cells were
subdivided into cells densely (121-140) and faintly (141-160) im-
munostained for GLUT2. The results are given as mean val-
ues+SEM, and were tested for statistical significance with Stu-
dent’s t-test. In addition, insulin and GLUT2 immunoreactivities
of the beta cells from pancreata of diabetic hamsters were deter-
mined densitometrically to compare GLUT2 immunoreactivity
with their corresponding insulin immunoreactivity.

‘Western blot analysis

Pancreatic islets were isolated by collagenase digestion, washed in
Krebs-Ringer bicarbonate buffer and stored in liquid nitrogen.



Batches of 300 islets were sonicated in a buffer containing 3%
SDS, 80 mM Tris-HCl (pH 6.8), 5 mM EDTA and 10% glycerol.
Insoluble material was pelleted by centrifugation at 14,000 g and
4°C for 15 min. The protein content of the supernatant was deter-
mined by a BCA assay (Pierce, Rockford, USA) using bovine al-
bumin as standard. In each lane 30 uwg protein was resolved on
10% SDS polyacrylamide gels and transferred to PVDF mem-
branes by semi-dry electroblotting. Equal loading of the gel was
confirmed by staining membranes with Ponceau S (Sigma, St.
Louis, Mo.). Membranes were blocked for 60 min at 37° C in PBS
containing 0.05% Tween-20 (PBS-T) and 5% non-fat dry milk.
The polyclonal rabbit anti-rat GLUT2 antibody (WAK-Chemie)
was diluted 1:5,000 in PBS-T and incubated for 2 h at room tem-
perature. After two washes in PBS-T for 15 min at room tempera-
ture, membranes were incubated in PBS-T for 1 h at room temper-
ature with sheep anti-rabbit Ig horseradish peroxidase-labelled an-
tibody (Sigma) diluted 1:10,000. The membranes were finally
washed twice for 15 min in PBS-T, and detection was performed
by the ECL chemiluminescence system (Amersham, Braun-
schweig, Germany) on light-sensitive Hyperfilm MP (Amersham).
The autoradiograms were quantified by densitometry using the
Tmage 1.52 analysis program (NIH, Bethesda, Md.).

Results
Histology of the islets of Langerhans

Islets of Langerhans in pancreata from Chinese hamsters
varied markedly in their maximal diameters. The endo-
crine cells within the islets showed a typical arrange-
ment. The islet periphery, which is called its mantle, was
mainly composed of glucagon (alpha) and somatostatin
(delta) cells, whereas the beta cells were mostly local-
ized in the centre of the islet. This confirms earlier ob-
servations in this species [9, 18, 19]. In parallel with the
development of diabetes in Chinese hamsters, the mor-
phology of the islet changed. The volume fraction of be-
ta cells in the islets was significantly reduced (P<0.05) to
56x£3% in the pancreata of mildly diabetic hamsters
(n=8) and to 38+4% in the pancreas of severely diabetic
hamsters (n=8), as against 79+4% in the pancreata of
control animals (n=5). In many islets with a reduced
number of beta cells the alpha and delta cells were also
detected in the centre of the islets.

Immunocytochemical characterization
of GLUT2 and insulin in pancreatic beta cells

Nondiabetic Chinese hamsters

Beta cells in islets and in extra-islet positions mostly dis-
played dense immunoreactivity for insulin (Fig. 1a) and
GLUT2 (Fig. 1b). Immunoreactivity for GLUT2 was de-
tected only in beta cells (Fig. 1b). Other islet cell types
were not GLUT?2 positive. As shown in Fig. 2a at a high-
er magnification, immunoreactivity was localized both in
the cell membrane and in the cytoplasm. The densities
for GLUT2 immunoreactivity varied markedly among
beta cells within the islets, but there was no relationship
with the extent of insulin immunoreactivity. Dense
GLUT?2 immunoreactivity was detected both in beta cells
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with strong insulin immunoreativity and in hyperactive
degranulated beta cells. The hepatocytes, the tubular
cells of the kidney and the enterocytes of the small intes-
tine showed GLUT2 immunoreactivity in the cell mem-
brane but not intracellularly (data not shown).

Mildly diabetic Chinese hamsters

During the initial stages of the development of diabetes
38% of the islets showed degenerative lesions. Beta cells
in islets without degenerative changes exhibited the same
immunostaining for insulin and GLUT?2 as beta cells in
nondiabetic Chinese hamsters. Beta cells in islets with
degenerative lesions displayed a normally dense insulin
immunoreactivity (Fig. 1c) but a reduced immunoreac-
tivity for GLUT2 (Figs. 1d, 2b). Quantitative analysis re-
vealed that the number of densely GLUT2 immuno-
stained beta cells decreased significantly (P<0.05), from
67+5% in the islets from control animals (n=4) to
50x4% in the islets from mildly diabetic hamsters (n=4).
The total GLUT2 immunoreactivity decreased signifi-
cantly (P<0.05), from 439+97 grey values/um? in the is-
lets from control animals (n=4) to 253+56 grey val-
ues/Um? in the islets from mildly diabetic hamsters
(n=4).

Severely diabetic Chinese hamsters

The endocrine pancreas showed a marked decrease in the
number and size of the islets, and also a significant nu-
merical reduction in beta cells, resulting in the appear-
ance of vacuoles in the islet (Fig. 1e,f); in addition, vacu-
olization of variable extent was also evident in the cyto-
plasm of the beta cells — a possible sign of degeneration
(Fig. le,f). The vacuoles did not contain fat or hyalin
(Fig. 5¢). In comparison with the dense and mostly ho-
mogeneous immunostaining for insulin in the nondiabet-
ic state, the beta cells from severely diabetic hamsters
exhibited a heterogeneous and mostly faint immuno-
staining for insulin (Fig. le). Only a very few beta cells
still showed a dense immunoreactivity for GLUT2 (Figs.
1f, 2¢). Quantitative analysis revealed that the number of
densely GLUT2-immunostained beta cells decreased sig-
nificantly (P<0.01), from 67+4% in the islets from con-
trol animals (n=4) to 15+4% in the islets from severely
diabetic hamsters (n=4). The total GLUT2 immunoreac-
tivity decreased significantly (P<0.01), from 439+97
grey values/um? in the islets from control animals (n=4)
to 124421 grey values/wm? in the islets from severely di-
abetic hamsters (n=4).

The beta cells still densely immunostained for insulin
also displayed dense GLUT2 immunoreactivity both in
the cell membrane and in the cytoplasm (Fig. le,f).
There was a significant correlation (P<0.05) between
GLUT2 and insulin immunoreactivity in beta cells from
the severely diabetic hamster pancreata, with a correla-
tion coefficient (r) of 0.94 (Fig. 3). However, most re-
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Fig. 1a-f Changes in insulin and GLUT2 immunoreactivities in
Chinese hamster pancreatic beta cells during development of diabe-
tes. Serial semithin sections of the hamster pancreas from controls
(a, b) mildly diabetic (¢, d) and severely diabetic animals (e, f)
were immunostained for insulin (a, ¢, e) and GL.UT2 (b, d, f). Pan-
creatic beta cells exhibit immunoreactivities for GLUT2 in the cell

membrane as well as in the cytoplasm. GLUT2 immunoreactivity is
reduced in most of the beta cells during the mildly diabetic state
(d). Insulin immunoreactivity is reduced only in beta cells from se-
verely diabetic animals (e). In pancreatic islets from diabetic ham-
sters only beta cells densely immunostained for insulin (arrows)
also display an immunoreactivity for GLUT2 (arrows). x350
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Fig. 2a~c¢ Changes in GLUT2 immunoreactivity in Chinese ham-
ster pancreatic beta cells during development of diabetes. Serial
semithin sections of the pancreas from a a control, b a mildly dia-
betic, and ¢ a severely diabetic animal were immunostained for
GLUT2. Pancreatic beta cells exhibit immunoreactivities for
GLUT?2 in the cell membrane (arrows) as well as in the cytoplasm
(arrowheads). GLUT2 immunoreactivity is reduced during devel-
opment of diabetes in both localizations. x1,400

markably, around 40% of the beta cells devoid of
GLUT2 immunoreactivity were still insulin immunore-
active (Fig. 3). This shows that the beta cells lost GLUT2
immunoreactivity prior to insulin immunoreactivity. In
addition, beta cells at extraislet positions exhibited a
dense insulin and GLUT2 immunoreactivity independent
of the diabetic state, and remained thus unchanged in
comparison with those from control animals.

Irrespective of the reduction of the GLUT2 immuno-
reactivity in pancreatic beta cells from diabetic Chinese
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Fig. 3 Correlation between GLUT2 and insulin immunoreactivity
in pancreatic beta cells from the severely diabetic Chinese ham-
sters. Immunoreactivities were quantified densitometrically and
expressed as percentages of the highest density
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Fig. 4 Western blot analysis of GLUT?2 protein in pancreatic is-
lets from nondiabetic control Chinese hamsters (C), and animals
with mild diabetes (MD) and with severe diabetes (SD). Protein
(30 pg) from islet homogenates was loaded on each line and
probed with a polyclonal rabbit anti-rat GLUT?2 antibody. Molecu-
lar weights are indicated on the left. Blot shown is representative
for four independent experiments






hamsters, the hepatocytes, the tubular cells of the kidney
and the enterocytes of the small intestine showed a nor-
mal and unchanged GLUT2 immunoreactivity (data not
shown).

Western blot analysis of GLUT2
in isolated pancreatic islets

GLUT?2 protein expression was determined in islets iso-
lated from nondiabetic control Chinese hamsters and
from hamsters with mild and with severe diabetes
through Western blot analysis. GLUT2 was expressed in
hamster islets as a major 56-kDa band, which corre-
sponds to GLUT2 protein expression in rat islets
(Fig. 4). The higher molecular weight band in the
GLUT?2 hamster islet Western blot may be a higher mo-
lecular weight precursor protein (Fig. 4). Compared with
pancreatic islets from nondiabetic control hamsters,
GLUT?2 protein was slightly (but significantly, P<0.05)
decreased in islets from mildly diabetic animals (82+2%
of control; n=4) (Fig. 4), while GLUT2 expression in is-
lets from severely diabetic animals was virtually unde-
tectable (5+4% of control; n=4).

Electron microscopy of pancreatic beta cells

In the pancreata from nondiabetic Chinese hamsters, the
three main endocrine cell types could be identified on
the basis of their typical secretory granule morphology.
It was found that 96+2% of the beta cells showed no
signs of degenerative changes and were mostly well
granulated, with a variable number of secretory granules
(Fig. 5a). In mildly diabetic animals a small number of
beta cells showed signs of pyknosis of the nuclei and de-
generative changes such as swollen mitochondria and di-
lated cisternae of the Golgi complex and the rough endo-
plasmic reticulum, while 80+3% of the beta cells were
intact. Comparable changes were observed in severely
diabetic animals (Fig. Sb—d), but the portion of damaged
beta cells was considerably higher. Only 50+2% of the
detectable beta cells were still intact. Most of these intact
beta cells showed signs of high functional activity, such
as a well-developed Golgi complex and rough endoplas-
mic reticulum. They contained only a small number of

Fig. 5 Ultrastructure of the endocrine pancreas from a control (a)
and a severely diabetic Chinese hamster (b—d). Beta cells from
contro] animals are well preserved (a x5,220). In consecutive
semithin (b inset; x800) and thin (b x5,220) sections from a se-
verely diabetic Chinese hamster all the GLUT2-immunoreactive
cells can be identified as intact beta cells with secretory granules
(arrow in b points to the beta cell shown at lower magnification in
the inset). A well-preserved alpha cell and beta cells displaying a
heterogeneous picture are shown in (¢). Well-preserved beta cells
(arrows) show signs of high functional activity and contain a low
number of secretory granules, while the beta cells with degenera-
tive lesions (arrowheads) contain dilated cisternae of the rough
endoplasmic reticulum and swollen mitochondria at both magnifi-
cations shown (¢ x5,220; d x24,000)
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secretory granules (Fig. 5¢,d). A minority of these intact
beta cells was well granulated without signs of high
functional activity. An analysis of consecutive semi-
thin/thin sections showed that these are also the GLUT2
beta-positive cells in these severely diabetic animals
(Fig. 5b). Thus both in mildly (P<0.05) and severely
(P<0.01) diabetic animals there was a significant reduc-
tion in the number of intact beta cells in the pancreas.

Discussion

In the Chinese hamster the GLUT2 glucose transporter
was detected immunocytochemically in the plasma
membrane of pancreatic beta cells and also in hepa-
tocytes, tubular cells of the kidney and enterocytes of the
small intestine. Only in the pancreatic beta cells was
GLUT?2 immunoreactivity also present in the cytoplasm.
This is identical with the situation found in mouse pan-
creatic beta cells [31], while in beta cells from the rat
pancreas GLUT? staining is not normally present in the
cytoplasm [12, 23, 29].

The deterioration of glucose tolerance and glucose-in-
duced insulin secretion [§] was paralleled by a reduction
in GLUT?2 immunoreactivity in pancreatic beta cells of
diabetic Chinese hamsters. The loss of GLUT2 immuno-
reactivity in beta cells preceded the loss of insulin immu-
noreactivity and the development of the degenerative le-
sions. Western blot analysis of GLUT2 protein expres-
sion in isolated pancreatic islets confirmed the results of
the immunocytochemical studies, even though the loss of
GLUT?2 in mildly diabetic hamsters was less pronounced
than was observed in the immunocytochemical studies.
This can be explained as a result of the collagenase isola-
tion procedure, in which the better preserved islets are
likely to be preferentially isolated.

The loss of GLUT2 immunoreactivity in pancreatic
beta cells of the diabetic Chinese hamster is in agree-
ment with similar observations made during the develop-
ment of the diabetic state in pancreatic beta cells of
streptozotocin  diabetic  Sprague-Dawley rats [30],
Zucker rats [23], Wistar and BB rats [25], Wistar and
Zucker rats made diabetic by dexamethasone treatment
[13, 21, 22], and db/db mice [31].

Within pancreatic beta cells of severely diabetic Chi-
nese hamsters heterogeneities became evident. In the is-
lets only a few intact beta cells with a dense insulin im-
munoreactivity exhibited GLUT2 immunoreactivity, and
it appears that this small subpopulation stores rather than
releases insulin. This was also true for beta cells at extra-
islet positions. The majority of the intact beta cells repre-
sents the group of the functionally active beta cells that
have lost GLUT2 immunoreactivity. Confirming previ-
ous studies [9, 18, 19], these intact beta cells showed a
well-developed Golgi complex and a large amount of
rough endoplasmic reticulum with a marked reduction of
secretory granules at the light- and electron-microscopi-
cal levels, as well as morphological signs of high insulin
biosynthesis and secretory activity. Thus, expression of
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GLUT?2 alone is not a sufficient indicator of glucose re-
sponsiveness, as was previously considered in animal
models for diabetes {32]. This is in accordance with the
observation that a recovery of glucose-induced insulin
secretion in streptozotocin-diabetic rats after insulin
treatment was not accompanied by increased GLUT2 im-
munoreactivity [4]. The third group in these Chinese
hamsters are the beta cells with degenerative lesions,
which also lack GLLUT2 immunoreactivity. Thus, during
the development of diabetes in Chinese hamsters the
pancreatic beta cells exhibit heterogeneity with respect
to their functional activity and structural integrity.

Heterogeneous insulin immunoreactivity among beta
cells is not only a physiological feature [14, 28], but also
a characteristic of the diabetic state. The endocrine pan-
creata of patients with type I and type I diabetes exhibit
a small number of beta cells with dense insulin immuno-
reactivity [26]. The small group of functionally inactive
beta cells in these diabetic Chinese hamsters that remain
immunocytochemically and ultrastructurally intact also
appear to be cells that are not susceptible to degeneration
leading to necrosis. The high insulin content of this pop-
ulation of beta cells might be an indicator of functional
inactivity, and they may represent newly formed beta
cells as proposed elsewhere [2], probably originating
from exocrine duct cells expressing the GLUT2 glucose
transporter {33]. There appears to exist heterogeneity
with respect to the sensitivity of Chinese hamsters, beta
cells to toxic damage. The ability to distinguish subpop-
ulations of pancreatic beta cells with variable suscepti-
bility is an interesting feature of diabetes development,
which has not been reported in other experimental ani-
mal models for diabetes. Thus, loss of GLUT2 immuno-
reactivity is an early indicator of beta cell dysfunction
and may be an element of importance for the deteriora-
tion of glucose-induced insulin secretion in diabetic Chi-
nese hamsters.
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