
Summary. Dendritic cell (DC), macrophage (Mø) and
l y m p h o cyte infiltrations have been observed in normal
human perinatal pancreata, but have never been
investigated so early in control mice. In type 1 diabetes-
prone NOD mice, these cells are thought to infiltrate first
the periphery of the islets of Langerhans around weaning
before further islet infiltration and ß-cell destruction.

We quantified, during the first month of life, the
numbers of DC (characterized by CD11c positivity and
dendritic morphology), histiocyte-like Mø (characterized
by ER-MP23 positivity) and Mø with scave n g i n g
potential (characterized by BM8 positivity) in C57BL/6,
DBA/2 and BALB/c control, and NOD and lymphocyte-
deficient NODscid mouse pancreata. 

First, CD11c+ DC were present at low densities from
birth onwards in control pancreata, while densities were
higher in NOD and NODscid. Second, high numbers of
BM8+ and ER-MP23+ Mø were observed at birth in all
strains investigated. After birth, particularly BM8+ cells
disappeared progressively in control strains, but not in
NOD and NODs c i d. Third, NOD mice also had more
E R - M P 2 3+ Mø at birth compared to controls. Finally,
DC and Mø localizations were similar in all strains, i.e.,
mostly as dispersed cells in periva s c u l a r, periductular,
peri-islet areas and interlobular septa. The most
remarkable finding was that particularly BM8+ Mø, were
seen at sites of islet neogenesis and predominantly at the
duct-islet interface.

Our data showed that different types of APC were
present in the pancreas during postnatal development in
various control mouse strains and some differences were
o b s e r ved in NOD and NOD s c i d mice from birth
onwards.

Key words: Macrophages, NOD, Neonatal pancreas
development

Introduction

Type 1 diabetes results from an autoimmune
destruction of the ß cells in the pancreatic islets of
Langerhans. In the spontaneous models of the disease,
the NOD mouse and the Bio-Breeding (BB) rat, the
accumulation of antigen-presenting cells (APC) around
and in the islets of Langerhans is thought to be the
earliest lesion, preceding progressive lymphocy t i c
i n filtration and ß-cell destruction (Voorbij et al., 1989;
Bach, 1994; Jansen et al., 1994; Rossini et al., 1995).
Dendritic cells (DC) are the APC par excellence and can
be immunohistologically identified in the mouse by a
dendritic morphology and CD11c positivity (Table 1). In
NOD females, DC have been shown to accumulate
around and within the islets of Langerhans from 3-5
weeks of age onwards (Rosmalen et al., 1997; Dalhen et
al., 1998 ). During the same period, histiocyte-type Mø,
which are immunohistochemically identifiable by their
ER-MP23 positivity and normally present in pancreatic
c o n n e c t ive tissue, migrate to the periphery of the islets
where some of them penetrate into the latter (Jansen et
al., 1994). Such early accumulation of APC plays an
important role in the development of insulitis, since
p r evention of a precocious influx of monocy t e - d e r ive d
cells stops the autoimmune process and protects against
diabetes development (Hutchings et al., 1990). It is only
after the early DC and ER-MP23+ Mø accumulation, i.e.,
from 7-10 weeks of age onwards, that numerous T and B
l y m p h o cytes are recruited to the islets (Jansen et al.,
1994). In NOD females, this is followed by an
i n filtration of BM8+ Mø into the islets (Jansen et al.,
1994). BM8 immunohistologically identifies histiocy t e s
and Mø with a scavenging potential (Table 1). Similar
sequences of infiltration events occur in the
spontaneously developing autommune insulitis of the
BB diabetes-prone rat (Voorbij et al., 1989).

Remarkably, DC, Mø and lymphocyte accumulation
around or in the vicinity of islets is not solely a
characteristic of autoimmune insulitis. Early studies
noted a lymphocytic infiltration during normal human
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fetal pancreas development concomitant with islet
d egeneration (Liu and Potter, 1962). More recent data
c o n firmed the presence of DC, Mø and lymphocy t e
i n filtrates in the exocrine pancreas and in the islet
vicinity as a normal feature of fetal and neonatal human
pancreata (Danilovs at al., 1982; Hofman et al., 1984;
Motojima et al., 1989; Jansen et al., 1993). 

In normal non-autoimmune mouse strain pancreata,
l y m p h o cytes are hardly present during the neonatal
period, but the presence of DC and Mø has never been
studied and quantified. We therefore analyzed from 1
day to 4 weeks of age, the number and localization of
CD11c+, ER-MP23+ and BM8+ cells in the pancreata of
various control strains (C57BL/6, DBA/2 and BALB/c).
We also approached the question of whether early
postnatal DC and Mø infiltrates differ in mice with the
NOD genetic background compared to control strains by
evaluating their presence in NOD and NODscid strains.
The latter lacks functional lymphocytes and does not
progress to lymphocytic insulitis and diabetes
(Prochazka et al., 1992), but shares with the NOD mouse
the early APC infiltration around and in the islets
(Rosmalen et al., 2000b). 

Materials and methods

Animals

NOD, NODs c i d, C57BL/6, DBA/2 and BA L B / c
female mice were bred under specific pathogen-free
conditions at the animal facilities of Hôpital Necke r,
Paris, France, as previously described (Amrani et al.,
1998). The facilities and care followed the norms

stipulated by the European Community. By 200 days of
age, the incidence of diabetes in our NOD colony is 80%
for females (Amrani et al., 1998). Mice of diff e r e n t
strains were sacrificed on day 1, and at 1, 2 and 4 weeks
of age for evaluation of DC and Mø infiltration.

Antibodies

N418, a hamster anti-mouse CD11c antibody and
ER-MP23, a rat anti-mouse Mø galactose-specific lectin
( Table 1) were used as undiluted hybridoma culture
supernatants (Jansen et al., 1993; Leenen et al., 1994,
1996). BM8, a rat anti-mouse antibody, that identifies a
125-kDa cell-surface protein (Table 1) was obtained
from BMA Biomedicals AG, (Augst, Switzerland) and
diluted 1/50 (Jansen et al., 1993; Leenen et al., 1994.,
1996). BM8- and ER-MP23-binding was detected with
horseradish peroxidase (HRP)-conjugated rabbit anti-rat
i m m u n o g l o bulins (Dako, Glostrup, Denmark) diluted
1/100. N418 was detected with HRP-conjugated goat
anti-hamster immunoglobulins (Jackson Immuno-
Research Laboratories, Inc., West Grove, PA, USA)
diluted 1/200. 

Immunohistochemistry 

Mice of different strains were killed by cervical
dislocation after rapid retro-orbital bleeding. Their
pancreata were removed, embedded in OCT (Tissue-Tek,
Miles, Elkart, IN, USA) and frozen in n-hexane on dry
ice-chilled alcohol. Tissues were stored at -80°C until
immunohistochemistry was performed. Pancreas cryostat
sections, 6 µm thick, were fixed for 10 min in acetone.
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Table 1. Immunohistochemical staining characteristics of the N418, ER-MP23 and BM8 monoclonal antibodies.

MONOCLONAL ANTIBODY ANTIGEN IMMUNOHISTOCHEMICAL STAINING

N418 CD11c, an adhesion molecule Lymphoid tissue: Interdigitating dendritic cells in T-cell areas of primary and
hamster anti-mouse belonging to the integrin family secondary lymphoid organs are strongly postive.

of adhesion molecules Peripheral dendritic cells (e.g. Langerhans cells) are not or barely positive. 
Activated Kuppfer cells are positive.
NOD Insulitis: Cells with a dendritic morphology, which infiltrate prior to the 
massive lymphocyte accumulation, are positive. Such cells also concentrate at the 
islet circumference.

ER-MP23 A macrophage-specific Lymphoid tissue: Recent migrating macrophages into the secondary lymphoid
rat anti-mouse 38-60 kDa lectin, binding tissues are positive, i.e., macrophages in sinuses and upper parts of the T-cell

sugar moities with a terminal areas.
galactose or N-acetyl Peripheral tissue: Tissue-fixed macrophages are positive, particularly those 
galactosamine located in the connective tissue (the so-called histiocytes).

NOD Insulitis: Macrophages concentrating at the islet circumference (prior to the 
massive lymphocytic accumulation) are positive.

BM-8 A macrophage-specific Lymphoid tissue: Macrophages in the red pulp of the spleen are positive, as well
rat anti-mouse 125 kDa surface protein with as sinus macrophages in lymph nodes.

unknown function Peripheral tissue: Subset of histiocytes.
NOD Insulitis: Macrophages that infiltrate into the islets after the massive 
lymphocytic accumulation at the beginning of the islet destruction phase, are 
positive.

References: Jansen et al. 1993; Leenen et al. 1994, 1996; Rosmalen et al. 2000 (for all three antibodies); Metlay et al. 1990 (for N418); Sato et al.
1998 (for ER-MP23) and Freudenberg et al. 1992 (for BM8).



After washing with phosphate-buffered saline containing
0.05% Tween-20 (Merck, Paris, France) (PBS/Tw e e n ) ,
slides were incubated with primary monoclonal
antibodies for 30 min at room temperature in a moist
c h a m b e r. Subsequently, slides were washed twice with
P B S / Tween and then incubated with secondary
antibodies in the presence of 2% normal mouse serum
for 30 min at room temperature. After washing with
P B S / Tween, slides were incubated with 3-amino-9-
e t hylcarbazole (AEC, Sigma, Saint-Quentin-Fa l l av i e r,
France), as the substrate, in 50 mM sodium acetate and
0.02 % H2O2, and washed in water after 3 min. Finally,
slides were counterstained for 3 min in hematoxylin
eosin (Merck), dehydrated in serially-graded ethanol
baths, and mounted. For each series of pancreas sections,
one slide was stained only with the second antibody as a
control for endogenous peroxidase activity and non-
s p e c i fic antibody binding. A spleen or lymph node
section was included as a positive control.

Immunohistochemical quantification

The surface areas of the pancreata were assessed
using a VIDA S - RT image analysis system (Ko n t r o n
Elektronik GmbH/Carl Zeiss, Weesp, The Netherlands)
and an objective magnification of x2. The surface areas
of pancreatic sections were measured interactively and
expressed in pixels. At this magnification, the size of one
pixel is 0.00011955 mm2. For all measurements, a total
of 5 mice (one section per mouse) was analyzed per age-
strain combination. The mean surface areas of the
pancreas sections measured for the various strains were:
0.4-1.55 mm2 at 1 day of age, 1.4-2.5 mm2 at 1 week of
age, 2.6-4.5 mm2 at 2 weeks of age and 15-19 mm2 at 4
weeks of age. The numbers of positive stained cells were
counted separately by two different inve s t i gators and
expressed per mm2 of total pancreatic surface area of
that particular section. The mean of these 2
measurements was taken and never exceeded 5%.

Statistical analyses

Statistical significance for differences between cell
numbers was determined by means of a tw o - wa y
analysis of variance (ANOVA) followed by New m a n -
Keuls post-hoc analysis. The level of significance wa s
set at p<0.05. 

Results

DC are present at low densities in control pancreata, as
opposed to higher densities in NOD and NODscid mice
from birth onwards

During the postnatal period, CD11c+ cells with a
dendritic morphology were found in the pancreata of all
strains inve s t i gated but at very low densities, i.e., 2-12
c e l l s / m m2 (Fig. 1). Although the numbers of CD11c+

cells in a given strain remained relatively stable during
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Fig. 1. Numbers of CD11c+ DC in pancreata from various mouse strains
as a function of age. Cells were counted and are expressed per mm2 of
total pancreatic surface area in each strain, as assessed by image
analysis. A group of 5 mice (one section per mouse was analyzed per
age-strain combination (mean values ± SEM)). More CD11c+ DC are
present in NOD and NODscid mouse pancreata than in controls (strain
effect: p<10-6, as assessed by ANOVA).

the first 4 weeks of life, higher CD11c+ cell densities
were consistently observed from birth onwards in strains
with the NOD genetic background (p<10- 6, as assessed
by ANOVA). This effect was particularly evident, at 1
day of age, for NODs c i d compared to C57BL/6 and
DBA/2 mice (p=0.03 and 0.01, respectively, by post-hoc
analyses) and tended towards significance for NOD
versus DBA/2 and NOD s c i d versus BALB/c mice
(p=0.06 and 0.08, respectively). At 4 weeks of age,
CD11c+ cell densities were significantly higher in NOD
compared to C57BL/6 and DBA/2 mice (p=0.025 and
0.035, respectively). These latter differences correspond
to the onset of classical insulitis in NOD mice (Jansen et
al., 1994; Rosmalen et al., 1997; Dahlen et al., 1998).

Concerning their localization, the few CD11c+ cells
that were present were scattered throughout the wide
c o n n e c t ive tissue areas in the pancreata of all mouse
strains at the youngest ages inve s t i gated (Fig. 2A-C).
T h e r e a f t e r, they were progressively found around
vessels, ducts and islets, even in normal strains (Fig. 2
D-L). At 4 weeks of age, how eve r, in NOD mice
C D 1 1 c+ cells could be seen inside the islets (Fig. 2),
whereas they continued to surround the islets of control
mice.

E R - M P 2 3+ histiocyte-type Mø are present at high
densities in control neonatal pancreata, but at even
higher numbers in NOD neonates

Fig. 3 shows that, as compared to CD11c+ c e l l s ,
r e l a t ively high numbers of pancreatic ER-MP23 +

histiocyte-type Mø, i.e., 40-150 cells/mm2 section, were
detected in all strains during the first 3 weeks, but had
declined sharply by 4 weeks of age. This age effect was
highly significant (p<10-6, ANOVA). Values for 4-week-
old mice were significantly lower compared to those
obtained at 1 day of age for C57BL/6, DBA/2, BALB/c
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Fig. 2. Immunohistochemistry for CD11c+ DC in control and NOD(scid) pancreata during the early postnatal period. A-C. 2-week-old control DBA/2 and
(C) NODscid pancreata. Note the CD11c+ DC rarity except in peripancreatic lymph node (B). D-F. 4-week-old control DBA/2, BALB/c and C57BL/6
pancreata. Note the infiltration in perivascular, periductular and peri-islet areas. G - I . in 4-week-old NODs c i d pancreata. Cells appear to be more
abundant than in control pancreata but are similarly located. J-L. in 4-week-old NOD pancreata. DC are starting to invade the islet of Langerhans (L). d:
duct; i: islet; ln: lymph node; v : vessel. A, x 440; B-L, x 280

Fig. 3. Numbers of ER-MP23 + Mø in pancreata from various mouse strains
as a function of age. Results are expressed as in Figure 1. Although ER-
M P 2 3+ Mø densities are high in control pancreata during the postnatal
period, even more are present in 1-day-old NOD mice (p values from 0.02 to
0.0002 compared to all other strains, post-hoc analyses).



and NOD mice, at 1 week of age for C57BL/6, NOD and
N O Ds c i d mice, and at 2 weeks of age for NOD and
N O Ds c i d (p values from 0.05 to 0.0001, p o s t - h o c
analyses). Moreover, there were also differences between
the strains (p=0.02, ANOVA): at 1 day of age,
s i g n i ficantly more ER-MP23+ cells were observed in
NOD mice compared to all other strains, including
N O Ds c i d (p values from 0.02 to 0.0002, post-hoc
analyses).

With regard to the localization, ER-MP23 +

h i s t i o cyte-type cells appeared to be rather dispersed
within the pancreas at birth (Fig. 4A-C). Typically, these
Mø were situated in the interlobular connective tissue
separating the epithelial compartments, like CD11c+

cells with dendritic morphology, but could also be found
in peri-islet, periductular and perivascular areas (Fig.
4A,B). Beyond 1 week of age, ER-MP23+ cells were
also predominantly seen in perivascular, periductular and
peri-islet areas (Fig. 4D,E,G,H,J,K), but also in
i n t e r l o bular areas (Fig. 4F,I,L) in all strains. As for
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Fig. 4. Immunohistochemistry for ER-MP23+ Mø in control and NOD(scid) pancreata during the early postnatal period. A. 1-day-old control C57BL/6
and (B, C) NOD pancreata. Note the presence in all strains of numerous cells in peri-islet (A, B), peri-vascular and -ductular areas (B) or scattered (C).
D-F. 2-week-old control C57BL/6, BALB/c and DBA/2 pancreata, respectively. Abundant ER-MP23+ Mø are present in localizations similar to those
observed at birth. G-I. 2-week-old NODscid (G) and NOD (H, I) pancreata. The cell localizations are the same as those observed in control mice,
regardless of age. J - L . 4-week-old NOD (J, K) and NODs c i d (L) pancreata. The cell infiltration reproduced events observed during normal early
postnatal pancreas development. Abbreviations as in the legend to Fig 2. x 280



CD11c+ DC, only in 4-week-old NOD mice, some ER-
M P 2 3+ Mø could be found inside the islets (data not
shown) (Jansen et al., 1994). 

The high densities of BM8+ Mø in the neonatal period
decrease in all strains after birth, but only slowly in NOD
and NODscid mice 

BM8+ Mø are also present in the pancreas during the
early postnatal period. As for ER-MP23+ Mø, relatively
high densities of BM8+ Mø were seen shortly after birth,
i.e., 40-150 cells/mm2 (Fig. 5). Their numbers declined
significantly with increasing age, until they were hardly
present (p< 10-6, ANOVA). It should be noted that this
decrease occurred earlier in control strains than in strains
with the NOD genetic background, and was already
s i g n i ficant between 1 day and 1 week of age for
C57BL/6 and DBA/2 (p=0.01 and 0.0001, respective l y,
post-hoc analyses), and 1 and 2 weeks of age for
BALB/c (p=0.01). In NOD and NODs c i d mice, BM8+

Mø densities also decreased signifi c a n t l y, but later,
between 2 and 4 weeks of age (p=0.03 and 0.0001,
respectively).

M o r e ove r, at a given age, there were many
s i g n i ficant differences between the various strains
concerning BM8+ Mø density. The most pertinent were
the following: C57BL/6 pancreata contained the highest
levels of BM8+ Mø at 1 day and 1 week of age compared
to all other strains (p values between 0.005 and 0.0001,
p o s t - h o c analyses), whereas 1-day-old NOD s c i d
pancreata had the lowest values compared to all other
strains, including the wildtype NOD (p values from 0.03
to 0.0001). Two-week-old NOD and NODscid mice had
significantly higher pancreatic BM8+ Mø densities than
control DBA/2 and BALB/c strains (p values between
0.04 and 0.001), but this effect was no longer significant
at 4 weeks of age, when BM8 + Mø numbers had
decreased maximally in all strains. 
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Fig. 5. Numbers of BM8+ Mø in pancreata from various mouse strains
as a function of age. Results are expressed as in Figure 1. Note that
B M 8+ Mø numbers are highest at birth in the pancreata of all strains
(age effect: p<10- 6 , ANOVA), except NODs c i d (p values from 0.03 to
0.0001 compared to other strains, post-hoc analyses).

Considering their localization, BM8+ Mø were either
scattered throughout the pancreas or already grouped
together in peri-islet or peri-acinar areas at birth (Fig. 6
A-C). An overlap between the BM8+ and ER-MP23+ Mø
populations may exist, yet our data on serial sections
indicate that such overlap is very limited at birth (data
not shown). Thereafter, they were commonly observed in
p e r iva s c u l a r, periductular and peri-islet areas and septa
in all strains (Fig. 6D-L). Remarkably, BM8+ Mø were
sometimes seen at the sites of islet neogenesis, i.e., the
d i fferentiation of islets from ducts (Fig. 6G,H). BM8+

Mø surrounded the ducts and the islets in an almost
continuous line and they appeared to accumulate at the
interface between the two structures. Such images were
regularly seen in all strains until 4 weeks of age.

Discussion

The results of this study indicate that relatively high
numbers of Mø and relatively low numbers of DC are
present in the connective tissue of normal newborn non-
autoimmune mouse pancreata. Mø densities decreased
sharply after weaning. The presence and localization of
s c ave n g e r-type Mø (BM8+) were the most remarkable.
High densities of these cells were present at birth and
then progressively declined during the first month of life.
At 4 weeks of age, i.e. after weaning, BM8+ Mø were
hardly detectable anymore, confirming prev i o u s l y
reported findings (Jansen et al., 1994). Histiocy t e - t y p e
Mø (ER-MP23+) were also present at relatively high
l evels in normal strains from birth onwards, but their
numbers were quite similar for all these strains and
remained stable during the first 2 weeks of life. A
decline was observed at 4 weeks of age, but low
numbers of ER-MP23+ Mø persisted, a finding that is
consistent with their presence in the normal adult mouse
pancreas (Jansen et al., 1994). 

What could be the reason for this early relative l y
high presence of Mø in neonatal (1 day) pancreata of
normal mice? It is worth noting that the decline in the
numbers of these cells in the following 4 weeks
coincides with the completion of postnatal pancreas
d evelopment (Bouwens et al., 1994; Bouwens and
Kloppel, 1996; Scaglia et al., 1997). Tissue remodeling
phenomena (islet neogenesis, ß-cell replication and
apoptosis of various cell types) are at work in the
pancreata of normal rodents, and particularly in mice
until weaning (Bouwens et al., 1994; Scaglia et al.,
1997). At present, little is known about the mechanisms
involved in such processes of islet neogenesis and those
which lead to the detachment of the islet from the duct
and the rupture of the basement membrane surrounding
both structures (Pictet and Ruter, 1972). The processes
through which pancreatic interlobular septa develop are
also unknown. Macrophages are likely involved in these
d evelopmental processes, since they have a well-
recognized role in tissue remodeling (synthesis and
d egradation of extracellular matrix) and apoptosis
induction (Nathan, 1987; Ibrahim et al., 1995; Aliprantis



et al., 1996). Moreover, Mø are able to produce many of
the cytokines and growth factors known to be implicated
in normal pancreas development (Bouwens and Kloppel,
1996; Sarvetnick, 1997). Also Mø play a major role in
the processes of pancreatic degeneration and
regeneration which take place after duct ligation-induced
pancreatitis (Wa l ker et al., 1992; Yamaguchi et al.,
1993). It is furthermore worth noting that macrophages
in association with eosinophils have recently been shown

to play a key role during normal postnatal mouse
mammary gland development, regulating branching
morphogenesis (Gouon-Evans et al., 2000). We therefore
consider our observation in this study that Mø were
particularly present at tissue-remodeling locations during
the postnatal period, both in control mice as well as in
mice with the NOD genetic background, as a strong
indication that these cells are at least partially involved
in islet development from ducts. 
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Fig. 6. Immunohistochemistry for BM8+ Mø in control and NOD pancreata during early postnatal pancreas development ( A - C ) in 1-day-old control
C57BL/6 and NOD (B, C) pancreata. Cells are abundant and either scattered (A) or in peri-islet, peri-ductular and -vascular areas (B, C). D-F. 2-week-
old control C57BL/6 (D), NODscid (E) and NOD (F) pancreata. Cell localizations are similar in all strains. G-I. 4-week-old control C57BL/6 pancreata;
B M 8+ Mø appear to accumulate at duct-islet interfaces and are present in septa. J - L . 4-week-old NODs c i d ( J ) and NOD (K, L) pancreata. Cell
localizatons are similar in control and NOD strains during the entire early postnatal period. Abbreviations as in the legend to Fig 2. A-F, J, K, x 280; G-I,
L, x 440



A second intriguing finding of this study is that
NOD and NODscid mice already had minor quantitative
abnormalities in pancreatic Mø and DC infiltration from
birth onwards, i.e., long before lymphocytic peri-insulitis
becomes evident in NOD mice by light microscopy
(from 5-7 weeks of age onwards). Indeed, DC,
characterized by their dendritic morphology and CD11c
p o s i t iv i t y, were detected in control strains at low and
stable numbers during the first month of life, but were
consistently more abundant in NOD and NOD s c i d
pancreata. In this regard, it should be noted that an active
autoimmune reaction has already been postulated in the
NOD fetus based on an in utero T-cell activation (Wilson
and de Luca, 1997). Such an early autoimmune reaction
might perhaps be responsible for the high local APC
densities in the neonatal NOD mouse pancreas.
H ow eve r, NODs c i d mice do not possess functional
lymphocytes and the higher number of DC seen in their
pancreata can not be due to lymphocytic autoreactiv t y.
S everal genetically-determined defects in APC
diffrentiation/function have been described in NOD mice
(Lety et al., 1992; Serreze et al., 1993; Luan et al., 1996;
P i ganelli et al., 1998; Radosevic et al., 1999) and they
might influence the migratory kinetics of NOD strain
DC, thus explaining their higher accumulation in the
neonatal pancreas.

Another strain difference in terms of pancreatic cell
densities at birth was seen between NOD and NODscid
mice: the latter had significantly fewer pancreatic ER-
MP23+ and BM8+ Mø compared to NOD mice at 1 day
of age. The reason for this lower number of Mø is
u n c l e a r. Perhaps, Mø number and/or function could be
decreased in NODs c i d mice due to a state of relative
inactivation of the Mø system resulting from the absence
of functional lymphocytes. This might also be indicated
by the reported finding that Mø isolated from NODscid
islets are much less effective in stimulating diabetogenic
T-cell clones than those isolated from NOD islets
(Shimizu et al., 1995). In addition, in vivo transfer of T-
cell clones improves the antigen-presenting function of
NODscid Mø (Shimizu et al., 1995). 

Finally, another significant strain difference between
control mice and mice with the NOD genetic
background concerns the kinetics of cell disappearance.
In particular, NOD and NODscid mice maintained stable
numbers of BM8+ Mø during the first 2 weeks of life,
while the later decline was not as progressive as that
observed in control strains. The reason for the abnormal
BM8+ Mø kinetics remains unknown. First, it may be -as
the higher presence of DC- a sign of enhanced
autoimmune reactivity in the neonatal NOD mouse as
mentioned above. Second, if BM8+ Mø are involved in
islet neogenesis and tissue remodeling (vide supra), then
the abnormal kinetics may indicate an abnormal islet
d evelopment in strains with the NOD background.
Indeed, we have previously reported on various grow t h
and function abnormalities of NOD islets prior to peri-
insulitis development (Homo-Delarche, 1997; Amrani et
al., 1998; Pelegri et al., 2001). Third, intrinsic DC and

Mø abnormalities exist in NOD strains, such as a
d e f e c t ive Fc γRII gene expression, a def i c i e n t
d i fferentiation from bone-marrow precursors, a
decreased cytokine secretion and an enhanced
arachidonic acid metabolism (Lety et al., 1992; Serreze
et al., 1993; Luan et al., 1996; Piganelli et al., 1998;
R a d o s evic et al., 1999). These abnormalities may also
influence the migration kinetics of BM8+ cells.

In conclusion, this study shows va r i o u s
abnormalities in APC accumulation in the postnatal
d eveloping pancreas of mouse strains with the NOD
genetic background, far before the start of the classical
lymphocytic peri-insulitis, which usually starts after 5-7
weeks of age in NOD mice. The functional significance
of these cells remains to be elucidated, but in light of
their localization in all strains, it could be suggested that
t h ey participate to pre- and postnatal pancreas
morphogenesis and, particularly, islet neogenesis from
duct. Moreove r, it is not excluded that, at birth, the
differences between NOD and control strains are linked
to disturbances of glucose homeostasis in NOD mothers
and those observed later to a different islet behavior to
lactation and/or weaning. 
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