
The mammalian endocrine pancreas is histologically
organized in islets of Langerhans which are com-
posed of four endocrine cell types characterized by
the expression of insulin, glucagon, somatostatin or
pancreatic polypeptide. The population dynamics of
these cells have generated considerable interest since
the renewal and growth of the insulin-expressing beta
cells in particular represents a critical issue in diabe-
tology. The numerical increase or renewal of these
cells can occur in two ways, namely by replication of
differentiated endocrine cells within the islet and by

neogenesis from undifferentiated precursor cells lo-
cated in the excretory ducts [1]. Rodent studies have
demonstrated that in the fetal and perinatal period
neogenesis from (ductal) precursor cells is quantita-
tively the major mechanism of endocrine cell genera-
tion [2–4]. In the normal postnatal rodent pancreas
there is still some growth of the endocrine pancreas
[5], which must be added to the renewal rate or the
physiologically determined replacement of the cells.
The extent of the latter is unknown since there is no
information on the life span of islet cells. The relative
importance of replication and neogenesis for physio-
logical growth and renewal are not yet known. Ap-
propriate stimulation of ductal cells in adult rodents
leads to increased islet neogenetic activity in ductules
[6–8]. Thus, normal adult pancreas retains a popula-
tion of islet stem cells [1].

Much less is known of the islet cell population dy-
namics in larger mammals and in particular in the hu-
man pancreas. Although studies of human fetuses
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Summary The morphogenesis and growth of the en-
docrine pancreas has not been well investigated in
man although it represents an important issue in dia-
betology. We examined human fetal pancreas from
12 to 41 weeks of gestation immunocytochemically
to evaluate proliferative activity with the Ki-67 mar-
ker, and cytodifferentiation with cytokeratin 19 (duc-
tal cells), synaptophysin (all endocrine cells), and in-
sulin, glucagon, somatostatin and pancreatic poly-
peptide (islet cell types). Ki-67 labelling was found
in all these cell types but was much higher in ductal
cells than in islet cells. An intermediate population
expressed synaptophysin but lacked islet hormones.
With increasing gestational age the Ki-67 labelling in-
dex decreased from 17 to 4% in ductal cells, from 9 to

1% in synaptophysin-positive cells, and from 3 to
0.1% in insulin- or glucagon-positive cells. From 12
to 16 weeks, all epithelial cells including the endo-
crine islet cells expressed cytokeratin 19. Thereafter
cytokeratin 19 expression decreased and eventually
disappeared from most islet cells, whereas strong ex-
pression remained in the ductal cells. We show that
differentiated human islet cells have only very limited
proliferative capacity, and we demonstrate the exis-
tence of transitional differentiation stages between
ductal and islet cells. [Diabetologia (1997) 40: 398–
404]
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have suggested that islets originate from ductules [9–
11], this contention is mainly based on topographical
relationships between both tissue structures and not
on an analysis of differentiation markers and transi-
tional forms. Data are also lacking on the prolifera-
tive activity of human islet cells. Therefore we con-
ducted an immunohistochemical study on fetal hu-
man pancreas using Ki-67 as a marker of cell prolif-
eration, cytokeratin 19 as a ductal cell marker and
the four hormones as islet cell markers. Synaptophy-
sin was taken as a marker of all endocrine cells.

Materials and methods

Tissue collection and preparation. Human fetal pancreata
(n = 24) were obtained from legal abortion between 12 and
18 weeks of gestation with permission of the local ethical com-
mittee (University Hospital Dijkzigt) (Table 1). Gestational
age was determined by biparietal diameter from echographic
measurement. Abortions were induced mechanically, resulting
in a warm ischaemia time of 15–25 min. Pancreata of older fe-
tuses and neonates were obtained from spontaneous abortions
and deceased premature births at autopsy, less than 12 h after
death. The neonates died of causes not related to pancreas pa-
thology. Whole pancreata or tail parts of the pancreata were
fixed in 4 % buffered formalin overnight [12]. After fixation,
tissues were embedded in paraffin according to routine proce-
dures.

Immunocytochemistry. Paraffin sections (3–5 mm thick) were
mounted onto 3-aminopropyltriethoxy-silane-coated slides
and dried overnight at 37 °C. After deparaffinization and rehy-
dration, sections were pre-treated with 0.1 % trypsin (Sigma,
St. Louis, Mo., USA) solution for 5 min and then rinsed in dis-
tilled water. Then slides were placed in Pyrex glass jars filled
with 0.01 mol/l citrate buffer (pH 6.0) and incubated three
times for 3 min at the maximum power (750 W) in a household
microwave oven (Whirlpool AVM602; Stockholm, Sweden).
After this microwave antigen retrieval, the sections were al-
lowed to cool down to room temperature and washed with
phosphate-buffered saline (PBS). Then slides were incubated
overnight with monoclonal antibody to Ki-67 (clone MIB-1;
Immunotech, Marseille, France) diluted (1:50) in PBS. The
monoclonal MIB-1 antibody reacts with the Ki-67 nuclear anti-
gen (345 and 395 kDa in Western blot) of proliferating cells
and has often been used in cytokinetic studies; microwave
treatment is necesary to retrieve the antigenicity of the protein
in paraffin-embedded tissue [13–18]. The streptavidin-biotin-
peroxidase complex (ABC)-method (Dako, Glostrup, Den-
mark) was used with diaminobenzidine as chromogen. For the
second step of double staining, we applied monoclonal anti-cy-
tokeratin 19 (clone RCK108, Dako) to detect pancreatic duc-
tal epithelium (ducts and centroacinar cells), polyclonal anti-
synaptophysin (Dako) to detect all endocrine cells, monoclo-
nal antibodies to insulin (clone AE9D6, BioGenex, San Ra-
mon, Calif., USA), glucagon (clone Glu-001; Novo Nordisk,
Bagsvaerd, Denmark), somatostatin (clone SOM-08; Novo-
Nordisk), or a polyclonal antibody to pancreatic polypeptide
(Prof. R.E. Chance; Lilly Research, Indianapolis, Ind., USA).
The monoclonal RCK108 antibody reacts with a 40 kDa cyto-
skeletal protein which represents the smallest human keratin
found in most simple epithelia; it does not recognize other in-
termediate filament proteins (Dr. F. Ramaekers, Maastricht,

The Netherlands, personal communication). We used ABC/
alkaline phosphatase complex (Dako) and New Fuchsin as
chromogen for the second sequence. The immunocytochemi-
cal staining was controlled by (a) the use of secondary reagents
only (omitting the primary antibodies), (b) the development of
enzymatic activities alone as a control for endogenous activity,
and (c) the use of murine subclass-matched unrelated primary
monoclonal antibodies or appropriate normal serum. All con-
trol assays revealed negative results and are not mentioned fur-
ther. For Ki-67, control stainings were also performed on sec-
tions from human intestine. As expected, many positive nuclei
appeared in the intestinal crypts ( = proliferative compart-
ment) whereas the tips of the villi were negative.

Quantitative analysis. By definition, the Ki-67 labelling index
(LI) of ductal epithelium, endocrine cells, insulin-expressing
beta and glucagon-expressing alpha cells were calculated as
follows:

LI-Duct (%) =

Cytokeratin 19 and Ki-67 double positive cells
Total cytokeratin 19 positive cells

× 100

LI-Endocrine (%) =

Synaptophysin and Ki-67 double positive cells
Total synaptophysin positive cells

× 100

LI-Beta (or alpha) (%) =

Insulin �or glucagon� and Ki-67 double positive cells
Total insulin �or glucagon� positive cells

× 100

To determine the LI, 1000 cells (cytokeratin 19, synaptophy-
sin) or 500–1000 cells (insulin, glucagon) were counted per
sample.

Statistical analyses were performed using the Student’s paired
t-test. The polynomial trend analysis and exponential curves
[19] showing the relationship between Ki-67 labelling index
and gestational age were calculated with Cricket Graph 1.3
software for Macintosh (Cricket Software, Malvern, Penn.,
USA).

Results

Proliferation. After double immunohistochemical
staining, the cell proliferation marker Ki-67 could be
detected in nuclei from insulin- and glucagon-positive
cells (Fig. 1), and also in somatostatin- and pancreatic
polypeptide-positive cells (not shown). The neuro-
endocrine marker synaptophysin was used to count
the Ki-67 labelling index (LI) of all endocrine cells
(Fig. 1). Synaptophysin-positive nerves were recog-
nized morphologically and were not included in the
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Table 1. Fetal pancreata used in this study

Gestational
age (weeks) 12 14 15 16 18 19 20 21 24 25 34 35 40 41

Number
of cases 1 1 2 1 4 3 1 1 1 2 2 1 3 1



counts. Ductal epithelial cells were characterized by
cytokeratin 19-staining (Fig. 1) and showed a higher
LI than the synaptophysin-positive or hormone-posi-
tive cells (Fig. 2). With increasing gestational age, the
LI of ductal cells decreased from 17.3% at 12 weeks
to 4.4% at 41 weeks, whereas the LI of synaptophy-
sin-positive endocrine cells decreased from 9 to
1.2% in the same period (Fig. 2). Polynomial trend
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Fig. 1A–D. Immunocytochemical double staining of fetal pan-
creata from 21 weeks of gestation for the proliferation marker
Ki-67 (positive nuclei are stained brown) and the differentia-
tion markers (cytoplasm stained red): (A) cytokeratin 19, a
marker for ductal epithelium; (B) synaptophysin, a marker
for endocrine cells; (C) insulin, a beta-cell marker; (D) gluca-
gon, an alpha-cell marker. Arrowheads point to some double-
positive cells. × 660



analysis of LI compared to gestational age gives the
best fit for the results (R2 = 0.92 and 0.83, respectively
for ductal and synaptophysin-positive cells) and
shows similar curves, with the LI of ductal cells being
approximately double that of the synaptophysin-posi-
tive cells (p < 0.001) (Fig. 2). The LI of insulin-expres-
sing beta cells and glucagon-expressing alpha cells
showed a peak at 14–16 weeks of gestation, approxi-
mately 3% of the cells being positive for Ki67. The
LI of beta cells and alpha cells sharply dropped to a
very low level 24 weeks onward, namely 0.1 and
0.2%, respectively. Exponential curves give the best
fit for the Ki-67 LI of beta cells and alpha cells com-
pared to gestational age (R2 = 0.61 and 0.78) (Fig. 2).
Both curves are similar and there were no statistical
differences between the LI of beta cells and alpha
cells (p > 0.6). Statistical analysis showed that the LI
of beta cells and alpha cells was significantly lower
than the LI of synaptophysin-positive endocrine cells
and ductal cells (p < 0.001). Somatostatin- and pan-
creatic polypeptide (PP)-expressing cells showed a
very low proliferative activity comparable to that of
beta and alpha cells, but their LI could not be counted
reliably due to their low frequency in the tissue. A
very high proliferative activity was noted in the me-
senchymal cells between 12 and 24 weeks.

Differentiation. In all investigated fetal pancreata we
found cells immunoreactive for insulin, glucagon, so-
matostatin and PP, with the exception of a 12-week-
old fetus which did not present PP-reactive cells.

Cells lining the ducts and ductules strongly expressed
cytokeratin 19 in all cases. From 12 to 16 weeks of ge-
station, the pancreas consisted of branching ductules
and epithelial buds that were embedded in densely
cellular mesenchymal tissue. All epithelial cells, in-
cluding the endocrine cells at this stage expressed cy-
tokeratin 19 whereas mesenchymal cells were nega-
tive. Hormone-expressing cells were found as single
cells or small clusters arranged within or alongside
the ductular lining, or as small (vascularized) islets
that were in direct contact with one or more sur-
rounding ducts (Fig. 3). In the islets, most endocrine
cells showed weaker cytokeratin staining as com-
pared to the ducts (Fig. 4). Double immunocytochem-
ical staining on the same section (Fig. 4A) or on con-
secutive sections (Fig. 4B–D) clearly showed the pre-
sence of islet cells co-expressing cytokeratin 19 with
either insulin, glucagon or synaptophysin, i. e. transi-
tional differentiation forms between ductal epithe-
lium and islet cells.

From 18 to 24 weeks, there was a further decrease
of cytokeratin 19 expression in the islets, whereas
ductal structures remained intensely stained. How-
ever, single endocrine cells and small clusters associ-
ated with ductules still showed relatively strong cyto-
keratin 19 staining. Islets were frequently seen to
contain hormone-negative cells which were intensely
stained for cytokeratin 19 and which were found in
the centre as well as in the periphery of the islets
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Fig. 2. Relationship between the Ki-67 labelling index of cyto-
keratin 19-, synaptophysin-, insulin-, and glucagon-expressing
cells with gestational age. Circles represent the mean and
points indicate individual samples (see Table 1 for number of
samples). Note the difference in scale (Y-axis) between the
two upper and the two lower pannels Fig. 3. Single immunocytochemical staining for synaptophysin

( = endocrine marker) on fetal pancreas from 16 weeks of ge-
station. Endocrine cell clusters of varying size are found
around a duct (D). × 660



(not shown). There was still a lot of mesenchymal tis-
sue surrounding the epithelial elements, but the

density of mesenchymal cells was decreased com-
pared to the period between 12 and 16 weeks.

From 24 to 41 weeks, most islet cells were cytoker-
atin 19-negative whereas all ductal and centroacinar
cells remained strongly positive (Fig. 5). Neverthe-
less, cells expressing cytokeratin 19 could still be
found scattered at low frequency in some islets (not
shown). At this stage, the centroacinar and ductal
cells (i. e. cytokeratin 19-positive cells) represented
approximately one-third of all pancreatic epithelial
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Fig. 4A–D. Pancreas at 16 weeks of gestation. A: double im-
munocytochemical staining for cytokeratin 19 (brown) and in-
sulin (red). Arrow points to a double-positive transitional cell;
double arrow points to a duct; × 660. B–D: Consecutive sec-
tions from an islet single-stained for (B) cytokeratin 19, (C) in-
sulin, and (D) glucagon. × 210



cells. Mesenchymal tissue became restricted to the
connective tissue space around larger ducts and blood
vessels and to a minimal interacinar space, as it is
seen in normal pancreas from adults.

Discussion

This represents to the best of our knowledge the first
study documenting the proliferative activity of islet
cells and their precursors in the human fetal pancreas.
A previous study using enzymatically dissociated and
overnight cultured human midgestational pancreas
failed to demonstrate incorporation of the thymi-
dine-analogue bromodeoxyuridine in endocrine cells
[12]. This apparent absence of proliferation in fetal is-
let cells could have been related to the isolation and
culture procedure. We used immunohistochemical
staining of Ki-67 to detect proliferating human fetal
cells in vivo. Ki-67 has been shown in many studies
to represent a useful operational marker of cell pro-
liferation [13–18]. Double immunohistochemical
staining for Ki-67 and islet hormones revealed prolif-
erative potential in all islet cell types before 20 weeks
of gestation, but thereafter the hormone-positive
cells apparently ceased to proliferate (LI around
0.1%). The observed LI of synaptophysin-positive
endocrine cells decreased from 9 to 1.2% with

increasing gestational age but was always higher
than that of islet-hormone-positive cells. This sug-
gests that a subpopulation of synaptophysin-positive/
hormone-negative cells exists which have a higher
proliferative activity than the more differentiated
hormone-positive cells.

The Ki-67 LI is thought to approximate the growth
fraction of a cell population, i. e. the fraction of cells
which are cycling [13]. In rodents, the growth fraction
of islet cells has been estimated as 10% in the late-ge-
stational rat fetus and thereafter decreased to 3 % in
young adults [20]. In these animals, the endocrine
pancreas rapidly grows during the last few days of ge-
station [5, 21], whereas in man the growth process
takes several months namely between 12 and
40 weeks [22]. The very low Ki67-LI (around 0.1%)
which we observed in human late gestational beta
cells may indicate that this proliferative activity is
even lower than in rodents. This very low prolifera-
tive activity confirms previous in vitro studies on islet
cells from fetal [12, 23] or adult [24] human pancreas
which show very low baseline proliferative levels be-
tween 0 and 0.1% after bromodeoxyuridine-label-
ling. The fetal human endocrine pancreas shows its
highest growth rate between 21 and 40 weeks [22].
The very low mitotic activity of the islet cells that we
observed during this period demonstrates the impor-
tance of islet cell neogenesis from hormone-negative
precursor cells, or stem cells. The importance of neo-
genesis has also been demonstrated in fetal and neo-
natal rat pancreas, where 80% or more of the beta
cells are generated from precursors rather than from
auto-replication [4, 20].

The pancreatic stem cells responsible for islet cell
neogenesis are presumed to be located in the ductal
compartment. We characterized ductal cells in this
study by cytokeratin 19 staining. We have found that
this cytoskeletal protein represents a very specific
and stable marker of ductal cells, from centroacinar
to main duct, in adult human pancreas (unpublished
observations), and this confirms other studies [25,
26]. Fetal ductal cells showed a much higher prolif-
erative activity than the hormone-positive alpha and
beta cells. Although the ductal LI decreased with ge-
stational age, it remained relatively high throughout
gestation ( > 4%). The synaptophysin-positive cells
showed LI values intermediate between ductal and
hormone-positive cells. This indicates that they may
represent an intermediate differentiation stage be-
tween ductal and islet cells.

During early fetal development all pancreatic epi-
thelial cells were found to express cytokeratin 19,
confirming the ductal nature of pancreatic stem cells.
By using the ductal cell marker cytokeratin 19 in con-
junction with endocrine markers synaptophysin and
islet hormones, our observation of transitional cells
co-expressing these ductal and endocrine markers
represents the first direct demonstration of this
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Fig. 5. Cytokeratin 19 staining of pancreas from 34 weeks of
gestation showing a negative islet (arrowheads) and a positive
duct (D). × 660



differentiation step and of the ductal nature of human
islet stem cells. During the course of development, cy-
tokeratin 19 expression was gradually lost from the
differentiating endocrine islet cells. However, a small
number of islet cells expressing cytokeratin 19 re-
mained present indicating ongoing islet cell neogen-
esis throughout fetal development. The possibility
that such precursor cells remain present in postnatal
human islets should be further explored.

In conclusion, this study demonstrates the impor-
tance of islet cell neogenesis from ductal precursors
in human fetal pancreas. Differentiated human islet
cells appear to possess only very limited mitotic po-
tential, even in the fetus.
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