
Diabetologia (1983) 25:31-35 Diabetologia 
�9 Springer-Verlag 1983 

Quantitative Morphology of Endocrine Cells in Human Fetal Pancreas 
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Summary. Sections of pancreas from human fetuses, 
6-20 weeks gestation, were stained with immunoperoxidase 
for insulin (B cells), glucagon (A cells), pancreatic polypeptide 
or somatostatin (D ceils). Morphometric analyses were per- 
formed on sections from head and tail regions of each fetus. 
No stained cells were found at 7 weeks. A, B, pancreatic poly- 
peptide and D cells were found at 9 weeks in primitive islets or 
as isolated cells adjacent to duct cells. There was no relation- 
ship between the density of each endocrine cell type and fetal 
age, but there was a significant increase in the relative density 
(percentage total endocrine cells) of D cells from 10-20 weeks 

(p< 0.01). The tail contained significantly more A cells (p< 
0.05) and less pancreatic polypeptide cells (/7 < 0.01) than the 
head but similar densities of B and D cells. Lobules contain- 
ing a high density of pancreatic polypeptide cells and few 
A cells were found in the posterior part of the head in six fe- 
tuses, aged 10-20 weeks. 

Key words. Morphometry, endocrine cells, human fetal pan- 
creas, immunocytochemistry, pancreatic polypeptide-rich 
lobules. 

Pancreatic endocrine tissue appears  early in fetal devel- 
opmen t  and is present  at 10 weeks gestation in m a n  [1, 2] 
and  at 12 days gestation in the rat [3]. Endocr ine  cells 
arise adjacent  to dividing duct cells and it is thought  
that differentiation of  the duct epithelial cells gives rise 
to bo th  exocrine and  endocrine components  in the rat 
[3]. The popula t ion  of  endocrine cells in the islet is not 
uni form throughout  the adult  pancreas ;  the high densi- 
ty of  pancreat ic  polypept ide  cells in lobules ( 'PP rich') 
o f  the head region m a y  reflect the ontogeny of  this part  
f rom the ventral  p r imord ium [4]. These 'PP rich'  lobules 
have been found  in the neonate  [5] and in mid- term fetal 
pancreas  [6]. A higher density of  somatostat in  contain- 
ing D cells has been found  in the neonatal  pancreas  [5] 
than  is seen in the adult  [7]. Although decreased num- 
bers of  D cells have been implicated in infant nesidio- 
blastosis [8, 9], there is no quantitative est imation of  the 
differentiation of  these cells during gestation. 

This study identifies the earliest appearance  during 
gestation of  four  types o f  endocrine cells (A cells con- 
taining glucagon, B cells containing insulin, D cells and 
pancreat ic  polypept ide  cells) in h u m a n  fetal pancreas  
by  immunocytochemica l  staining. Changes  in the densi- 
ty and relative propor t ions  of  these cell types in differ- 
ent regions of  the pancreas  during deve lopment  f rom 
10-20 weeks gestation is est imated by  morphomet ry .  

Methods 

Human fetal pancreas was obtained from embryos within 6h of 
prostaglandin-induced delivery for termination of pregnancy or hys- 
terectomy. Fetal age was estimated by crown-rump measurements 
[t0]. Only well preserved tissue was included. 

In older fetuses, the pancreas, spleen and duodenum were re- 
moved together and fixed in Bouin's solution or 10% formol saline. 
Larger specimens of pancreas were divided into two or more blocks 
from each of head, body and tail regions. To maintain anterior-poste- 
rior orientation, specimens were marked with eosin before embedding 
in wax. Whole body, anterio-posterior sections were cut of the 7-week 
fetus. 

Two sets of four serial sections (section thickness 5 .urn) were cut 
from the blocks at an interval of 100 9m and each set was stained us- 
ing the indirect immunoperoxidase technique [11] with primary anti- 
bodies to insulin (B cells) (Miles Diagnostics, Slough, UK) or glucag- 
on (A cells) or pancreatic polypeptide (PPcells) or somatostatin 
(D cells), and 3,3' diaminobenzidine (Sigma London, Poole, UK) as 
the peroxidase substrate. Controls for the staining technique were (a) 
omission of the primary antisera in the staining schedule and (b) pre- 
absorption of antisera with the purified antigens (bovine insulin 
I mU/ml; porcine glucagon 0.01 mg/ml; bovine pancreatic polypep- 
tide 0.03 mg/ml; somatostatin 0.03 mg/ml). Both methods resulted in 
negative staining. 
Two different endocrine cells were identified simultaneously on the 
same tissue sections using immunoperoxidase (brown reaction prod- 
uct) and an alkaline phosphatase conjugated antibody (North East 
Biochemicals, Uxbridge, UK) with a blue reaction product (Diazo 
reaction). 

The relative distribution of the different types of endocrine cell 
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was estimated morphometrically using a Manual Optical Picture Ana- 
lyser (MOP, Kontron, Messergerate, Munich, FRG). The sections 
were projected at a magnification of  x 630 onto a counting frame 
(463 cm 2) and the number of  stained cells per standardized field of  
view counted for each endocrine cell type, using both sets of  serial 
sections. The total area of  pancreas scanned for each cell type ranged 
from 0.8 to 14.3 mm 2. Counting was done on 10 fetal pancreases, ges- 
tational age 10-20weeks.  Stained cells were easily recognised for 
morphometry at these early fetal ages. Pancreases from two 9-week fe- 
tuses were considered to be too small for accurate cell counting. 

In the early fetus (10 weeks) the exocrine epithelial tissue was very 
poorly developed and was surrounded by a matrix of  undifferentiated 
mesenchyme. The percentage of  the section occupied by mesenchy- 
mal tissue differed between specimens. To permit comparison of  cell 
counts at different ages, the mesenchymal area on the sections was 
counted and the cell densities have been expressed as cells/0.1 mm 2 
epithelial tissue by subtraction of  the mesenchymal area from the total 
pancreatic area of  the section. 

Lobules containing many PP cells ('PP-rich') were identified in six 
fetuses and separate counts in this region of  each cell type were made. 
Sections of  the remaining four fetuses showing no obvious 'PP-rich' 
lobules were counted as a single unit. Data analyses included Stu- 
dent's paired t-test and calculation of  Pearson correlation coefficient. 
Values were considered non-significant when p > 0.05. 

Results 

Histological Appearance of Developing Pancreas 

At 7 weeks the pancreas consisted of  unbranched tu- 
bules lined with columnar epithelium and surrounded 
by undifferentiated mesenchyme. Two separate areas of  
pancreas were identified; one area was connected by a 
duct to the duodenum and an adjacent area bordered 
the embryonic stomach. There was no evidence from 
the histochemical staining for cells containing insulin, 
glucagon, pancreatic polypeptide or somatostatin. 

At 9weeks the pancreatic ducts were branched 
forming a primitive lobular pattern lined with columnar 
epithelium and embedded in loose connective tissue. 
Isolated endocrine cells were found between the bases 
(contraluminal borders) of  these epithelial cells, and 
showed positive reactions with all four types of  antisera. 
These ceils were found in the pancreatic tissue adjacent 
to the duodenum (head region) and in the pancreatic 
tail. 

The lobular arrangement of  branching ducts was 
more apparent by a0weeks. Clusters of  duct cells 
formed primitive acini lined with cuboidal epithelium. 
The endocrine cells had the characteristic large central 
nucleus and clear cytoplasm, and were present either in 
groups adjacent to the primitive duct and acinar cells or 
singly between the contraluminal and lateral borders of  
the duct cells. 

Groups of  acini with associated ducts formed more 
distinct lobules by 12 weeks' gestation. The area of  un- 
differentiated connective tissue between the ducts was 
much reduced and primitive islets were found in this re- 
gion together with a rich supply of  capillaries. Many 
single endocrine cells of  all types were present at the 
base of  acinar or ductular cells. 
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Fig. 1. The distribution of endocrine cells in fetal pancreas 10 20 
weeks gestation, [ ~  B cells, I ~  A cells, ~ pancreatic polypep- 
tide cells, ~ l) cells. Density of each cell type as a percentage of  to- 
tal endocrine cell density (mean + SD) in the tail (n = 10) and  'PP-rich'  
and 'PP-poor' regions of the head (n = 5) 

The clusters of endocrine cells forming well-defined 
islets became larger from 14-18 weeks and by 20 weeks 
the endocrine areas were distinct, lying between the 
exocrine acinar and duct tissue. Although the majority 
of  the endocrine tissue was found in islets, there were 
many isolated B, A, PP and D cells adjacent to the duct 
tissue. Using the double-staining technique, it was ap- 
parent that primitive islets consisted of  a central core of 
B cells associated with more peripheral and scattered A, 
PP and D cells. However, in the 'PP-rich' lobules many 
islets were composed predominantly of  PP cells. 

Morphometry 

There was considerable expansion of  the exocrine tis- 
sue between 10-20 weeks' gestation as shown by the in- 
creased percentage of  epithelium (Table 1), and the in- 
crease in organ weight (59 mg at 11 weeks to 275 mg at 
20 weeks). There was no significant correlation between 
either the density of  each endocrine cell type or all en- 
docrine cells together and the fetal age, 10-20weeks 
(r< 0.6 in all cases); correction for mesenchymal tissue 
(Table 1) did not reveal a relationship in the head or tail 
regions. The relative proportions of  B, A and PP cells 
(Table 2) did not correlate with fetal age, but there was a 
significant correlation between the D cells as a percent- 
age of  total endocrine cells and fetal age in both the 
head and tail regions (r=0.92; r=0.85 respectively; 
p < 0.01). At 20 weeks in the head and tail regions there 
were 31% and 31.5% D cells, respectively. 

Data from all fetuses (10-20 weeks) were considered 
together for comparison of cell populations in different 
regions of the pancreas. There was no significant differ- 
ence in total endocrine cell density, D cell or B cell den- 
sity in the two regions. However, there were signifi- 
cantly less A cells (p < 0.05) and more PP cells (p < 0.01) 
in the head compared with the tail. The data from the 
head region were further subdivided into cell counts 
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from the 'PP-rich' and 'PP-poor' areas. These lobules 
could be identified at 11 weeks gestation and were 
found in the posterior part of the head in six out of ten 
specimens. The density of PP cells in lobules designated 
'PP-rich' was 38.3+24.0 cells/0.1mm 2 epithelium 
(mean _+ SD) which was nine times higher than the den- 
sity of A cells in that area (Table 1). An inverse relation- 
ship of A cells to PP cells was found in the remaining 
lobules 'PP-poor' (Table 1). There was no significant 
difference in B or D cell densities in the two regions of 
the head. The data obtained from the 'PP-poor' lobules 
were similar to those found in the tail (Fig. 1), having a 
high percentage of A cells and a low percentage of 
PP cells. 

Discussion 

This study shows that all four types of pancreatic en- 
docrine cell can be recognised as early as 9 weeks gesta- 
tion in the human fetus. By 10weeks there is clear sep- 
aration of 'PP-rich' lobules in the pancreatic head, con- 
firming the previous report of Paulin and Dubois [12]. 

There was no evidence from our study to suggest 
that the appearance and development of A cells pre- 
cedes that of other cell types; staining for all cells was 
negative at 7 weeks and positive at 9 weeks and the cell 
density of A cells was less than that of B cells at both 10 
and 11 weeks. Accurate estimation of the gestational 
age of a fetus is not always easy, which may be the cause 
of the variation in observations on the first appearance 
of endocrine tissue in the pancreas. Only A cells gran- 
ules were identified in electron microscope sections 
from a 9 week fetus by Like and Orci [1]. Failure to ob- 
serve other cell types may have been due to the neces- 
sarily small tissue sections sampled for electron micros- 
copy. A cells are also the first endocrine cells to differ- 
entiate in fetal rat pancreas [3]. By 10.5 weeks A, B and 
D cells were identified in human pancreas [1] and A and 
D cells have also been shown by immunofluorescence 
at 10-11 weeks' gestation [13]; B cells were not found by 
these workers until 12 weeks' gestation. 

The distribution of PP cells may reflect the ontogeny 
of the pancreas from two gut diverticulae. Malaisse- 
Lagae et al. [4] found that the dorsal region of the pan- 
creatic head, which originates from the ventral primor- 
dium, contained many PP cells and few A cells com- 
pared with the remainder of the pancreas (dorsal pri- 
mordial tissue). Similar 'PP-rich' lobules have been 
identified in rats [14] and dogs [15], and in the human 
neonate [5]. Although two separate pancreatic buds ly- 
ing adjacent to the stomach and duodenum were found 
at 7 weeks' gestation, no endocrine cells were identified 
until 9 weeks, and no clear pattern of cell distribution 
was observed at that stage. At 10 weeks 'PP-rich' lobules 
were identified separated by the pancreatic duct from 
the 'PP-poor' lobules. The densities of PP and A cells 
were inversely related in the posterior part of the head 

('PP-rich'), and the distribution was reversed in the re- 
mainder of the pancreas as seen in the neonate [5]. In 
contrast to the findings of Rahier et al. [16] no signifi- 
cant regional differences in D cell density were found. 

Factors controlling cellular differentiation may be 
localised within the developing pancreas since the 'PP- 
rich' lobules can be identified at an early stage of devel- 
opment. All four types of cell are found adjacent to the 
duct cells on the contraluminal border. Primitive islets 
then form in the mesenchyme adjacent to the ducts. En- 
docrine and exocrine cells may arise from a common 
stem cell and the cytodifferentiation pathway may be 
determined by both intracellular and extracellular bio- 
chemical factors. Infants of diabetic mothers have in- 
creased numbers of B cells but also increased densities 
of A, PP and D cells which implies that a factor, such as 
hyperglycaemia, can affect the differentiation of all en- 
docrine cell types [17]. Differentiation of both acinar 
and endocrine tissue in cultured rat embryonic pan- 
creas is unfluenced by glucocorticoids, amino acids, 
and factors in the mesenchymal tissue [3]. A neural crest 
origin of 'APUD' (amine precursor uptake decarbox- 
ylase) endocrine cells in the rat pancreas [18] is thought 
to be unlikely, since A and B cells develop after removal 
of the neural ectoderm from early embryos [3]. 

The total endocrine density per epithelial area did 
not change with increased age during a period of rapid 
pancreatic expansion. This suggests a parallel increase 
in the growth of endocrine and exocrine tissue from 
a0-20weeks. The relative proportions of B, A, and 
PPcells did not alter in the period 10-20weeks, but 
there was an increase in the relative density (percentage 
total endocrine cells) of D cells with age. Somatostatin 
cells form 30% endocrine cells in the neonate [5], falling 
to 20% in the infant and 8% in the adult pancreas [16]. A 
further decrease of D cells with aging has been de- 
scribed [7]. Somatostatin is a powerful inhibitor of the 
release of endocrine secretions [19]. The high concentra- 
tion of D cells in the fetal pancreas may form paracrine 
inhibitory mechanism for pancreatic and gut hormone 
secretion which could be partly replaced in the neonate 
by neurogenic links. 
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