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Comparison of two functioning human pancreatic islet cell tumors
with adjacent uninvolved islets enabled identification of various islet
cell types on the basis of their fine structure. The evidence suggests that
mature secretory neoplastic beta cells arise by differentiation from im-
mature budding ducts in a germinal region of the tumors, through a proc-
ess resembling that of islet differentiation in embryos.

This work was undertaken because biopsy tissue presented an oppor-
tunity to study the fine structures of different cells in human pancreatic
islets and to compare these with the structures of tumor cells. The tissue
also permitted study of the secretory characteristics in functioning endo-
crine normal and neoplastic cells.

CASE HISTORIES
Case I

A 66-year-old white man underwent partial pancreatectomy for the removal of a
tumor believed responsible for episodes of hypoglycemia. During the 4 hours before
removal of the lesion, he received approximately 40 gm. of dextrose intravenously.
Before dextrose administration, glycemia was 75 mg. per cent; whereas s and 9 hours
after removal of the tumor, it was II2 and i65 mg. per cent, respectively. Measure-
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ments on the first, third, tenth, and 28th postoperative days were 202, I45, io6, and
125 mg. per cent respectively. When he was last seen in clinic in April, I960, 3 years
after operation, the glucose tolerance curve was normal. The surgical specimen, 2.5
by 2 by i cm., contained a discrete firm white tumor, i.i by o.8 by o.8 cm.

Case II

A pancreatic tumor believed responsible for episodes of hypoglycemia was removed
from a 44-year-old white woman. During the 6 hours before operation, she received
intravenously io gm. of dextrose. Three gm. of dextrose per hour were given during
the operation. Blood sugar levels on the first, eighth and 2 ISt postoperative days were
i6i, 95 and 86 mg. per cent respectively. At the time the patient was last seen in May,
I959, 22 months after the operation, there had been no recurrence of symptoms. The
surgical specimen, 2.5 by i.5 by 2.5 cm., consisted of firm white tumor surrounded
by a thin rim of pancreatic tissue.

MATERIAL AND METHODS

Sections from the tumor and pancreas were taken in both cases for light and elec-
tron microscopy. For light microscopy, tissues were fixed and processed by methods
previously described.3 Paraffin sections were stained with Gomori's chrome alum
hematoxylin, Masson's trichrome,3 and the aldehyde fuchsin 4 stains. For electron
microscopy, tissues were fixed in buffered osmium textroxide,5 and embedded in
methacrylate. For orientation, a rapid toluidine blue staining method 6 was employed
on methacrylate-embedded tissues and examined by light microscopy. These sections
were also stained by a modified trichrome 7 which permitted identification of various
islet cell types.8

PANCREATIC ISLETS ADJACENT TO TUMOR
Light Microscopy

Pancreatic islet cells in both patients were similar to those described by
others as normal in man 9"10 and animals."1

Electron Microscopy

The ultrastructure of human pancreatic islets was similar to that of
other animals 12-16 although they most resembled those of the cat.'3 Spe-
cific granules of alpha cells (alpha granule) were rounded and approxi-
mately 0.2 ,u in diameter. They consisted of a dense, round, homogeneous
core surrounded by a membranous envelope (Figs. I and 2). Mitochon-
dria were more numerous in areas poor in alpha granules. The endo-
plasmic reticulum was present in higher concentration near the nuclei.
A small Golgi apparatus was situated near the nucleus. Alpha cells con-
tained one or more irregular lipid bodies measuring up to I /u in diameter.
The specific granules in beta cells measured up to 0.2 ,u in diameter.

The cores, however, were distinguished from those of alpha cells by their
crystalloid configuration and lesser density (Figs. I and 3) . In beta cells
with few granules, mitochondria appeared larger and irregularly shaped
(Fig. I). The endoplasmic reticulum was distributed evenly through the
cells. The Golgi apparatus was larger and more widely spread than in
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alpha cells. Fenestrated membranes (annulate lamellas) were frequently
seen in beta cells.

Delta cells contained no specific granules and resembled those de-
scribed in cats.13 Occasional islet cells were seen which resembled delta
cells but which had less vesiculation of the cytoplasm and exhibited num-
erous and complex interdigitations of cytoplasmic processes (Fig. 4).
Cells of this type were provisionally termed immature delta cells. The
stroma of the pancreatic islets was similar to that described in ani-
mals.13"14

ISLET CELL TUMORS
Light Microscopy

Case I. The tumors resembled those previously described, and there-
fore only those features which were uncommon or useful in understand-
ing the ultrastructure of these tumors are emphasized. Three distinct and
adjacent zones were distinguishable in this tumor.
Zone A (proliferating ducts and alpha cells) was approximately 0.5

mm. in diameter and was comprised of proliferating ducts to which were
attached a few small solid buds of proliferating islet cells (Fig. 5). This
pattern has been termed nesidioblastosis.'7 Mitotic figures were common
in duct and islet cells. Although a few clusters of alpha cells were found
in association with a duct, none were present elsewhere in the tumor. The
stroma of this area was characteristically composed of young fibrous
tissue.
Zone B (ducts with islet cell buds and beta cells) measured approxi-

mately 2 mm. in diameter and resembled zone A except that ducts and
connective tissue were less common and the islet cell buds attached to
ducts were larger and more abundant. Cells present in these buds were
of 3 types: Cell Type I (immature tumor beta cells) had abundant clear
cytoplasm with wisps of fibrillar material and no recognizable specific
granules. Cell Type II (mature tumor beta cells) was the most common.
It was elongated and contained few to many typical beta granules con-
centrated near the plasma membrane at the capillary pole. Cell Type III
(dark cells) had a small dark nucleus. This cell, darker than Cell Types
I and II, frequently exhibited considerable branching.
Zone C (mature tumor beta cells) comprised the bulk of the tumor

and was composed almost exclusively of Cell Type II. These cells formed
follicles or small cords (Fig. 6). Follicles contained a light granular
substance on a dense and concentrically laminated plug which was some-
times calcified.

Case II. The 3 distinct zones seen in case I were not as clear in case II.
This tumor, in common with the first one, had a restricted area of pro-
liferating ducts with attached solid cords of cells characterized by indis-
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tinct cell borders (Fig. 7). As in the first case, mitotic figures were fre-
quent only in this region (Fig. 8). The tumor islet cells, however, differed
from those of the first case in many respects. Beta granules were rarely
seen with the aldehyde fuchsin stain. The cytoplasm contained large
hematoxylin-stained particles (Fig. 8). Nuclei were hyperchromatic,
larger and showed considerable variation in size and shape. Finally,
capillaries were surrounded by many connective tissue cells and a few
eosinophils and lipophages.

Electron Microscopy

Case I. Most sections taken for electron microscopy were from zone C,
except for a small portion which came from zone B.

Cell Type I (immature tumor beta cells) had a scanty cytoplasm
devoid of typical beta granules (Figs. 9 to i i). Occasional cells con-
tained a few irregular granules which probably represented immature
beta granules. Mitochondria and Golgi components were small and few
in number. In some cells the cytoplasm contained an abundant vesicu-
lated endoplasmic reticulum. These vesicles contained an amorphous
substance of low density (Fig. io). Fenestrated membranes were pres-
ent in some of these cells (Fig. i i ), but their frequency was no greater
than in non-neoplastic beta cells. Fenestrated membranes were fre-
quently continuous with a series of cisternas resembling vesiculated
endoplasmic reticulum. In the cytoplasm of some cells a homogeneous
dark round body surrounded by the outer nuclear membrane (Fig. io)
was evident. Similar bodies could be found in the nuclei of these cells.

Cell Type II (mature tumor beta cells) showed cytoplasmic differen-
tiation and a varying content of typical beta granules (Figs. I4 to I6).
The nuclei of many cells, regardless of the degree of cellular differen-
tiation, contained one or more straight fibrillar structures which often
extended from one end of the nucleus to the other (Figs. I2 and I3).
The least differentiated of the cells contained a few granules which

resembled but were much smaller than beta granules (Fig. I4). In these
cells a peculiar dense membranous structure was frequently associated
with the Golgi apparatus (Fig. I4). The most differentiated of the cells
had many beta granules and mitochondria usually grouped at the capil-
lary pole (Fig. I5). The opposite pole contained a prominent Golgi
apparatus, a few mitochondria and two centrioles. Beta granules ex-
hibited greater variation in size and shape than those in non-neoplastic
beta cells (Fig. I6). The endoplasmic reticulum was abundant and
frequently formed small vesicles. Lipid bodies, present in normal beta
cells, were also seen, although in smaller numbers (Fig. I3). Both inter-
locking processes and desmosomes between cells were common (Figs.
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14, I7 and i8). Cell borders at the capillary pole were covered by a
parenchymal basement membrane with frequent interruptions. Cyto-
plasmic projections containing a few vacuoles and small bodies occasion-
ally protruded through them into the perivascular spaces (Fig. I9).
Similar projections occurred in the space between cells. In these spaces
one could also find isolated granules among other organized matter. Peri-
capillary spaces and capillary walls appeared to be similar to those of
normal islets. Beta granules and other cytoplasmic components were
rarely found free in the vessel lumens.

In Cell Type III (dark cell) the nucleus was dense and the cytoplasm
showed many prominent villous processes. The villous processes of ad-
jacent cells exhibited interlocking of varying degree. In some instances,
the cytoplasm contained a large number of granules; some of these re-
sembled beta granules; others appeared more like zymogen granules.
The follicles, forming the greater portion of the tumor, were asso-

ciated with mature neoplastic beta cells. Most follicles contained cell
debris or crystalline material arranged in concentric layers. Empty
tumor follicles were uncommon. The tumor stroma contained many
vessels, some of capillary nature, others with one or more smooth muscle
cell layers. Nerves were usually present in relation to muscular vessels.

Case II. Some tumor cells contained granules resembling beta gran-
ules. The Golgi apparatus was prominent, and in the cytoplasm was a
variety of moderately dense bodies, a number of which contained lipid.
Mitochondria were generally somewhat swollen. The relationship of the
tumor cells to the parenchymal basement membrane and to capillaries
was similar to that in case I. However, the protrusion of cytoplasm
through the parenchymal basement membrane was not a prominent fea-
ture here. The nuclei of tumor cells did not contain the fibrillar inclusion
observed in case I. In addition to these cells, there were other small
groups with features in common with immature delta and beta cells.
Their cytoplasm had a large number of pseudopodial projections which
lay free in connective tissue spaces or interlocked with similar processes
of adjacent cells (Fig. 20). In such instances the tumor cells resembled
the interdigitating delta cells of normal islets (Fig. 4). The Golgi ap-
paratus was represented only by microvesicles and narrow cisterns (Figs.
2I and 22). Moderately dense bodies with a distinct outer membrane
were common and occasionally contained an irregular core (Figs. 22
and 23). Some of these bodies exhibited a few of the features of beta
granules. Fibers were arranged in less conspicuous small bundles, and
individual fibrils intermingled with other cytoplasmic organelles (Fig.
23).

Fenestrated membranes were rare in the cells of case II. The stroma
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was similar to that of case I, except for the presence of eosinophils, lipo-
phages, lymphocytes and other mononuclear cells. Parenchymal base-
ment membranes and adjacent subcellular spaces were conspicuous in
some instances; no clearly identifiable granules were found in the spaces.

DIsCUSSION
Human Pancreatic Islets

The histologic features we observed by light and electron microscopy
were essentially in agreement with observations reported by others 12-15
except with respect to the crystalloid appearance of beta granules.'8

Although we are unable to explain its significance, we should like to
emphasize the unusual finding of fenestrated membranes in a large pro-
portion of beta cells in case II. These membranes have not been pre-
viously reported in the normal embryo or in experimentally altered beta
cells.12-16"19-22 The widespread occurrence and possible functional sig-
nificance of fenestrated membranes have recently been discussed.23
The delta cell was originally described as the third granular cell of

human pancreatic islets.9 The absence of granules in delta cells of ani-
mals has been noted." 138"6"19 It is of interest that delta cells of the human
pancreas are also devoid of granules. The granular appearance reported
by others by light microscopy may be explained by the existence of an
abundant vesiculated endoplasmic reticulum. The marked plasma mem-
brane interdigitation of cells tentatively considered immature delta cells
has not been previously described. This finding in normal cells is of in-
terest in view of similar interlocking encountered in both tumors. De-
spite numerous investigations, there is no agreement regarding function
of the delta cells."'24 The electron microscopic resemblance of normal
delta cells to some of the immature tumor beta cells in the present work
suggests the possibility that delta cells may differentiate to form beta
cells.

Islet Tumor Cells

Most cells in both tumors were considered to be neoplastic beta cells.
Although granules in the second case were not entirely typical, the hypo-
glycemic episodes indicated that the tumor was composed of beta cells.
It is not possible to determine at present whether the glucose infusions
before and during operation accounted for the almost complete absence
of beta granules in case II.
The histogenesis of the cells comprising islet cell tumors has not been

fully discussed although several excellent reviews of the histologic fea-
tures of such tumors have recently appeared.'7'25 The apparent inclusion
of exocrine ducts within the tumor has been interpreted by some ob-
servers as a "trapping" of normal tissue within the neoplasm.25 Others
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have considered these ducts to be the site of origin of the tumor cells
themselves since islet cells are generally considered to be of ductal
origin." A detailed study by light and electron microscopy of such an
area in one of our cases suggests that it (here called "zone A") might
be the germinal center from which the remainder of the tumor might
arise through cellular differentiation and histologic rearrangement. At a
distance from this zone, cells progressively reached full maturity and
were organized in any one of the histologic patterns 25 that mature islet
cell tumors assume (islet, follicular, basaloid patterns, etc.). This inter-
pretation is based on the following observations: (i) Duct and islet cell
mitotic figures were abundant in zone A but were not noted elsewhere.
(2) Within the tumor, ducts were found only in this area. (3) Islet cells
showed differentiation progressing from zone A to other portions of the
tumor. (4) Finally, the cellular differentiation followed the same pattern
described by one of us in the course of a cytogenetic study of islet cells
in rabbit embryos."

If these considerations are correct, mitotic activity in islet cell tumors
may not be related to malignant potentiality when occurring in relation
to proliferating ducts. Mitotic activity has been noted in a benign tumor
of this type.25

Electron microscopic study of the first tumor confirmed the impres-
sion gained from light microscopy that Cell Types I and II were but
earlier and later stages in beta cell differentiation. This view is in agree-
ment with the electron microscopic observations of pancreatic islets in
the embryo of the rat 2' and mouse.20 More difficult to understand, how-
ever, was the nature of the dark cell, Cell Type III. From the well-
preserved ultrastructure of the tissues, it seemed unlikely that all Type
III cells represented degenerated beta cells, as suggested on the basis of
light microscopy.24 Because dark cells were prominent in the developing
islet cell buds of the germinal zone (A) and were rare in the remainder
of the tumor, they might represent a stage in the development of, or par-
ticipate in some way in the formation of, beta cells.

For years it has been known that islet cells and, more especially, beta
cells have a distinct cytoplasmic macular zone, always closely related to
the nucleus and the Golgi apparatus." 26 The macular zone is especially
prominent in embryonal or in activated beta cells."'27 By electron
microscopy this structure appears to be composed of a meshwork of fine

14 20 19 21Thocurnefpaafibrils in the rabbit, mouse, fish, and rat. The occurrence of para-
nuclear fibers in many of the cells in case II suggested that the fibrillar
substance was probably important in the life process of beta cells. The
fibrillar nuclear inclusions observed in case I have not been previously
described. Filaments have been found associated with virus particles in
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the nuclei of neoplastic cells,28 but they do not resemble the bundles of
filaments which were seen in our case I.

Although the beta granules in tumor cells and adjacent islets were
similar morphologically, from the work of others 29 it appears that they
are immunologically different.

There is no general agreement as to the mechanism of insulin secre-
tion by beta cells.30 Granules in the pituitary3l and in the adrenal
medulla82 have been shown to migrate into tissue spaces beyond the cell
borders by a mechanism suggesting "reverse" pinocytosis. Although
most authors believe that beta granules are carried out of the cell by a
similar mechanism, this has not yet been clearly demonstrated.13"14"16'21
In the present work the existence of beta granules or empty vacuoles
attached to the cell membranes was evidence favoring this mode of secre-
tion. Whether the large amount of cellular debris, including beta gran-
ules, found in vessels was related to the surgical procedure or could occur
with minor trauma during life was not apparent. Nevertheless, this
phenomenon suggested that beta granules might easily enter the vascular
system in large numbers. This might conceivably constitute one mech-
anism for the hypoglycemic crises. The relative ease of vascular entry is
indicated by the observation of beta cells in blood vessels in 3 cases of
benign islet cell tumor.25

SUMMARY

Functioning pancreatic islet cell tumors from two patients were com-
pared with adjacent normal islets. The latter contained alpha, beta and
delta cells resembling those observed in the cat. Among the cytoplasmic
structures noted were alpha and beta cell granules, lipid droplets, and,
in the beta cells, fenestrated membranes. Cell interdigitation was prom-
inent in elements believed to be immature delta cells.

In the tumors, immature beta cells showed inconspicuous cytoplasmic
organelles and no granules. The granules in mature tumor beta cells re-
sembled those in the beta cells of adjacent non-neoplastic islets. Inter-
mediate forms between primitive and mature beta cells were common
but localized to a single germinal region; mitotic figures were present in
ducts and islet cells in this region. In one tumor, many beta cell nuclei
contained fibrillar structures. Cells of the second, less differentiated
tumor were generally devoid of granules and in some areas exhibited
extensive interdigitation. Some contained a juxtanuclear group of fibrils.
Epithelial cells characterized by dark nuclei and cytoplasm and occa-
sional granules could represent early stages in the differentiation of beta
cells. Certain cytologic observations were thought to be related to the
process of secretion.
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The various neoplastic cell types and their topographic relations
were similar to those observed in embryonic pancreatic islets. This
suggested that the mature neoplastic beta cells arose by differentiation
from immature budding ducts in a germinal region of the tumor.
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LEGENDS FOR FIGURES
Figures I to 4 are from islets of pancreas adjacent to neoplasm. The remaining

figures are from the tumors.

FIG. I. Pancreatic islet, showing alpha and beta cells. The beta granules (,) lie
toward the capillary poles of the cells. Alpha granules are denser and rounder.
Mitochondria of beta cells are less abundant where granules are numerous. Islet
cells have one or more large dense irregularly shaped lipid bodies (LB). Fenes-
trated membranes (annulate lamellas, AL) are present in a beta cell at the lower
right. Case II. X 5,ooo.

FIG. 2. Portion of an alpha cell. The core of the alpha granule is composed of a dense
round body, a less dense medial zone and an external and sometimes apparently
membranous envelope. Case II. X 35,000.

FIG. 3. Capillary pole of two beta cells. Beta granules, like alpha granules, have a
crystalloid core, a medial zone and an external membranous envelope. The core
is composed of one or more quadrilateral bodies of low density. Case II. X 35,000.

FIG. 4. Portions of an immature delta cell (8) with considerable cytoplasmic inter-
locking (arrows) and poorly differentiated cytoplasm devoid of specific granules.
Case II. X 4,500.

FIG. 5. Proliferating ducts from which buds of islet cells (largely beta cells) are
arising (arrows). The cell borders of the latter are indistinct in contrast with
those of duct cells. One bud contains a mitotic figure. The buds also contain a
few dark staining cells (DC) which have a dark nucleus and cytoplasm. Case I.
Masson trichrome stain. X 400.

FIG. 6. Tumor follicles with beta cell granules at the capillary pole of the mature
beta cells. Case I. Gomori aldehyde fuchsin stain. X 230.

FIG. 7. Poorly differentiated beta cells with pleomorphic nuclei in a focus which
contains proliferating ducts. Case II. Masson trichrome stain. X 140.

FIG. 8. A mitotic figure appears in a group of neoplastic beta cells in the region con-
taining ducts shown in Figure 7. Basophilic bodies are present in the cells. Case
II. Masson trichrome stain. X 480.
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FIG. 9. A tumor cord in Zone B (ducts with islet cell buds and beta cells). Immature
neoplastic beta cells (IB) are least common and are devoid of specific granules.
Mature beta cells (MB) are the most common. Dark-staining cells (DC) have
spindle-shaped cytoplasm with a small dark nucleus. Their cytoplasm sometimes
contains a variety of granules and numerous cell projections which interlock
loosely. A degenerated, probably necrotic cell lies in the upper left corner. Case I.
X 3,500.

I4 Vol. 42, No. I
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FIG. IO. Immature neoplastic beta cells. The upper cell has a clear cytoplasm and a
dense body attached to the outer nuclear membrane, whereas the other cell has
an abundant vesiculated endoplasmic reticulum. The cytoplasm of these cells re-
sembles that of delta cells. Case I. X 22,000.

FIG. II. Membranes in the annulate lamellas (fenestrated membranes) are con-
tinuous with an adjacent system of vacuoles. Case I. X 50,000.

FIG. I 2 (insert). Fibrillar inclusions are manifest in the nucleus of an immature beta
cell. Case I. X 3,500.

FIG. I3. Fibrillar intranuclear inclusion. This is a higher magnification of the area
shown in Figure 12. Case I. X 75,000.

FIG. I4. A mature neoplastic beta cell shows a well-developed Golgi apparatus and
an associated peculiar dense membranous structure (arrows). Two small beta
granules are present. The cytoplasm has an abundant vesiculated endoplasmic
reticulum. Case I. X I5,000.
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FIG. 15. A mature tumor beta cell exhibits numerous beta granules toward the vas-
cular pole at the top. Some lipid bodies and moderately dense bodies are also
present in this area. The Golgi zone and centrioles lie on the other side of the
nucleus. Case I. X 5,500.

FIG. i6. Beta granules are evident in a mature tumor beta cell. The crystalloid cores
of these granules show more variation in size, number and shape than those of
beta cells in the adjacent pancreas. Some other moderately dense bodies are pres-
ent. Clusters of ribosomes are scattered throughout the cytoplasm. Case I.
X 30.000.

FIG. I7. A deep intracellular projection extends from one tumor cell into another.
Case I. X 30,000.

FIG. I8. Intracellular projections, as shown in Figure I7, are cut transversely
(arrows) and simulate circumscribed double-membraned bodies. Desmosomes
are common. A few immature beta granules are present. Case I. X 30,000.

FIG. I9. A mature tumor beta cell has cytoplasmic projections extending through
a hiatus of the basement membrane into a pericapillary space. One beta granule
(0) is at the base of the cell projections. Case I. X 24.000.
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FIG. 20. Tumor cells have a large number of cell processes interlocking with similar
processes of neighboring cells. The latter are similar to the immature delta cells
in pancreatic islets. Case II. X 4,500.

FIG. 2I. Tumor cells with many cytoplasmic projections are shown at higher mag-
nification than Figure 20. The cytoplasm contains numerous small microvesicles,
often arranged in clusters; a few vesicles of moderate size; and a large number of
small and moderately large granules of variable density and shape. A few of the
latter may represent small beta granules. Case II. X 9,ooo.

FIG. 22. A Golgi zone appears in a tumor cell similar to that shown in Figure 20.
It is composed largely of microvesicles and a small number of parallel narrow
cisterns. This cell also contains numerous granules and moderately dense bodies,
as shown in the insert. Some of the bodies have irregular cores (arrows) resem-
bling the pattern of beta granules. Case II. X 38.000.

FIG. 23. A bundle of parallel fibrils lies near the nucleus. One granule (arrow) simu-
lates a beta granule. Case II. X 25,000.
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