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SUMMARY - Somatostatin is a gastrointestinal peptide hormone that inhibits growth of pancreatic cancer
as reported by an increasing body of evidence. Yet this is not always the case. To clarify the controversy we
aimed to identify the expression of somatostatin in developing human embryonic pancreatic tissue and
pancreatic adenocarcinoma given that somatostatin positive cells were shown either into primitive pancre-
atic ductal epithelium or into pancreatic carcinoma. Tissue sections representing pancreatic fetal speci-
mens (n=15) and ductal pancreatic adenocarcinoma specimens (n=15) were assessed using immunohis-
tochemical methods for somatostatin expression. Normal primitive exocrine ductal epithelium and endo-
crine epithelium showed a definite, statistically significant, higher expression of somatostatin over neoplas-
tic pancreatic tissue of mixed (ductal-endocrine) and pure ductal type (p1=0.021, p2=0.001, p3<0.0001,
and p4=0.003 respectively) during the 8" to the 10" week. No statistically significantly different expres-
sion of somatostatin in the mantle zone of the islets over neoplastic tissue of mixed (p5=0.16) and pure
ductal type (p6=0.65), from the 13™ to the 24™ week was demonstrated. Pancreatic cancer cells can ex-
press somatostatin in a model that reproduces the normal expression of the peptide by &-cells during
embryonal organogenesis. Therapy aimed at pancreatic cancer must be targeted to somatostatin and ana-
logues as a potential adjuvant novel option.
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Introduction itive duct epithelium provides the stem cell population for
all the secretory cells of the pancreas. It gives rise to o cells
which produce glucagon, 3 cells which produce insulin, and
d cells which produce somatostatin during weeks 8-10.
Cells containing pancreatic polypeptide (PP) appear some-
what later. All four different endocrine cell types can be
distinguished by immunocytochemistry**. Initially these
endocrine cells are located in the duct walls or in buds de-
veloping from them. Around the thirteenth week of ges-
tation, formation of the islets of Langerhans commences
with the appearance of duct-associated, non-vascularized

The development of the endocrine pancreas is com-
plex and inter-related with the development of the exo-
crine portion of the organ. It is now clear that both the
exocrine and endocrine pancreas are of endodermal ori-
gin'?. The evaginations of pancreatic endoderm (fifth
week of gestation) into the investing mesenchyma become
tubular structures which branch progressively. The prim-
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twenty and twenty-two weeks of gestation, non-f3 cells
appear in peripheral and central parts of the islets, and the
adult type of islets are formed. Islet formation persists
during intrauterine life and can be seen at different phas-
es of the neonatal period. Histologic sections of pancreas
examined during this period show both the fetal and the
adult types of islets.

Pancreatic carcinoma remains one of the least curable
malignant diseases. At present, pancreatic cancer is the
fourth leading cause of death in Western countries. It is
presently the fifth most common cause of cancer death in
the United States, accounting for over 25,000 cancer
deaths annually. The only curative treatment for pancre-
atic tumor is surgical resection. Unfortunately, a surgery
for curative purposes is only possible in 10% to 15% of cases,
and the overall five-year survival rate of pancreatic cancer
isas low as 3.5%°. The dismal prognosis of this disease may
someday be improved by better understanding of its patho-
genesis. Neoplasms of the pancreas arise from ductal, aci-
nar, stromal, or islet cells. The term carcinoma of the pan-
creas is customarily used only in reference to exocrine tu-
mors and rare mixed endocrine-exocrine carcinomas. Neo-
plasms including carcinomas composed primarily of endo-
crine cells are collectively termed islet cell tumors. The
precursors of these tumors are presumably developmen-
tally multipotent in terms of their capacity to differenti-
ate into various cell types producing various hormones and
regulatory peptides. Whether these cells originate from the
ductular epithelium or the islet cells is a matter of debate’.

Somatostatin is a cyclic polypeptide hormone isolated
from the hypothalamus and characterized by its ability to
inhibit release of growth hormone from the pituitary gland.
It exists in two forms, somatostatin-14, composed of 14
amino acids, and somatostatin-28, a prohormone composed
of 28 amino acids. In the digestive system, somatostatin
has been immunolocalized in intrisic nerves of the intes-
tinal wall and in endocrine cells of the digestive mucosa
and pancreatic islets. The antrum, duodenum and pancre-
as contain almost exclusively somatostatin-14, whereas the
gastric body and the rest of the intestine contain 40 to 80
per cent of somatostatin-28. NCL-SOMATOp will label
d cells of the endocrine mammalian pancreas and also cells
of the hypothalamic parvicellular region. NCL-SOMATOp
may prove useful for the identification of islet cell tumors
and hyperplasia of the pancreatic islets.

Somatostatin and its analogs have been included in
experimental treatment for advanced pancreatic carcino-
ma patients, based on their antisecretory and antiprolifer-
ative properties, although cases not responding to mono-
therapy have been reported.
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We investigated the immunohistochemical expression
of somatostatin in a series of embryonal and neoplastic
human pancreatic tissues. We tried to trace the normal
expression profile of somatostatin in tissues with different
proliferative and differentiating compartments and to in-
vestigate whether somatostatin expression in pancreatic
carcinoma recapitulates the normal pattern of expression,
or may occur as a result of neoplastic deregulation.

Materials and Methods

Tissue sampling

The pancreatic tissues were obtained by pancre-
atoduodenectomy (the Whipple procedure) for carcinoma
of the pancreas. Samples from the pancreas of 15 consec-
utive surgical patients were included in the study. Tiwo
tissue samples were taken from each patient: one from the
tumor and one from the resection margin. All tumors were
verified as pancreatic adenocarcinomas with various de-
grees of differentiation. The tissues from the resection
margins likewise were examined histologically and were
found to be free of tumor cells.

Human embryonic (fetal) pancreatic tissue from fif-
teen fetuses after involuntary abortion (8 to 10 gestation-
al weeks: 8 samples, 13 to 24 weeks: 7 samples) were in-
vestigated.

"The local hospital ethics committee approved the use
of human tissue, and a written informed consent was ob-
tained from all patients.

Immunohistochemical procedure

Somatostatin immunoreactivity was evaluated using
the lyophilized polyclonal antibody (NCL-SOMATOp) on
formalin-fixed, paraffin-embedded samples. Continuous
sections of the tissue were cut into 3-um thick slices and
immunohistochemistry was performed by the avidin-biotin
complex (ABC) method, using DAKO kits. Briefly, after
the sections had been dewaxed and rehydrated, they were
washed in phosphate-buffered saline (PBS) and incubat-
ed for 30 min in normal goat serum to inhibit nonspecific
binding. The sections were then washed in PBS and in-
cubated with antibody against somatostatin (NCL-SO-
MATOp) overnight at 4 °C. The primary antibody was
used after dilution (1:150).

Somatostatin (NCL-SOMATOp) immunoreactivity
was cytoplasmic, with only occasional and faint nuclear
immunostaining. For each sample positive cells in the
ducts, islets of Langerhans, aggregates or isolated cells in
the pancreatic parenchyma were assessed by enumeration
of labeled cells in each tissue compartment for a minimum
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Table 1. Reactivity of somatostatin (NCL-SOMATOp) in human embryonal and neoplastic pancreatic tissue

Pancreatic Number Density of somatostatinpositive cells
tissue of cases (average cells/mm? of tissue = SEM)
Embryonal (8-10 weeks) 8

Primitive exocrine duct walls 364+ 2.3

Primitive exocrine ductal buds 209 + 0.9
Embryonal (13-24 weeks) 7

Mantle zone of the islets of Langerhans 27.8 21

Neoplastic tissue 10

Mixed ductal-endocrine carcinoma 6 321 x1.7

Pure ductal carcinoma 4 26.6 = 1.3

of five random fields per section viewed at 40-fold magni-
fication through a grid. Cell number was calculated per 1
mm? of tissue section. The counted areas were selected
from random fetal and neoplastic pancreatic tissue sec-
tions, taking into account that the ratio of the exocrine
pancreatic area (acinoracemose), according to the endo-
crine pancreatic area (islets of Langerhans) was entirely
representative. Statistical analysis was done by use of t-
test.

Results

Results are presented in Table 1.

Embryonal pancreatic tissue (8 to 10 weeks, old hu-
man embryos). During this period of development, endo-
crine cells (d cells) demonstrated a strong positive immu-
noreactivity for somatostatin (NCL-SOMATOp), initial-
ly in the primitive exocrine duct epithelium (density of
somatostatin positive cells = mean of cells/mm? of tissue

+ SEM = 36.4 = 2.3) (Fig. 1) or forming small aggregates
(buds) in the surrounding ductal structures, loose mesen-
chymal tissue (density of somatostatin positive cells =
mean of cells/mm? of tissue = SEM = 20.9 = 0.9) (Fig.
2). From the 13" to the 24" week of gestation, a period that
coincides with the formation of the islets of Langerhans,
a strong positive immunostaining for somatostatin (NCL-
SOMATOp) was observed to the endocrine cells (d cells)
at the periphery (mantle zone) of the endocrine pancre-
atic islets (density of somatostatin positive cells = mean
of cells/mm? of tissue = SEM = 27.8+2.1) (Fig. 3).

Neoplastic pancreatic tissue. Somatostatin was dem-
onstrated in ten out of fifteen pancreatic adenocarcinomas.
The five somatostatin negative pancreatic adenocarcino-
mas were of mucinous type. Somatostatin positive cells
constituted the majority of neoplastic cells in the duct-like
structures or small cords of the tumor. Especially, in six
cases diagnosed as mixed ductal-endocrine carcinoma, the
density of somatostatin positive cells was 32.1 = 1.7 cells/

Fig. 1. Somatostatin expression in the primitive exocrine ductal
epithelium. NCL-SOMATOp X200.
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Fig. 2. Somatostatin expression in the primitive exocrine ductal buds.
NCIL-SOMATOp X400.
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Fig. 3. Somatostatin expression in the primitive endocrine mantle
zone of the isler. NCL-SOMATOp X200.

mm? (Fig. 4); in the remaining four cases diagnosed as pure
ductal adenocarcinoma the density of somatostatin posi-
tive cells was 26.6 = 1.3 cells/mm? (Fig. 5).

"There was a statistically significant difference in the
expression of somatostatin in the duct-like structures be-
tween the primitive exocrine embryonal pancreatic tissue
from the 8 to the 10® gestational week, and the neoplas-
tic pancreatic tissue of mixed type (p1=0.021) and pure
ductal type (p2=0.001).

There was also a statistically significant difference in
the expression of somatostatin in the buds surrounding the
ductal structures between the primitive exocrine embry-
onal pancreas from the 8" to the 10" week, and the neo-
plastic pancreatic tissue of mixed type (p3<0.0001) and
pure ductal type (p4=0.003).

No statistically significant difference was observed in
the expression of somatostatin in the mantle zone between
the endocrine embryonal pancreatic tissue from the 13®
to the 24" week, and the neoplastic tissue of mixed type
(p5=0.16) and pure ductal type (p6=0.65).

Discussion

The prognosis of patients with exocrine pancreatic
cancers remains very poor. Only 36.1% of patients are sur-
gically treated, however, with a 5-year postoperative sur-
vival rate of less than 20%®. Therefore, new therapeutic
approaches for the treatment of exocrine pancreatic can-
cers must be developed. In the past two decades, the
employment of certain gastrointestinal hormones, growth
factors, and steroids has been reported in new approaches
to control exocrine pancreatic cancers’.
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Fig. 4. Somatostatin expression in neoplastic pancreatic tissue with
recapitulation of the relevant expression of the antigen in the prim-
itive embryonal pancreatic anlage. NCIL.-SOMATOp X200.

Somatostatin is a tetradecapeptide that is widely dis-
tributed in the body and inhibits hormonal secretion, cell
proliferation, and other cellular processes!’. These inhib-
itory effects of somatostatin are mediated by cell-surface
somatostatin receptors (sstr), which consist of five sub-
types and form the sstr family!3, All five sstr subtypes
(sstr-1 to -5) differ in their tissue distribution'!, pharma-
cological properties', or affinity to somatostatin analogs'>°.
Many kinds of somatostatin analogs bind selectively and
more potently to sstr-2, -3, and -5 than endogenous ligands,
SS-14/SS-28, but these analogs lose potency for sstr-1. Sstr-
1 and -4 show strikingly low affinities for the octapeptide
analogs, SMS 201-995 (octreotide), RC-160 (vapreotide)
and BIM 23014 (lanreotide), which are already in clinical
use as long-acting somatostatin analogs for the diagnosis
and treatment of a variety of neuroendocrine tumors and

Fig. 5. Somatostatin expression in pancreatic adenocarcinoma of
pure ductal type. NCL-SOMATOp X200.
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gastrointestinal disorders. The antiproliferative effects of
somatostatin and its analogs suggest their therapeutic
potential for cancer treatment'’, and these effects are sug-
gested to be mainly mediated by sstr-1, -2, and -5'. Sstr-
2 mediates the antiproliferative effects of the long-acting
somatostatin analogs, SMS201-995 and RC-160, i vive
through the stimulation of tyrosine phosphatase activity.
Paz-Bouza ez al.?° have reported that RC-160 decreased the
volume of experimentally induced tumors, and their col-
leagues also found regressive chances and necrosis of the
tumor by histopathologic methods?. Although the poten-
tial usefulness of somatostatin analogs for the treatment
of pancreatic cancers has been discussed previously®, the
expression of sstr subtypes in human pancreatic cancer tis-
sues has not been fully studied.

The presence of sstr-2 not only in normal surrounding
pancreatic tissues but also in pancreatic cancer tissues in
the study of Kikutsuji ez @/ is contradictory to observa-
tions reported by two groups*#. Buscail e74/.* have report-
ed that sstr-2 was present in the normal human exocrine
pancreas as well as in colon tissues, but that sstr-2 was not
expressed in transplanted pancreatic and advanced col-
orectal carcinoma tissues. This discrepancy may be ex-
plained by differences in the culture environments, i.e. the
monolayer culture in our study and the subcutaneous im-
plant of tumor tissues in nude mice in their study. The ex-
pression pattern of the sstr subtype may be affected by the
cellular environment, e.g., that of the monolayer culture
or in xenografts®.

The purpose of this article is to point to somatostatin
expression in embryonic and neoplastic pancreata. In the
fetus, somatostatin was expressed in selected developmen-
tal phases suggesting a differentiation-related role. Our
data reveal the dynamic behavior of the glandular epithe-
lium in the neoplastic pancreas as well, thus indicating that
the human epithelial cells in the branching ducts of the
neoplastic pancreas may serve as stem cells, which if ap-
propriately induced may differentiate into endocrine cells
such as the d-cells expressing somatostatin. This finding
could be of therapeutic relevance.

References

1. Le DOUARIN N. The neural crest. Developmental and cell biolo-
gy series. Cambridge: Cambridge University Press, 1982.

2. Le DOUARIN N. On the origin of pancreatic endocrine cells. Cell
1988;53:169-71.

3. HAHN von DORSCHE H, REIHER H, HAHN H. Phases in the
carly development of the human islet organ. Anat Anz 1988;166:69-
71.

Acta Clin Croat, Vol. 44, No. 1, 2005

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. LIKE A, ORCI L. Embryogenesis of the human pancreatic islets: a

light and electron microscopic study. Diabetes 1972;21:511-34.

. FERNER H. Das Inselsystem des Pancreas: Entwicklung, Histo-

biologie und Pathophysiologie mit besonderer Berucksichtigung des
Diabetes mellitus. Stuttgart: Thieme, 1952.

. BENALI N, CORDELIER P, CALISE D, PAGES P, ROCHAIX P,

NAGY A, ESTEVE ]J-P, POUR PM, SCHALLY AV, VAYSSE N,
SUSINI C, BUSCAIL L. Inhibition of growth and metastatic pro-
gression of pancreatic carcinoma in hamster after somatostatin re-
ceptor subtype 2 (sst2) gene expression and administration of cy-
totoxic somatostatin analog AN-238. Proc Natl Acad Sci USA
2000;97:9180-85.

. KLOPPEL G, HEI'TZ PU. Pancreatic endocrine tumors. Pathol Res

Pract 1988;183:155-68.

. OHASHI O, YAMAMOTO M, ISHIDA H, FUJIWARA H, HASE-

GAWAY, SAITOH Y. The results of treatment for pancreatic can-
cer-statistic chance. Nippon Geka Gakkai Zasshi (J Jpn Surg Soc)
1997;98:588-91. (in Japanese with English abstract)

. JOHNSON LR. Effects of gastrointestinal hormones on pancreat-

ic growth. Cancer 1981;47:1640-5.

LIEBOW C, REILLY C, SERRANO M, SCHALLY AV. Somatosta-
tin analogues inhibit growth of pancreatic cancer by stimulating
tyrosine phosphatase. Proc Natl Acad Sci USA 1989;86:2003-7.

YAMADAY, POST SR, WANG K, TAGER HS, BELL GI, SEINO
S. Cloning and functional characterization of a family of human and
mouse somatostatin receptors expressed in brain, gastrointestinal
tract and kidney. Proc Natl Acad USA 1992;89:251-5.

BRUNO JE XUY, SONG ], BERELOWI'TZ M. Molecular cloning
and functional expression of a brain-specific somatostatin receptor.
Proc Natl Acad USA 1992:89:11151-5.

O’CARROLL AM, LOLAIT SJ, KONIG M, MAHAN LC. Molec-
ular cloning and expression of a pituitary somatostatin receptor with
preferencial affinity for somatostatin-28. Mol Pharmacol
1992;42:939-46.

HOYER D, LUBBERT H, BRUNS C. Molecular pharmacology of
somatostatin receptors. Naunyn Schmiedebergs Arch Pharmacol
1994;350:441-53.

PATEL YC, SRIKANT CB. Subtype selective of peptide analogs
for all five cloned human somatostatin receptors (hsstr 1-5). Endo-
crinology 1994;135:2814-7.

HOFAND L], VISSER-WISSELAAR HA, LAMBERTS SW]. Soma-
tostatin analogs: clinical application in relation to human somatosta-
tin receptor subtypes. Biochem Pharmacol 1995;50:287-97.

REUBI JC. Octreotide and nonendocrine tumors: basic knowledge
and therapeutic potential. Prog Basic Clin Pharmacol 1996;10:246-
69.

LAW SE WOULFE D, REISINE T: Somatostatin receptor activa-
tion of cellular effector systems. Cell Signal 1995;7:1-8.
BUSCAIL L, DELESQUEN, ESTEVE J-P, SAINT-LAURENT N,
PRATS H, CLERC P, ROBBERECHT P, BELL GL, LIEBOW C,
SCHALLY AV, VAYSSE N, SUSINI C. Stimulation of tyrosine phos-
phatase and inhibition of cell proliferation by somatostatin ana-

logues: mediation by human somatostatin receptor subtypes SSTR1
and SSTR2. Proc Natl Acad Sci USA 1994;91:2315-9.

19



D. Tamiolakis Somatostatin expression in normal human fetal and neoplastic pancreatic tissue

20. PAZ-BOUZA ]I, REDDIN TW, SCHALLY AV. Treatment of nit- ~ 24. BUSCAIL L, SAINT-LAURENT N, CHASTRE E, VAILLANT

rosamine-induced pancreatic tumors in hamsters with analogs of JC, GESPACH C, CAPELILA G, KALTHOFF H, LLUIS E VAY-

somatostatin and luteinizing hormone-releasing hormone. Proc Natl SSEN, SUSINI C. Loss of sst2 somatostatin receptor gene expres-

Acad Sci USA 1987;84:1112-6. sion in human pancreatic and colorectal cancer. Cancer Res
21. ZALATNAI A, SCHALLY AV. Responsiveness of hamster pancre- 1996;56:1823-7.

atic cancer to treatment with microcapsules of D-Trp-6-LH-RH and 25. REUBI JC, HORISBERGER U, ESSED CE, JEEKEL J, KLIJN

somatostatin analog RC-160: histological evidence of improvement. JGH, LAMBERT'S SWJ. Absence of somatostatin receptors in hu-

Int J Pancreatol 1989;48:149-60. man exocrine pancreatic adenocarcinomas. Gastroenterology

22. SCHALLY AV. Oncological applications of somatostatin analogues. 1988;95:760-3.

Cancer Res 1988;48:6977-85. 26. AIN KB, TAYLOR KD, TOFIQ S, VENKATARAMAN G. Soma-
23. KIKUTSUJI T, HARADA M, TASHIRO S, SETSUKO I, MORI- tostatin receptor subtype expression in human thyroid and thyroid
TANT M, YAMAOKA T, TTAKURA M. Expression of somatostatin carcinoma cell lines. J Clin Endocriol Metab 1997;82:1857-62.

receptor subtypes and growth inhibition in human exocrine pancre-
atic cancers. ] Hepatobiliary Pancreat Surg 2000;7:496-503.

Sazetak

EKSPRESIJA I OBRADA SOMATOSTATINA U GUSTERACI U RAZVOJU 1 U DUKTALNOM ADENOKARCINOMU
GUSTERACE

D. Tamiolakis, C. Simopoulos, J. Venizelos, M. Lambropoulou, S. Nikolaidou, P Isikouras, G. Alexiadis, A. Talkidis, T Jivannakis i N.
Papadopoulos

Somatostatin je probavni peptidni hormon koji suzbija rast raka gusterace, za §to postoji sve vise dokaza. No to se ne dogada
uvijek. Cilj studije bio je utvrditi ekspresiju somatostatina u ljudskom embrijskom tkivu gusterace u razvoju i u adenokarcinomu
gusterace, s tim da su na somatostatin pozitivne stanice dokazane ili u primitivnom duktalnom epitelu gusterace ili u karcinomu
gusterace. Tkivni isjecci koji su predstavljali uzorke fetalne gusterace (n=15) i uzorke adenokarcinoma gusterace (n=15) ispitani
su pomoc¢u imunohistokemijskih metoda za ekspresiju somatostatina. Normalan primitivni egzokrini duktalni epitel 1 endokrini
epitel pokazao je konac¢nu, statisti¢ki znacajno visu ekspresiju somatostatina iznad neoplasti¢nog tkiva gusterace mijesanog
(duktalno-endokrinog) i ¢istog duktalnog tipa (p1=0,021, P2=0,001, p3<0,0001 odnosno p4=0,003) tijekom 8. do 10. tjedna.
Nije dokazana statisticki znacajno razli¢ita ekspresija somatostatina u ovojnom sloju (mantle zone, mantle layer) otocica iznad
neoplasti¢nog tkiva mijesanog (p5=0,16) i ¢istog duktalnog tipa (p6=0,65) od 13. do 24. tjedna. Dakle, stanice raka guSterace
mogu izrazavati somatostatin na na¢in koji ponavlja normalnu d-stani¢nu ekspresiju peptida za vrijeme embrijske organogeneze.
Lijecenje zbog raka gusterace usmjereno na somatostatin i njegove analoge moglo bi predstavljati novu moguénosti adjuvantne
terapije.

Kljuéne rijeci:

20 Acta Clin Croat, Vol. 44, No. 1, 2005



