Original

Immunohistochemical characterization of human fetal pancreas and
pancreatic ductal adenocarcinoma. A study of somatostatin antibody
NCL-SOMATOp

D. Tamiolakis?, J. Venizelo$, M. Lambropoulou?, S. Nikolaidou!, G. Alexiadis’, P. Pavlidi$, T. Jivannakis,
M. Menegaki®, N. Papadopoulo$

Summary

* Purpose: Somatostatin is a gastrointestinal peptide hormone that inhibits growth of pancreatic cance
reported by an increasing body of evidence. Yet this is not always the case. To clarify the controvers
aimed to identify the expression of somatostatin in developing human embryonic pancreatic tissue
pancreatic adenocarcinoma given that somatostatin positive cells were shown either into primitive panct
ductal epithelium or into pancreatic carcinoma.

» Methods: Tissue sections representing pancreatic fetal specimens (n=15) and ductal pancre
adenocarcinoma specimens (n=15) were assessed using immunohistochemical methods for somatc
expression.

* Results: Normal primitive exocrine ductal epithelium and endocrine epithelium showed a definit
statistically significant, higher expression of somatostatin over neoplastic pancreatic tissue of mixed (du
endocrine) and pure ductal type (p1=0.021, p2=0.001, p3<0.0001, and p4=0.003 respectively) during the
the 10th week. No statistically significant differential expression of somatostatin in the mantle zone of
islets over neoplastic tissue of mixed (p5=0.16) and pure ductal type (p6=0.65), from the 13th to the 24th
was demonstrated.

» Conclusion: Pancreatic cancer cells can express somatostatin in a model that reproduces the nc
expression of the peptide Bycells during embryonal organogenesis. Therapy aimed at pancreatic cancer i
be targeted to somatostatin and analogues as potential adjuvant novel option.
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Resumen

» Propésito: La somatostatina es una hormona peptidica gastrointestinal que inhibe el crecimiento
cancer pancreético, como atestigua un numero creciente de informes. Sin embargo, no siempre es as
objeto de aclarar la controversia planeamos la identificacion de somatostatina durante el desarrollo del
pancreatico embrionario humano y en el adenocarcinoma pancreatico, considerando que las célule
contienen somatostaina existen tanto en el epitelio ductal pancreéatico primitivo como en el carcin
pancreético.

» Métodos: Muestras de tejido de pancreas fetal (n=15) y de adenocarcinoma pancreético ductal (n=1
valoraron analizando la expresion de somatostatina por métodos inmunohistoquimicos.

» Resultados:El epitelio ductal exocrino primitivo normal y el epitelio endocrino mostraron un aument
claramente significativo de la expresion de somatostatina cuando se compararon con la cantidad existe
los tejidos pancreatico mixto, ductal-endocrino y de tipo ductal puro (p1=0,021, p2=0,001, p3<0,00C
p4=0,003, respectivamente) durante la 5% a la 102 semanas. No se encontrd una diferencia estadistic
significativa de la expresion de somatostatina entre el tejido acinar que rodea a los islotes y los tejidos
(p5=0,16) y ductal puro (p6=0,65) entre la 132 y la 242 semanas.

» Conclusiones:Las células del cancer pancreatico pueden expresar somatostatina siguiendo un mc
que reproduce la expresién normal del péptido en las cébutkd pancreas durante la organogénesis
embrionaria. Una nueva opcién potencialmente adyuvante de la terapéutica del cancer pancreatico se
dirigir hacia la somatostatina y sus analogos.

Palabras clave:Tejido pancreético fetal. Carcinoma pancreatico.

Introduction duct-associated, non-vascularized buds that separat
to form the mantle type of vascularized islets cha-
The development of the endocrine pancreas isracterized by a central mass of insulin-producing
complex and interrelated with development of the cells surrounded by several layers of riboells.
exocrine portion of the organ. It is now clear that Between the twenty and twenty-two weeks of gesta-
both the exocrine and endocrine pancreas are of ention, nonf cells appear in peripheral and central
dodermal origif 2. parts of the islets, and the adult type of islets are for-
The evaginations of pancreatic endoderm (fifth med. Islet formation persists during intrauterine life
week of gestation) into the investing mesenchyme and can be seen at different phases of the neonat:
become tubular structures which branch progressi-period. Histologic sections of pancreas examined
vely. The primitive duct epithelium provides the during this period show both the fetal and the adult
stem cell population for all the secretory cells of the type of islets.
pancreas. It gives rise tocells which produce glu- Pancreatic carcinoma remains one of the least cu
cagon,B cells which produce insulin, andl cells rable malignant diseases. At present, pancreatic can
which produce somatostatin during weeks 8-10. cer is the fourth leading cause of death in Western
Cells containing pancreatic polypeptide (PP) appearcountries. It is presently the fifth most common cau-
somewhat later. All four different endocrine cell ty- se of cancer death in the United States, accounting
pes can be distinguished by immunocytochendistry  for over 25.000 cancer deaths annually. The only cu-
Initially these endocrine cells are located in the duct rative treatment of pancreatic tumor is a surgical re-
walls or in buds developing from them. Around the section. Unfortunately, a surgery for curative purpo-
thirteenth week of gestation, formation of the islets ses is possible only in 10% to 15% of cases, and the
of Langerhans commences with the appearance ofoverall five-year survival rate of pancreatic cancer is
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as low as 3.5% The dismal prognosis of this disea- Materials and methods

se may someday be improved by a better understan-

ding of its pathogenesis. Neoplasms of the pancreasTissue Sampling

arise from ductal, acinar, stromal, or islet cells. The

term carcinoma of the pancreas is customarily used The pancreatic tissues were obtained by pancrea
only in reference to exocrine tumors and rare mixed toduodenectomy (The Whipple procedure) for carci-
endocrine - exocrine carcinomas. Neoplasms inclu- noma of the pancreas. Samples from the pancreas c
ding carcinomas composed primarily of endocrine 15 consecutive surgical patients were included in the
cells, are collectively termed islet cell tumors. The study. Two tissue samples were taken from each pa
precursors of these tumors are presumably develop-ient: one from the tumor and one from the resection
mentally multipotent in terms of their capacity to margin. All tumors were verified as pancreatic ade-
differentiate into various cell types producing va- nocarcinomas with various degrees of differentia-
rious hormones and regulatory peptides. Whethertion. The tissues from the resection margins likewise
these cells originate from the ductular epithelium or were examined histologically and were found to be
the islet cells is a matter of debate free of tumor cells.

Somatostatin is a cyclic polypeptide hormone  Human embryonic (fetal) pancreatic tissue from
isolated from the hypothalamus and characterisedfifteen fetuses after involuntary abortion (8 to 10
by its ability to inhibit release of growth hormone gestational weeks: 8 samples, 13 to 24 weeks: 7
from the pituitary gland. It exists in two forms, so- samples), were investigated.
matostatin-14, composed of 14 amino acids and so- The local hospital ethics committee approved the
matostatin-28, a prohormone composed of 28 ami- use of human tissue, and written informed consent
no acids. In the digestive system, somatostatin haswas obtained from all patients.
been immunolocalised in intrisic nerves of the in-
testinal wall and in endocrine cells of the digestive Immunohistochemical procedure
mucosa and the pancreatic islets. The antrum, duo-
denum and pancreas contain almost exclusively so- Somatostatin immunoreactivity was evaluated
matostatin-14, whereas the gastric body and theusing the lyophilised Polyclonal antibody (NCL-
rest of the intestine contain 40 to 80 per cent soma-SOMATOp) on formalin-fixed, paraffin-embedded
tostatin-28. NCL-SOMATOp will labeb cells of samples. Continuous sections of the tissue were cu
the endocrine mammalian pancreas and also cellsinto 3qum thick slices and immunohistochemistry
of the hypothalamic parvicellular region. NCL-SO- was performed by the avidin-biotin complex (ABC)
MATOp may prove useful for the identification of method, using DAKO kits. Briefly, after the sections
islet cell tumors and hyperplasia of the pancreatic had been dewaxed and rehydrated, they were was
islets. hed in phosphate-buffered saline (PBS) and incuba-

Somatostatin and its analogues have been inclu-ted for 30 min in normal goat serum to inhibit nons-
ded in experimental treatment for advanced pancrea-pecific binding. The sections were then washed in
tic carcinoma patients, based on their antisecretoryPBS and incubated with antibody against somatosta:
and antiproliferative properties, although there have tin (NCL-SOMATOp) overnight at 4 °C. The pri-
been reported cases not responded to mono - themary antibody was used after dilution (1:150).
rapy. Somatostatin (NCL-SOMATOp) immunoreacti-

We investigated the immunohistochemical ex- vity was cytoplasmic, with only occasional and faint
pression of somatostatin in a series of embryonal nuclear immunostaining. For each sample positive
and neoplastic human pancreatic tissues. We tried tocells in the ducts, islets of Langerhans, aggregates o
trace the normal expression profile of somatostatin isolated cells in the pancreatic parenchyme, westre
in tissues with different proliferative and differentia- assessed by enumeration of labeled cells in each tis
ting compartments and to investigate whether soma-sue compartment for a minimum of five random
tostatin expression in pancreatic carcinoma recapitu-fields per section viewed at 40-fold magnification
lates the normal pattern of expression, or may occurthrough a grid. Cell number was calculated per 1
as a result of neoplastic deregulation. mm? of tissue section. The counted areas were selec
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TABLE |

Reactivity of somatostatin (NCL-SOMATOp) in human embryonal and neoplastic pancreatic tissue

Density of somatostatin positive

Pancreatic tissue Number of cases cells (average celbdginissue + SEM)

Embryonal (8-10 weeks) 8

Primitive exocrine duct walls 36.4+2.3
Primitive exocrine ductal buds 20.9+£0.9
Embryonal (13-24 weeks)

Mantle zone of the islets of Langerhans 7 278+21
Neoplastic tissue 10

Mixed ductal-endocrine carcinoma 6 321+1.7
Pure ductal carcinoma 4 266 +£1.3

ted from random fetal and neoplastic pancreatic tis- |
sue sections, taking into account that the ratio of the|,
exocrine pancreatic area (acinoracemose), according
to the endocrine pancreatic area (islets of Langer-
hans) was entirely representative. Statistical analysis

was undertaken using the t-test.

Results(Table 1)

Embryonal pancreatic tissue(8 to 10 week - old
human embryos). During this period of develop-
ment, endocrine celld(- cells) demonstrated a
strong positive immunoreactivity for somatostatin
(NCL-SOMATOp), initially in the primitive exocri-

. S

Figure 2. Somatostatin expression in the primitive exocrine duc-
tal buds. NCL-SOMATOp X400.

ne duct epithelium (density of somatostatin positive senchymal tissue (density of somatostatin positive

cells = mean of cells/mhof tissue + SEM = 36.4 +

cells = mean of cells/mtof tissue + SEM = 20.9 +

2.3) (Fig. 1) or forming small aggregates (buds) in 0.9) (Fig. 2). From the thirteenth to the twenty -
the surrounding the ductal structures, loose me- fourth week of gestation, period that coincides with

the formation of the islets of Langerhans, a strong
positive immunostaining for somatostatin (NCL-
SOMATOp) was observed to the endocrine cdlls (
cells) at the periphery (mantle zone) of the endocri-
ne pancreatic islets (density of somatostatin positive
cells = mean of cells/mtof tissue + SEM = 27.8 +
2.1) (Fig. 3).

Neoplastic pancreatic tissue Somatostatin was
demonstrated in ten out of fifteen pancreatic adeno-
carcinomas. The five somatostatin negative pancrea
tic adenocarcinomas were of mucinous type. Soma-
tostatin positive cells constituted the majority of ne-
oplastic cells in the ductlike structures or small

Figure 1. Somatostatin expression in the primitive exocrine duc- COrds of the tumor. Especially, in six cases diagno-

tal epithelium. NCL-SOMATOp X200.
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Figure 3. Somatostatin expression in the primitive endocrine

mantle zone of the islet. NCL-SOMATOp X200.

sue with recapitulation of the relevant expression of the anti-
gen in the primitive embryonal pancreatic anlage. NCL-SO-

MATOp X200.

of pure ductal type NCL-SOMATOp X200.

sity of somatostatin positive cells was 32.1 + 1.7
cells/mn# (Fig. 4); in the remaining four cases diag-
nosed as pure ductal adenocarcinoma the density c
somatostatin positive cells was 26.6 + 1.3 cellsfmm
(Fig. 5).

There was a statistically significant difference in
the expression of somatostatin in the ductlike struc-
tures between the primitive exocrine embryonal
pancreatic tissue from thé"& the 1@ gestational
week, and the neoplastic pancreatic tissue of mixec
type (p1=0.021) and pure ductal type (p2=0.001).

There was also a statistically significant differen-
ce in the expression of somatostatin in the buds su
rrounding the ductal structures between the primiti-
ve exocrine embryonal pancreas from the@10"
week, and the neoplastic pancreatic tissue of mixec
type (p3<0.0001) and pure ductal type (p4=0.003).

No statistically significant difference was obser-
ved in the expression of somatostatin in the mantle
zone between the endocrine embryonal pancreatic
tissue from the 18to the 24 week, and the neo-
plastic tissue of mixed type (p5=0.16) and pure duc-
tal type (p6=0.65).

Discussion

The prognosis of patients with exocrine pancrea-
tic cancers remains very poor. Only 36.1% of pa-
tients is surgically treated, however, with a 5-year
postoperative survival rate of less than 20¥here-
fore, new therapeutic approaches for the treatmen
of exocrine pancreatic cancers must be developed
In the past two decades, the employment of certain
gastrointestinal hormones, growth factors, and ste-
roids has been reported in new approaches to contrc
exocrine pancreatic cancers

Somatostatin is a tetradecapeptide that is widely
distributed in the body and inhibits hormonal secre-
tion, cell proliferation, and other cellular proced%es
These inhibitory effects of somatostatin are mediated
by cell-surface somatostatin receptors (sstr), which
consist of five subtypes, and form the sstr fathify
All five sstr subtypes (sstr-1 to -5) differ in their tis-
sue distributioff, pharmacological propertigs or
affinity to somatostatin analofjs'¢ Many kinds of

SS-14/SS-28, but these analogs lose potency for ssti
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1. Str-1 and -4 show strikingly low affinities for the References

octapeptide analogs, SMS 201-995 (octreotide), RC-
160 (vapreotide) and BIM 23014 (lanreotide), which

are already in clinical use as long-acting somatosta-
tin analogs for the diagnosis and treatment of a va-
riety of neuroendocrine tumors and gastrointestinal
disorders. The antiproliferative effects of somatosta-
tin and its analogs suggest their therapeutic potential
for cancer treatmeHt and these effects are sugges-

ted to be mainly mediated by sstr-1, -2, antf.-5 4.

Sstr-2 mediates the antiproliferative effects of the
long-acting somatostatin analogs, SMS201-995 and

RC-160, in vivo through the stimulation of tyrosine S.

phosphatase activity Paz-Bouza et #lreported

that RC-160 decreased the volume of experimentally
induced tumors, and their colleagues also found re- g
gressive chances and necrosis of the tumor by histo-
pathological methods Although the potential use-
fulness of somatostatin analogs for the treatment of
pancreatic cancers has been discussed previgusly
the expression of sstr subtypes in human pancreatic

cancer tissues has not been fully studied. 7

The presence of sstr-2 not only in normal surroun-
ding pancreatic tissues but also in pancreatic cancer 8.
tissues in the study of Kikutsuji et?lis contradic-
tory to observations reported by two grotfp%.
Buscall et af* reported 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 trans-
planted pancreatic and advanced colorectal carcino-
ma tissues. This discrepancy may be explained by
differences in the culture environments, i.e., the mo-

nolayer culture in our study and the subcutaneous1?!:

implant of tumor tissues in nude mice in their study.
The expression pattern of the sstr subtype may be af-
fected by the cellular environment, e.g., that of the
monolayer culture or in xenografts

The purpose of our article pointed towards the so-
matostatin expression in embryonic and neoplastic
pancreata. In the fetus, somatostatin was expressed
in selected developmental phases suggesting a diffe-
rentiation - related role. Our data reveal the dynamic

behavior of the glandular epithelium in the neoplas- 14

tic pancreas as well, thus indicating that the human
epithelial cells in the branching ducts of the neoplas-

tic pancreas may serve as stem cells, which if appro-15.

priately induced may differentiate into endocrine
cells such as thé-cells expressing somatostatin.
This finding could be of therapeutic relevance.
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