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ABSTRACT

Pancreatic cancer is the fourth leading cause of cancer death overall’. The factors that favor the development of pan-
creatic cancer can be divided into hereditary and acquired. Cancerogenesis is best explained by a »multi-hit« hypothesis,
charcterized with the developmental sequence of cellular mutatitions, forcing mutant cell to inappropriate proliferation
and preventing its repair and programmed cell death (apoptosis). The most common mutations involve K-ras gene, epi-
dermal growth factor (EGF-R) and HERZ2 gene. Continuous stimulation and secretion of vascular endothelial growth
factor (VEGF) enhances the permeability of blood vessels provides nutrient supply to tumor site through newly formed
vascular channels. This phenomena is known as vasculogenic mimicry. Loss of function of tumor-suppressor genes has
been documented in pancreatic cancer, especially in CDKNZ2a, p53, DPC4 and BRCAZ2 genes. SDKN2A gene inactivation
occurs in 95% of pancreatic adenocarcinoma. As regards acquired factors, smoking is only confirmed risk factor that in-
creases the risk of pancreatic cancer. Diabetes, alcohol consumption, central obesity in men, infection with Helicobacter
pylori and chronic pancreatitis are suspected, but not proven risk factors. Consumption of fruits and vegetables does not
protect, while the consumption of meat processed at high temperatures increases the risk of pancreatic cancer. According
to some studies, lykopene and folate levels are reduced in pancreatic carcinoma patients, reduced folate intake increases
the risk of pancreatic carcinoma (48%), and this risk can be diminished by introducing folate-rich foods to diet, not by us-
ing pharmaceutical products. Occupational exposure to chlorinated hydrocarbons, vinyl chloride, nickel, chromium, in-
secticides and acrylic amide minimally increases the risk for pancreatic cancer. Exposure to cadmium (metal industry)
associated with smoking result in the accumulation of cadmium in pancreatic tissue and the possible impact on carci-
nogenesis.
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Introduction

It is estimated that 200-220 000 people worldwide die
from pancreatic cancer every year. Moreover, according
to autopsy data, about 30% of all cancers of unknown pri-
mary site are in fact carcinoma of the pancreas; therefore,
these 50-80 000 cases should also be taken into consider-
ation and added to. Pancreatic carcinoma, accounting for
3% of all malignant tumors, is responsible for 5% of all
cancer deaths; pancreatic cancer is the fourth leading
cause of cancer death overall'.

Data from the National Cancer Institute (NCI) show
that in the United States, 38 000 people are diagnosed
with pancreatic cancer and about 34 300 (90%) people die
from the disease each year. The incidence rate is 13 cases
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per 100 000 men and women per year, showing an annual
steady pattern in the population in the last 10 years!.
The largest number of cases occur between 70 and 75
years of age, with a linear increase starting at age 45 and
only 2% of patients under age 40. Data for Croatia and
Europe are similar to those listed above. Compared to
Europe, North America and Japan, the incidence rate of
pancreatic carcinoma reported for African and Asian
countries is significantly lower (1-6/100 000). Further-
more, African Americans have a significantly higher inci-
dence rate than Caucasian Americans (11.4 f and 16.6 m
vs 7.4 fand 11.4 m)2. Migration studies have shown that
the risk of developing pancreatic cancer in migrants cor-
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responds to the incidence rate in their new place of resi-
dence in two successive generations. This shows that en-
vironmental factors play a role in the development of
pancreatic cancer?. Only 7% of pancreatic cancer cases
are detected at the stage when the tumor is confined to
the pancreas. The five-year survival for this stage is 20%.
In the majority of patients, however, the tumor is de-
tected only as metastatic disease (52%), with the five-
-year survival rate of 1.8%3. The five-year overall sur-
vival rate is less than 5%, with less than one-quarter of
patients (24%) surviving their first year after diagnosis?.
Advances in medicine and the improvement of diagnostic
techniques have not had a significant impact on reducing
morbidity and mortality from this disease in the last 10
years. This fact becomes even clearer in the context of
knowing that pancreatic carcinoma is a tumor in which
the vasculogenic mimicry phenomenon occurs at the ear-
liest stage of malignant cell proliferation®.

Neuroendocrine carcinomas, mucinous cystadenocar-
cinomas or intraductal papillary-mucinous carcinomas
have a better prognosis as regards five-year survival.

Etiology and Oncogenesis

Despite intensive research, the etiology of pancreatic
cancer remains largely unknown. However, oncology stu-
dies have provided important information on risk factors
for developing the disease. The factors that favor the de-
velopment of pancreatic cancer can be divided into he-
reditary and acquired®.

The hypothesis that for the time being, best explains
the process of pancreatic carcinogenesis is a »multi hit«
hypothesis of multiple »hits«, i.e. the chronological se-
quence of development and a series of multiple mutation
events within a single cell, which encourage the cell to di-
vide inappropriately and prevent both its repair and pro-
grammed cell-death (apoptosis)®’. The sequence begins
with the mutation of genes whose products are within
the system of receptors in which signal transduction in
the cell is of the utmost importance for cell-cycle regula-
tion, proliferation and differentiaton. The mutation of
these genes creates oncogenes whose products are al-
tered molecules which also alter receptor activities, usu-
ally by affecting the increased or continuous activity of
such receptors. Oncogenes can be inherited or produced
by a de novo mutation. Some external factors such as a
diet rich in saturated fats, smoking or a permanent state
of inflammation of the pancreas can lead to increased
synthesis of oxygen radicals and affect gene mutations.

Oncogene mutation is the first »hit« in a series of mu-
tations occurring in a cell. Such cell still retains mecha-
nisms capable of suppressing the oncogene effects or, on
the other hand, maintaining the capacity to repair DNA
damage, and inducing mechanisms of apoptosis — pro-
grammed cell death in case of cell damage. Protein prod-
ucts regulating the above processes are encoded by a
group of genes called tumor-suppressor genes. The sec-
ond »hit« represents a mutation of these very genes. The
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mutated gene can be inherited or there is a possibility
that mutations are acquired and arisen de novo.

Mutations of the K-ras gene occur in over 90% of pan-
creatic adenocarcinoma, and result in mutation of signal-
ing G-protein. The mutated product ensures the continu-
ous transmission of signals in the cell. On the other
hand, enhanced autocrine signaling through the epider-
mal growth factor (EGF-R) and HER2 receptor plays a
proven role in carcinogenesis. The induction of these
proto-oncogenes and their products result in tumor
growth, and angiogenesis. Continuous activation of Stat3
induces the transcription of anti-apoptotic regulatory
protein Bel and the expression of VEGF-r. The increased
expression of growth factors (vascular endothelial growth
factor — VEGE, fibroblast growth factors — FGFs, EGF),
via an autocrine and/or paracrine mechanisms, stimu-
lates growth of pancreatic cancer cells, which are then no
longer dependent on growth stimulation from surround-
ing tissues®. Mutations in Smad4 and the overexpression
of Smad6 and 7 lead to pancreatic cancer cell resistance
to inhibitory effects exerted on growth by the transform-
ing growth factor-p (TGF-B) family®.

Pancreatic cancer cells have successfully developed a
series of mechanisms that allow the invasion of sur-
rounding tissues and the development of distant metasta-
ses. This is especially assisted by the hepatocyte growth
factor (HGF), nerve growth factor (NGF) and TGF-B, as
shown in Table 1.

While oxygen saturation (pOy) levels in various tissue
range between 24-6 mmHg, oxygenation levels in tumor
tissues are much lower (10-30 mmHg), and pancreatic
cancer tissue shows a saturation level of only 3 mm Hg.
Although there are no clinical studies confirming the re-
lationship between extreme hypoxia and the absence of
response to chemotherapy and radiation therapy, it is as-
sumed that conditions of extreme hypoxia have adversely
affect treatment results?. Moreover, hypoxia is the stron-
gest stimulator of the secretion of VEGF and without
VEGF there would be no tumor vascularization and pro-
gression of the disease. VEGF activates mitogen signal-
ing pathways, induces vascular permeability and im-
proves permeability of blood vessels around the tumor
mass. Thus, nutrients can reach tumor cells via vascular
channels formed by these tumor cells, a phenomenon
known as vasculogenic mimicry®.

The loss of function of some tumor-suppressor genes
has been documented in pancreatic carcinoma, especially
of CDKN2a, p53, DPC4 and BRCA2. Inactivation of the
SDKN2A gene occurs in 95% of pancreatic adenocarcino-
mas. This mutation determines refractoriness of the tu-
mor to irradiation. In 50-60% of adenocarcinoma cases
the p53 mutation occurs, usually during transition from
a lower to higher stage malignancy. Damage in the p53
gene is associated with cell cycle disorder, transcription,
DNA repairs and apoptosis. Inactivation of the DPC4
gene occurs in 55% of pancreatic carcinoma, and leads to
the inability to maintain adequate regulation of TGF-p
expression and subsequent inability to inhibit cell growth.
Mutations of the BRCA2 gene are also known to occur in
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10% of pancreatic cancer as well as STK11 gene muta-
tions characteristic for Peutz-Jeghers syndrome. Muta-
tions of genes whose products are involved in DNA base
repair, such as MLH1 and MSH2, have been shown in
less than 5% of pancreatic cancer cases.

Almost 11% of families with brcal-brc2 mutation
have at least one relative suffering from cancer of the
pancreas'®. Five to 10% of patients have a genetic predis-
position to develop the disease. In such patients, the dis-
ease develops at an earlier age, than in with sporadic can-
cer. There are hereditary syndromes that are associated
with an increased risk of developing pancreatic carci-
noma. This includes families with frequent incidence of
pancreatic cancer, families with increased incidence of all
cancers, hereditary syndromes associated with an in-
creased risk of pancreatic cancer and genetic predisposi-
tion for other diseases that at the same time increase the
risk to develop pancreatic cancer. Hereditary syndromes,
gene mutations, and the risk of developing pancreatic
cancer are shown in Table 1.

Comparing the results obtained in cytogenetic studies
with pathohistological findings it has been shown that
60-70% of patients have an abnormal karyotype; 40% of
them have one numerical or structural abnormality, and
60% have complex multi-chromosomal changes!®. Pa-
tients with complex changes more often have poorly dif-
ferentiated cancers with poorer prognosis. Karyotype is
an independent prognostic factor. Although the pattern
of autosomal dominant inheritance (pancreatic cancer-
-specific PNCA1-locus on chromosome 4q32-34), the spe-
cific gene remains unidentified?.

Hereditary pancreatitis is an autosomal dominant
disease with high penetration and variable expression,
and the development of chronic pancreatitis in the first
or second decade of life. These patients have a 50 time

greater risk of developing pancreatic cancer in their fifth
decade of life, and among them smokers are especially at
risk. The risk is also increased in patients with cystic
fibrosis!!.

As regards acquired factors, it has been proven that
smoking increases the risk of pancreatic cancer by 1.5 to
5 times'?. The risk is reduced by smoking cessation, and
becomes level with the risk in non-smokers after 10-15
years of smoking abstinence. Tobacco is a component
that affects late stages of carcinogenesis. About 60-odd
carcinogenes have been found in cigarettes; nicotine-de-
rived nitrosamine ketons bind to DNA and induce muta-
tions in the K-ras gene. While both nicotine chewing and
nicotine inhaling is equally carcinogenic as cigarette
smoke, there are no conclusive studies showing the nox-
ious effects of both cigar and pipe smoking!.

Patients suffering from diabetes for more than 5
years have a 2 time higher risk of pancreatic cancer com-
pared to a nondiabetic population, as concluded in a large
meta-analysis derived from 20 studies!4. The question
that arises out of other studies is whether diabetes is the
cause or the consequence of pancreatic cancer, particu-
larly in elderly, nonobese patients without family history
of diabetes. People suffering from atopic allergies and pa-
tients receiving metformin for their diabetes are at a
lower risk of developing pancreatic cancer.

A large number of studies have shown that central
obesity is related with the increased incidence of pancre-
atic cancer in men, whereas there is no such evidence for
women. Central adiposity is associated with increased in-
sulin secretion and insulin resistance as well as increase
in intra-abdominal fat!.

While viruses do not play a significant role in the eti-
ology of pancreatic caner, infection with Helicobacter
pylori increases the risk of developing pancreatic cancer

TABLE 1
SYNDROMES ASSOCIATED WITH AN INCREASED RISK OF PANCREATIC ADENOCARCINOMA

Syndrome Gene(s) Relative Risk ~ Total Risk Chromosome
Exocrine Carcinoma

Negative family history - 1 0.5% -
Hereditary breast/ovarian cancer BRCA2 3.5-10x 5% 13q
Dysplastic nevus syndrome (FAMM) CDKN2A 20-34X 17% 9p
>2 familial pancreatic cancer among first-degree relatives - 32x 16% -
Hereditary chronic pancreatitis PRSS1, SPINK1 50-80x 40% 79,59
Peutz-Jeghers syndrome STK 11 75-130x 36% 19p
Familial adenomatous polyposis APC Unknown Unknown 5q
Hereditary nonpolyposis colorectal cancer syndrome (Lynch II) ?eﬁgrngfiag}éF% Unknown <5% 2p, 3p, Tp
Ataxia telangiectasia ATM Unknown Unknown 11q
Li-Fraumeni syndrome p53 Unknown Unknown 17p
Endocrine Carcinoma

MEN-1 MEN 1(MENIN) Unknown 50% 11
Von Hippel-Lindau VHL Unknown 17% 3p
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by 2 times; Helicobacter pylori stimulates gastrin and re-
duces somatostanin secretion which results in stimula-
tion of pancreatic cancer cell growth and promotes carci-
nogenesis. In addition, there is also increased acidity,
increased DNA synthesis, increased formation of N-ni-
troso components and chronic inflammation, which is
also an introduction to carcinogenesis'®.

A meta-analysis combining the results of 17 studies
has not confirmed that alcohol consumption increases
the risk of pancreatic cancer, unless chronic pancreatitis
has developed due to alcohol abuse!”. Acquired long-term
chronic pancreatitis increases the risk of developing pan-
creatic cancer by 26 times, or 4% of patients suffering
from chronic pancreatitis for 20 years will develop cancer
of the pancreas’s.

Although some studies have revealed the risk of de-
veloping pancreatic cancer to be lower in people consum-
ing plenty of fruits and vegetables, it will be reasonable
to reconsider their interpretation; people who consume
fruits and vegetables regularly smoke less. Therefore,
there is no surprise in conclusions reached in a study
that »head to head« opposed the so-called »prudent diet«
vs. »western diet« and proved the same risk of pancreatic
cancer in both groups. Consumption of meat processed at
high temperature (heterocyclic amines and N-nitroso
components) seems to increase the risk of developing
pancreatic cancer!'’. As proven in vitro, the green tea an-
tioxidants have a beneficial effect on reducing the risk of
pancreatic cancer, although no such evidence has been
provided in vivo. Also, there is no evidence whatsoever
that coffee consumption may raise the cancer risk!®.
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Occupational exposure to chlorinated hydrocarbons,
vinyl chloride, nickel, chromium, insecticides and acryl-
amide minimally increases the risk of developing pancre-
atic cancer. Exposure to cadmium (metal industry) combi-
ned with smoking result in the accumulation of cadmium
in pancreatic tissue and potential impact on carcinoge-
nesis?2,
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ETIOLOGIJA I ONKOGENEZA KARCINOMA GUSTERACE

SAZETAK

Karcinom gusterace je éetvrti vodeéi uzrok uzrok smrti od karcinomal. Cimbenici koji pogoduju pojavi karcinoma
gusterace dijele se na nasljedne i ste¢ene. Hipoteza koja za sada najbolje objasnjava proces kancerogeneze u stanicama
pankreasa je »multi hit« hipoteza viSestrukog »udarca«, tj. kronoloskog slijeda razvoja i zadrzavanja viSestrukih muta-
cija unutar jedne stanice, a koji ju tjeraju u nesvrsishodnu diobu i onemoguéavaju njenu reparaciju i programiranu smrt
(apoptozu). Slijed zapo¢inje mutacijom gena i nastankom onkogena ¢iji produkti mijenjaju stanje aktivnosti receptora.
Produkti — proteini koji reguliraju navedene procese kodirani su u skupini gena koje nazivamo tumor-supresorskim
genima. Drugi »udarac« predstavlja mutaciju tumor supresorskih gena, koji imaju funkciju prigusenja uc¢inaka onko-
gena popravak osteéene DNA ili inicijaciju apoptoze — programirane smrti stanice. NajéeSée mutacije zahavaéaju K-ras
gen, epidermalni ¢imbenik rasta (EGF-R) i HER2 gen. Vaznu ulogu igra i trajna stimulacija sekrecije VEGF-a, hipo-
ksijom u tumorskom tkivu, bez kojega nema vaskularizacije tumora i progresije bolesti. VEGF poboljsava propusnost
krvnih Zila u okolini tumorske mase. Nutritijenti potom mogu doé¢i do tumorskih stanica kroz vaskularne kanale koje
formiraju same stanice, koji fenomen se naziva vaskulogena mimikrija. Gubitak funkcije tumor-supresorskih gena do-
kumentirana je u karcinomu gusterace, posebice CDKN2a, p53, DPC4 i BRCA2. Inaktivacija SDKN2A gena javlja se u
95% adenokarcinoma gusterace. Od stec¢enih ¢imbenika pusSenje je jedini dokazani ¢imbenik koji poveéava rizik od
karcinoma giSterace. Secerna bolest, konzumacija alkohola, centralni tip debljine u muskaraca, infekeija s Helicobac-
terom pylori, kroni¢ni pankreatitis se spominju kao moguéi ¢imbenici, ali nisu potvrdeni kao sigurni ¢imbenici rizika za
karcinom gusterace. Konzumacija voéa i povréa ne §titi, dok konzumacija mesa obradenog na visokim temperaturama
povecéava rizik od nastanka karcinoma gustrace. Za sada nema konkluzivnih dokaza o u¢inku antioksidansa (alfa-toko-
ferol, askorbinska kiselina, cink, selenijum) na karcinom pankreasa iako smanjen unos folata podiZe rizik za nastanak
karcinoma gusterace, a rizik se moze smanjiti dodatkom folata iz hrane. Profesionalna izlozenost klorinat hidrokar-
bonu, vinil kloridu, niklu, kromijumu, insekticidima i akril amidu minimalno povisuje rizik za karcinom gusterace.
IzloZzenost kadmiju (metalna industrija) udruZeno s pusenjem dovodi do akumulacije kadmija u pankreatiénom tkivu i
moguceg utjecaja na karcinogenezu.
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