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INTRODUCTION TO THE PhD THESIS

Cancer is a major public health problem worldwide being the second leading
cause of death in Western Countries.

In the last decades, the identification of predisposing cancerogenic factors,
both genetic and environmental, has significantly changed the incidence of
several cancers.

Important examples are lung and colon cancer. In fact, as it is well reported
in literature, lung cancer is strictly related to tobacco habit. The incidence of
lung tumors from 1975 to 2013 showed a slight decrease in males while
showed an increased incidence in females. This trend is the direct
consequence of the decreasing and increasing of the amount of smokers in
males and females respectively. At the same time, the knowledge of certain
forms of precancerosis has enabled the development and the implementation
of large-scale screening programs that have led to a decrease in incidence of
several cancers. Examples are represented by the introduction of endoscopic
screening programs for colon cancer in both sex and by the institution of Pap
test for cervical cancer in women. Moreover, in the last decades important
successes have been achieved in terms of mortality outcome for several
tumors. Such improvements are due to the progress of both chemotherapy
treatment and surgical technique.

Unfortunately, this promising and cheering trend has not been achieved for
all tumors.

For example, in the last 25 years there has been a gradual increase in the
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incidence of liver and pancreatic cancers. Currently, liver and pancreatic
cancers are on the list of the 10 leading cancers with an incidence around

29.200 and 25.700 new cases respectively. (Fig. 1)

Estimated New Cases

Males Females

Prostate 161,360 19% Breast 252,710 30%

Lung & bronchus 116,990 14% Lung & bronchus 105,510 12%

Colon & rectum 71420 9% Colon & rectum 64,010 8%

Urinary bladder 60,490 % Uterine corpus 61,380 7%
Melanoma of the skin 52,170 6% Thyroid 42,470 5%
Kidney & renal pelvis 40,610 5% Melanoma of the skin 34,940 4%
Non-Hodgkin lymphoma 40,080 5% Non-Hodgkin lymphoma 32,160 4%
Leukemia 36,290 4% Leukemia 25,840 3%

Oral cavity & pharynx 35,720 4% Pancreas 25,700 3%
Liver & intrahepatic bile duct 29,200 3% Kidney & renal pelvis 23,380 3%
All Sites 836,150  100% All Sites 852,630 100%

Estimated Deaths

Males Females

Lung & bronchus 84,590 21% Lung & bronchus 71,280 25%

Colon & rectum 27,150 9% Breast 40,610 14%

Prostate 26,730 8% Colon & rectum 23,10 8%

Pancreas 22,300 % Pancreas 20,790 %

Liver & intrahepatic bile duct 19,610 6% Ovary 14,080 5%
Leukemia 14,300 4% Uterine corpus 10,920 4%

Esophagus 12,720 4% Leukemia 10,200 4%

Urinary bladder 12,240 4% Liver & intrahepatic bile duct 9,310 3%
Non-Hodgkin lymphoma 11,450 4% Non-Hedgkin lymphoma 8,690 3%
Brain & other nervous system 9,620 3% Brain & other nervous system 7,080 3%
All Sites 318,420 100% All Sites 282,500 100%

Figure 1. Ten Leading Cancer Types for the Estimated New Cancer Cases and Deaths by Sex, United States, 2017.

Moreover the incidence rates continue to increase very fast for liver cancer,
by around 3% per year in females and 4% per year in males, although rates
have begun to decline in adults aged younger than 50 years. (1)

Also from a survival point of view, in contrast to the constant increase in
survival for most cancers, advances have been very poor for pancreatic

cancer, for which the 5-year survival is currently 8%, (Fig. 2).
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Figure 2. Five-Year Relative Survival Rates by Stage at Diagnosis and Race, United States, 2006 to 2012. The

standard error of the survival rate is between 5 and 10 percentage points.

These low rates are in part because more than one-half of cases are detected

at advanced stages (Fig. 3).
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Figure 3. Stage Distribution by Race, United States, 2006 to 2012.

Stage categories do not sum to 100% because sufficient information is not available to stage all cases

Pancreatic cancer death rates continued to increase (by 0.3% per year) in
males but have settled down in females and the 5-year survival is 4% and 3%,
respectively. Similar data are reported also for liver cancer.

Therefore, both liver and pancreatic cancers are diseases for which risk
factors and pathogenesis still remain not fully understood being areas of
oncology warranting further investigation into their epidemiology. In

addition, also the available therapeutic strategies are not enough to improve
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survival rate in patients affected by liver and pancreatic cancers.

From an epidemiological point of view in the last years, metabolic syndrome
has started to be considered one of the risk factors for the developing of both
liver and pancreatic tumors.

Along this thesis, the role of metabolic syndrome in liver and pancreas
tumors will be discussed.

This thesis is divided in four different sections.

The first section is the description the current knowledge regarding liver and
pancreatic cancers their relation with the metabolic syndrome.

The second section describes the experimental activity carried out at Careggi
University in Florence, Italy, under the supervision of Professor A. Arcangeli.
During this experience, a highest rate of growth in HCC in diabetic rats was
showed by fluorescence technique.

The third section describes a novel technique and type of central vein
catheter. The advantages of this system are described in a paper currently
under review. Some extracts of this paper are reported in this section.

In the fourth section, research data regarding the use of the laparoscopic
approach in pancreatic cancer are reported. Laparoscopy as a less invasive
technique has shown some advantages especially in patients with metabolic
syndrome. These data were published in collaboration with the Mayo Clinic

of Jacksonville (FL, United States) under the supervision of Prof. H.J. Asbun.
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SECTION 1

Introduction to Section 1

Over the past 20 years, there has been a dramatic increase in the prevalence
of obesity in most Western and some developing countries. In fact, the
proportion of obese adults is now 34.9% in the US population and 14.5% in
the French population. Several genes have been identified to be associated
with the development of obesity in various animal models; in addition
abnormal neural pathways have been proposed that may impact the
regulation of energy balance, as well as innate and acquired immune
activation in adipose tissue. These mechanisms do not account for the
entirety of the obesity epidemic and clearly lifestyle choices including
increased caloric intake, especially in fat, and low physical activity contribute
to the increase in obesity. In addition, obesity has been noted to have adverse
health implications such as a reduction in sleep duration, disruption of
circadian rhythm, and an increased risk of diabetes. Obesity associated type 2
diabetes mellitus not only increases the risk of cardiovascular complications,
but also the risk of cancer and cancer-related mortality, especially
hepatobiliary cancers.

The so-called metabolic syndrome involves a subgroup of obese patients.
This condition is associated with a high risk of non-alcoholic fatty liver
disease (NAFLD) and non-alcoholic fatty pancreas disease (NAFPD). Both this

conditions can lead to HCC and pancreatic adenocarcinoma respectively.
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OBESITY AND METABOLIC SYNDROME

The prevalence of obesity is increasing worldwide resulting in a major health
problem. In fact obesity can cause an increased risk for several diseases such
as cardiovascular diseases, diabetes, and cancers especially hepatobiliary
cancer. (2)
According to Keaver et al. overweight and obesity are supposed to reach
levels of 89% and 85% in men and women, respectively by 2030. As a
consequence there will be also an increase in the obesity-related prevalence
of coronary heart disease by 97%, cancers by 61% and type 2 diabetes by
21%. Obesity is usually classified by Body Max Index (BMI). It is calculated as
body weight in kilograms divided by the height in meters squared (kg/m?2).
However, BMI does not give an estimation about the proportion of body
weight which consists of fat or the distribution of fat; these factors of the
body composition are those that mostly affects the health risks in obese
patients.
According to BMI; individuals are allocated to five different categories as:

- -18.5-24.9 kg/m?: normal range,

- 25.0-29.9 kg/m? : overweight,

- 30.0-34.9 kg/m?2: class 1-obesity,

- 35.0-39.9 kg/m2: class 2-obesity,

- equal or greater 40 kg/m? : class 3-obesity.
Obesity is associated with significant decrease in life expectancy
approximately by 3.3-18.7 years and also large increase in healthcare costs.

(3) Grade obesity 2 and 3 are considered morbid obesity. (4)
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Above BMI 25, every 5 kg/m?2 higher BMI is associated with around 30%
higher overall mortality, which is mainly due to raised risk of cardiovascular
death as 40%. While BMI at 30-35 kg/m?, median survival is reduced by 2-4
years; at 40-45 kg/m?, it is reduced by 8-10 years. (5) On the opposite side
there is an interesting condition called the obesity paradox. (6) According to
this condition, although the incidence of cardiovascular diseases,
hypertension, dyslipidemia, type 2 diabetes mellitus and mortality are
directly proportional with the BMI, obese individuals may have better
outcomes compared to lean persons. However is important to emphasize that
while the risk of cancer mortality decreases depending on the obesity status,
it increases depending on the metabolic health status. Therefore mortality
rate from cancer rises with the progress of metabolic dysfunction. (7) From
an oncological point of view, epidemiological studies have proved that
obesity is also linked with increased risk of several tumor types. Newly the
protein kinase B/ phosphatidylinositol 3-kinase/mammalian target of
rapamycin (Akt/PI3K/mTOR) cascade is an important pathway involved in
the process of cancerogenesis in obese patient with cancer. Another
mechanism involved is mediated by leptin protein, positively related with
adipose stores, it induces cancer progression by activation of PI3K/Akt,
mitogen-activated protein kinases (MAPK), mTOR and signal transducer and
activator of transcription 3 (STAT3) pathways as a potential mediator of

obesity-associated tumor (8).

Metabolic Syndrome is a condition that occurs between 20% and 45% in
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Western Countries and its incidence is expected to increase to approximately
53% at 2035.
According to the American Heart Association/ National Heart, Lung, and
Blood Institute (AHA/ NHLBI) criteria (9), to reach a diagnosis of metabolic
syndrome three or more of the following risk factors should be present:
- abdominal obesity (Waist Circumference>102 cm in men, and >88 cm
in women),
- hypertension = 130/ 85 mmHg or specific medication,
- level of triglycerides =2 150 mg/dL (1.7 mmol/L) or specific
medication,
- low HDL cholesterol: in men <40 mg/dL (1.03 mmol/L), and in
women<50 mg/dL (1.29 mmol/L) or specific medication,and
- fasting plasma glucose = 100 mg/dL(5.6 mmol/L) or history of

diabetes mellitus or taking antidiabetic medications.

Abdominal obesity is the most frequently observed element of metabolic
syndrome and

Waist Circumference and BMI are the most accurate representative
indicators of visceral adiposity in young adults, and are good markers of
Insulin Resistance (IR) and powerful predictors of the presence of hepatic
steatosis.

According to the 2005 International Diabetes Federation criteria of metabolic
syndrome, subsequently revised in 2009, abdominal obesity is identified as

the Waist Circumference >94 cm in men, and >80 cm in women.
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Abdominal adiposity and IR appear to have a key role in metabolic syndrome.
In fact in a context of IR, non-esterified free fatty acids mobilization is
accelerated from stored adipose tissue triglycerides. Consequently raised
levels of glucose, triglyceride and very low-density lipoprotein are present.
(10)

Data from several epidemiological studies showed that there is an
association between obesity and metabolic syndrome with cancer risk.
Therefore in countries where obesity prevalence has increased rapidly, such
as the Western Countries, a significant proportion (~20%) of all new cancers
may be related to obesity. (11) Specific examples of common cancers include
breast, endometrial, colon, and prostate cancers. In a recent meta-analysis
written by Esposito et al (12) a strong correlation is observed between
metabolic syndrome and liver cancer in men and pancreatic cancer in women.
Figure 4 shows the results of meta-analyses of RR (for presence of metabolic

syndrome) in men and in women, respectively. (12)
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Figure 4. Meta-analyses of RR (for presence of metabolic syndrome) in men and in women.

In one study of over 33,000 men, the presence of metabolic syndrome was
associated with

a 56% increased risk of cancer mortality over the following 14 years of
follow-up. (13) While the Nurses’ Health Study suggested that central
adiposity determined by waist circumference and waist to hip ratio was

associated with an increased risk of postmenopausal breast cancer, more

10
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recent studies have claimed that premenopausal obesity is also a risk factor
for breast cancer risk. (14)

Moreover from other epidemiological studies it is shown that mortality is
increased in obese patients with cancer. The Million Women Study in the UK
and the Cancer Prevention Study II in the USA similarly reported raised
cancer mortality in obese individuals. (15)

A number of bariatric surgery studies supported the evidence for the
association of obesity and cancer risk and mortality. In the Swedish Obesity
Subjects (SOS) study, following more than 30% of weight loss, a decrease of
cancer in women of about 41% was registered. (16) A similar effect was seen
in the Utah obesity study. Moreover the Women'’s Intervention Nutrition
Study (WINS) reported a 24% of decreasing in breast cancer after only a 4%
reduction in weight over 5 years. (17, 18)

The real mechanisms involved in this effect are still undefined, but most
likely reflect a correction of factors that are different in patients with obesity
and metabolic syndrome.

In visceral obesity both adipocytes and filtrating immune cells produce
inflammatory cytokines and create a state of chronic systemic low-grade
inflammation that act as a pro-tumorogenic environment. (19)

The unbalance between pro inflammatory and anti-inflammatory cytokines
operated by central obesity may contribute to IR, a key component of
metabolic syndrome. The IGF-1 axis has also been linked to the progression
of breast, liver, pancreatic and esophageal cancer. (20) IGF levels are

influenced by circulating insulin levels in fact raised level of insulin are able

11
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to decrease IGF-binding proteins 1 and 2 levels, thus increasing the
bioavailability of IGF. (12)

Insuline Resistance and diabetes are important components of metabolic
syndrome and therefore some cancerogenic pathways driven by

hyperglicemia could occur in patients with metabolic syndrome.

In the contest of patients with HCC and diabetes, Ali Kamkar et al reported
that the IR and the resulting inflammation environment, which are associated
with the development of NASH, mediates carcinogenesis. (21) In particular
the liver inflammation in a contest of diabetes, leads to the exposure of
hepatocytes to increased levels of IL-6 and TNF-a, which promote the
activation of JAK/STAT-3 and IKKa/NK-kf signaling pathways, followed by
lack of apoptosis, and consequently uncontrolled hepatocytes proliferation;

this let the carcinogenesis begin (Figures 5 e 6).

12
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Figure 5. Oncogenic impact of IL-6/STAT-3 and TNF-a/NF-Kf signaling pathways on the development and
progression of HCC.
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Figure 6. Overview of the possible intermediary mechanism associated with onset and progression of

hepatocellular carcinoma confounded by diabetes mellitus.
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HEPATOCELLULAR CARCINOMA

HCC is the most common primary liver cancer. The incidence of HCC is
increasing and it has nearly tripled in Western Countries since the 1980s and
is supposed to surpass colon and breast cancer by 2030.

Surgical resection and liver transplantation are the only curative therapies
although not always feasible, as in most cases the diagnosis is late with a
large tumor that involves both hepatic lobes or multiple nodule.

As a consequence prognosis remain poor. In order to improve survival and
opportunities for curative treatment, early diagnosis is mandatory. To make
a diagnosis earlier, risk factors for HCC need to be identified. (22)

Many risk factors and cofactors (23, 24) are associated with HCC that result
being a complex disease. In most patients, cirrhosis precede HCC (25) and, as
a direct consequence, common causes of cirrhosis have been identified as
important risk factors for HCC.

Chronic infection with hepatitis B virus (HBV) or hepatitis C virus (HCV) are
important risk factors for HCC. Worldwide 50%-80% of HCCs are related to
HBV infection, whereas HCV infection is considered responsible of cancer
occurrence in 10%-25% of the cases. (26)

Preventing and treating viral hepatitis can significantly affect HCC incidence.
In terms of prevention, the introduction of HBV vaccine for all children of the
endemic areas will reduce HCC incidence.

In terms of treatment antiviral therapy resulting in viral suppression is

reported to significantly reduce the risk for HCC in patients infected with

14
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HBV and advanced hepatic fibrosis. (27,28)

Nowadays also for HCV infection several therapy are available. Interferon has
been the major antiviral treatment, leading to a viral clearance in
approximately half of patients. New direct-acting antivirals have significantly
improved the cure rate to above 90%.

However HCC incidence is predicted to increase in the next decades even in
high-resource countries because unfortunately access to viral hepatitis
treatment is still limited due to the high costs and moreover under-diagnosis
of viral hepatitis infection is still a problem especially in specific
subpopulations, such as inmates, and injection drug users.

Moreover, cancer risk persists even after 10 years of viral cure, and therefore
clinical strategies for its monitoring are urgently needed. Several risk-
predictive host factors, e.g., advanced liver fibrosis, older age, accompanying
metabolic diseases such as diabetes, persisting hepatic inflammation, and
elevated alpha-fetoprotein, as well as viral factors, e.g., core protein variants
and genotype 3, have been reported. (29)

Other environmental and genetic risk factors for HCC have been reported
such as: excessive alcohol consumption, aflatoxin intake, diabetes, obesity, or
hereditary hemochromatosis. (30)

Data emerging from epidemiologic studies have led to the conclusion that
global variations in HCC occurrence mostly reflect geographic differences in
the prevalence of different disease risk factors. (31)

For example the large Taiwan Prospective HBV Study strongly demonstrated

that HBV is the primary driver of the high HCC incidence rates in regions of

15
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high HBV endemicity such as Asia and sub-Saharan Africa where 8% of the
population is chronic carriers of the HBV much higher than the 2% of HBV
carriers in North America and northern and western Europe. (32)

Another potential contributor to the high incidence of HCC in Asia and sub-
Saharan Africa is dietary exposure to aflatoxin (33), which is produced by a
fungus of the genus Aspergillus and is a common contaminant of foods such
as peanuts, grain, legumes, and corn.

Aflatoxin seems to be a cofactor for HCC acting with chronic HBV infection
and increasing the risk for disease.

In sub-Saharan Africa, where 67% of all individuals is infected by HIV (34),
HIV infection act as a cofactor increasing rates of HCC in HBV-infected
individuals.

In countries where HBV infection is not endemic, HCV and alcoholic cirrhosis
are generally considered to be the most important risk factors for HCC
development. (31)

After HBV and HCV infections alcohol-related cirrhosis is considered to be
the third most common cause for HCC.

Alcohol can independently cause HCC by development of cirrhosis
independent of the presence of viral hepatitis. HCC carcinogenesis induced by
alcohol is due to recurrent inflammation state and cycles of hepatocyte
necrosis and regeneration with oxidative stress, finally resulting in cirrhosis.
(35)

Alcohol can also work as a cofactor together with HBV and HCV to increase

the risk of developing HCC. (36) The risk to develop HCC is high especially in
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those individuals who consume more than 60 g of alcohol per day.

A study analyzing the risk of developing HCC among heavy alcohol users with
chronic HCV infection showed that individuals were at 2.3 (95% confidence
interval: 1.67-3.26) times higher risk of developing HCC if they were heavy
alcohol users (defined as alcohol use of 210-560 g/week). (37) Similar data
were reported for heavy alcohol users HBV infected where the risk for HCC
increased by almost three times. (38)

Interestingly, around 40% of HCC cases were reported as idiopathic because
was not possible to identify the presence of known HCC risk factors such as
HCV, HBV, alcohol-induced liver disease, non specific cirrhosis, and non
specific hepatitis.

This could be only in part explained by limitations in the data source, other
factors, such as diabetes and nonalcoholic fatty liver disease (NAFLD), may
be important contributors to the development of association in the Western
Countries.

In fact, a U.S. population-based study has established that diabetes is an
independent risk factor, associated with a two- to three-fold higher risk for
disease. (39) Also in a Japanese case-control study diabetes and obesity
(body mass index _ 25 kg/m?) were associated with enhanced risk of HCC.
(40)

Both diabetes and obesity are involved in the development of nonalcoholic
steato-hepatitis (NASH), that is the severest form of NAFLD.

NASH can lead to HCC through progression in cirrhosis.

The increasing of diabetes and obesity occurrence worldwide may cause
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future increases in HCC incidence, in particular in developed countries where,
to date, the impact of the obesity epidemic has been most marked. (28)

An interesting population study was carried out by Kasmari et al. including
adults (> 18 years of age) represented in the MarketScan Database between
2008 and 2012 who had an outpatient visit with a diagnosis code of HCC.

The total number of patients with HCC was 17,446. Because hepatitis C is the
largest known risk factor for HCC in the US, these patients were included in
the analysis to evaluate the contribution of hepatitis C with and without type
Il diabetes or metabolic syndrome. There were 7473 patients remaining after
exclusions were applied. Figure 7 describes how the study sample was

constructed.

' MarketScan® Database: 2008-2012
56 million patients annually

17, 446 with HCC HCC alone I:
*| cases: 4932 Controls: 16,696

l Exclusions applied

| Cases: 7,473 HCC patients | .

Green Box: Secondary Analysis, Table 2.

| |
I | HCV and DM |

> Controls: 392
l I'| Cases: 446 I
[ Controls: 22,110 without HCC ] I 1
99% age and sex matched 1:3 : :
| |

DM

\ -« + Controls: 5022
Red Box: Primary Analysis, Table 1; _}: Cases: 2095 :
| |
| |

Figure 7. Study flow diagram. DM .diabetes mellitus; HCC . hepatocellular carcinoma; HCV . hepatitis
Cvirus.

The conclusions of the study were that both type II diabetes and
hypertension seem to be associated with HCC also in the absence of cirrhosis.

Moreover medical treatment of diabetes can interfere with HCC developing
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and in particular treatment with metformin can reduce cancer risk while
insulin use was associated with increased risk of HCC in diabetic patients
without cirrhosis.

This study may bring the future research into new targets for screening and
therapies in order to improve survival in patients with HCC. (22)

In order to understand how metabolic syndrome and diabetes can promote
liver cancerogenesis the tumor microenvironment, defined as the complex
network of tumor cells and stromal cells should be considered. (41) During
chronic hepatic injury, the deposition of extracellular matrix leads to poor
oxygen exchange and causes fibrosis. In a hypoxic environment hypoxia-
inducible factor-1a production is induced. (42) Hypoxia-inducible factor-1a
is therefore stimulated by hypoxic conditions and plays a synergistic role
with other angiogenic factors, such as Endothelial Vascular growth factor
(VEGF) in acting against apoptosis and fostering cell proliferation. Moreover,
hypoxia induces the mechanism of autophagy which promote cancer survival
using the catabolic breakdown of cellular elements to generate energy for
tumor cells and its surrounding environment.

In addition in a hypoxic environment stromal cells secrete pro-angiogenic
factors in fact HCC is characterized by an excess of angiogenic factors
produced by tumor cells, vascular endothelial cells, immune cells, and
surrounding tumor microenvironment.

Therefore is clear that the process of angiogenesis plays an important role in
HCC genesis. VEGF is an important mediator in tumor developing and is

released by the surrounding tumor microenvironment and stromal cells.
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VEGF is regulated by oncogenic gene mutations, hormones and cytokines. In
addition, VEGF can interfere with the surrounding stromal environment
through VEGR receptors on some cells like hepatic stellate cells and Kupffer
cells. (43) Other angiogenic molecules that foster dysfunctional vascular
system in HCC are angiopoietin 1, angiopoietin 2, and basic fibroblast growth
factor (bFGF). Angiopoietin 2 works synergistically with VEGF on endothelial
cells producing molecules that disrupt the basement membrane, further
augmenting a hypoxic environment. bFGF and VEGF act together to promote
angiogenesis, and platelet-derived endothelial cell growth factor induces cell
migration and new vessel maturation. (38)

These factors together with transforming growth factor (TGF)-a, TGF-f,
hepatocyte growth factor (HGF), endothelial growth factor (EGF), interleukin
4 (IL-4), IL-6, and IL-8 are raised in HCC patients.

In addition the fibrotic environment, through enhanced integrin signaling,
can stimulate tumor growth, cells survival, and proliferation. (41) In
particular there are the tumor-associated fibroblasts that can secrete factors
able to promote tumor growth and angiogenesis. Tumor-associated
fibroblasts are also involved in cross talk with neoplastic cells. (42)

In cirrhosis there is a chronic inflammation, mediated by cytokine and
chemokine, that has a key role in development of dysplastic nodules and HCC.
(44) TGF-B, HGF, and EGF are important growth factors and can regulate the
immune and inflammatory process. (42) In a phenotype of more aggressive
and metastatic HCC there are increased Th2-like cytokines (IL-4, IL-5, IL-8,

and IL10) rather than Th1-like cytokines (IL-1a, IL-1 B, IL-2, TNF-a). (41)
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The receptors are found on inflammatory, endothelial, and epithelial cells.
Interactions with these receptors with cells of the tumor microenvironment
mediate tumor progression, invasion, and metastasis.

Moreover an immune-tolerant microenvironment is established. The tumor
microenvironment can activate a plethora of immunosuppressive
mechanisms, which may act in concert to counteract effective immune
responses. In fact, some immune cells, especially tumor infiltrating
lymphocytes, are an important antitumor response. However, there is a
predominance of circulating regulatory T-cells and myeloid-derived
suppressive cells that reduce the immune response. (41) In addition, tumor-
associated macrophages can release chemokines and growth factors that

suppress antitumor immunity.
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Figure 8. Final resume of risk factors and HCC pathogenesis
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HEPATOCELLULAR CARCINOMA TREATMENT

Treatment strategies for HCC are commonly based on the Barcelona Clinic
Liver Cancer (BCLC) a staging system that considers performance status,
tumor size and location, extra hepatic spread and the underlying liver
function. (45)

Treatment of HCC is often multimodal and different surgical, interventional
(radiological /sonographical) and non-interventional procedures have been
established.

Curative treatment options include surgical resection, orthotopic liver
transplantation (OLT) or locoregional therapies and are available for early
tumor stages (BCLC A).

Laparoscopic approach is being largely used, especially for small lesion. In
the mini-invasive approach the post-operative complications rate decreases
and there are less cases of worsening of cirrhosis that often occurred after
open liver resection. In addition, the use of laparoscopic technique could
facilitate reiterative surgeries and a future OLT due to the less adherence
caused.

For intermediate tumor stages (BCLC B) other therapeutic option are
available such as trans-arterial chemoembolization (TACE) with or without
drug-eluting beads (DEB-TACE) and selective internal radiation therapy
(SIRT).

In advanced tumor stages (BCLC C) systemic therapy with Sorafenib, the
multikinase inhibitor, represents the current standard in patients with

compensated cirrhosis. (46) Best supportive care is recommended for end-
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stage HCC patients (BCLC D). (47)

Figure 9 shows treatment following the BCLC system.
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Figure 9. Barcelona Clinic Liver Cancer staging system and treatment options
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Surgical procedures

Liver Resections

Liver resection is one of the treatment options in patients with HCC. Thypes
of resection performed are based on tumor location, size and vascular
rapport of the lesion.

Also steps of the operation depend on number and location of the segments
involved by the cancer. However common steps of the operation could be
rapresent by the followings:

1. Incision: is generally a right-subcostal incision extended to the mid-
line up to the xiphoid process. In some centers also a double sub-
costal incision could be performed. In case of huge tumors also a
thoracotomy at the level of the ninth rib is performed.

2. Mobilization of the hemiliver involved in the operation. In some case
could be necessary to perform a bilateral liver mobilization.

3. Preparation of the hepatic pedicle that can be pass on a Tourniquet in
order to be able to perform a Pringle’s maneuver during the resection
to minimize the blood loss.

4. If needed also the extra-hepatic preparation and control of the sovra-
hepatic veins. This maneuver could be useful to control intraoperative
bleeding or this step is propaedeutic to the section of the vein after
the parenchymal resection.

5. Perform an Ultrasound of the liver to localize the lesion and to exclude

the presence of other lesions.

25



Tesi di dottorato in Dottorato di ricerca internazionale in endocrinologia e malattie metaboliche, di Alessandro Coppola,
discussa presso I'Universita Campus Bio-Medico di Roma in data 30/10/2017.

La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca,

a condizione che ne venga citata la fonte.

6. The parenchymal transection could be performed in several ways
such as kellyklasia, with ultrasonic dissector or other device.

7. After the resection is important to control the hemostasis and the
biliostasis.

8. Place a drain or more in the site of the resection.

9. Closure of the abdomen.

The risk of this surgery can be resumed in postoperative hemorrhage, biliary
leaks and post-operative liver failure in addition to the general complications
that can occur after a major surgery operation.

The following images (figures 10,11,12,13) explain the different types of
anatomical resections that can be performed. In addition there are the non-
anatomical resections that include the resection of a part of the liver
respectig the important vascular and biliary structure in order to avoid large
necrosis of the remaining liver. All these procedures could be performed in

both open or mininvasive approaches.
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First-order division

Anatomical  Couinaud segments
Term referred to
Right Hemiliver Sg 5-8(+/-S¢1)
OR
Right Liver
Left Hemiliver Sg 2-4 (+/ -5¢1)
OR
Left Liver

Term for
surgical resection

Diagram
(pertinent area is shaded)

Right Hepatectomy
OR
Right Hemihepatectomy
(stipulate +/-segment 1)

i

[ 8

Left Hepatectomy 7 T
OR I e
Left Hemihepatectomy v 24

(stipulate +/-segment 1)

Border or watershed: The border or watershed of the first order division which separates the two
hemilivers is a plane which intersects the gallbladder fossa and the fossa for the IVC and is called

the midplane of the liver.

Figure 10. Brisbane 2000 Nomenclature of Liver Anatomy and Resections
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2 Second-order division

(second-order division based on bile ducts and hepatic artery)

Anatomical  Couinaud segments Term for Diagram
Term referred to surgical resection (pertinent area is shaded)

Right Sg 5,8 Add (-ectomy)to any of
Anterior Section the anatomical terms as in
Right anterior sectionectomy

Right Sg67 Right
Posterior Section posterior sectionectomy

Left Sgd Left medial sectionectomy
Medial Section OR
Resection segment 4
(also see Third order)
OR

Segmentectomy 4
(also see Third order)

Left Sg23 Lelt lateral sectionectomy
Lateral Section OR
Bisegmentectomy 2,3
(also see Third order)

S48 Right Trisectionectomy
(+/-8¢l) {preferred term)
or
Extended Right Hepatectomy
or
Extended Right Hemihepatectomy
(stipulate +/-segment 1)

Se 23458 Left Trisectionectomy
(#ng_j (preferred term)
or
Extended Left Hepatectomy
or

Extended Left Hemihepatectomy
(stipulate +/-segment 1)

Border or watershed: The borders or watersheds of the sections are planes referred to as the
right and left intersectional planes. The left intersectional plane passes through the umbilical
fissure and the attachment of the falciform ligament. There is no surface marking of the right
intersectional plane.

Figure 11. Brisbane 2000 Nomenclature of Liver Anatomy and Resections
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Third-order division
Anatomical  Couinaud segments Term for Diagram
Term referred to surgical resection (pertinent area is shaded)

Segments 1-9 Any one of Segmentectomy
Sgltold (e.g. segmentectomy 6)

2 contiguous  Any two of Sg 1 to Sg 9 Bisegmentectormy
segments in continuity (e.g. bisegmentectomy 5,6)

For clarity Sg. | and 9 are not shown. It is also acceptable to refer to ANY resection by its third-order
segments, eg. right hemihepatectomy can also be called resection sg 5-8.

Border or watersheds: The borders or watersheds of the segments are planes referred to as
intersegmental planes.

Figure 12. Brisbane 2000 Nomenclature of Liver Anatomy and Resections
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4 Addendum. Alternative second-order division
(second-order division based on portal vein)
Anatomical  Couinaud segments Term for Diagram
Term referred to surgical resection (pertinent area is shaded)
Right Add (-ectomy)to any of b
Anterior Sector the anatomical terms as in
OR Sg 58 Right anterior sectorectomy 7_ @
Right OR [ Sl
paramedian Sector Right paramedian sectorectomy 6
* ?
Right Right
Posterior Sector posterior sectorectomy i
OR Sg 6,7 OR
Right Lateral Sector Right lateral sectorectomy
Left Sgid Left medial sectorectomy
Medial Sector OR
OR Left paramedian sectorectorny
Left OR
Paramedian Sector Bisegmentectomy 3,4
Left 552 Left lateral sectorectomy f 8 4 F
Lateral Sector OR !
OR Left posterior sectorectomy 7 e
Left OR :"6.
Posterior Sector Segmentectomy 2 T

Right anterior sector and Right anterior section are synonyms. Right posterior sector and Right
posterior section are synonyms. Left medial sector and Left medial section are NOT synonyms and
are NOT exchangeable terms. They do not describe the same anatomic areas. Left lateral sector and
Left lateral section are also NOT synonyms and are NOT exchangeable terms.

Border or watersheds: The border or watersheds of second-order division based on PV are called
right and left intesecloral planes. These have no surface markings.

Figure 13. Brisbane 2000 Nomenclature of Liver Anatomy and Resections
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The Liver Transplant

A liver transplant involves the removal of and preparation of the donor liver,
removal of the diseased liver, and implantation of the new organ. The liver
has several connections that must be re-established for the new organ to
receive blood flow and to drain bile from the liver. The structures that must
be reconnected are the inferior vena cava, the portal vein, the hepatic artery,
and the bile duct. The exact method of connecting these structures varies
depending on specific donor and anatomy or recipient anatomic issues and,
in some cases, the recipient disease.

For someone undergoing liver transplantation, the sequence of events in the
operating room is as follows:

1 Incision

2 Evaluation of the abdomen for abnormalities that would preclude
liver transplantation (for example: undiagnosed infection or
malignancy)

3 Mobilization of the native liver (dissection of the liver attachments to
the abdominal cavity)

4 Isolation of important structures (the inferior vena cava above, behind,
and below the liver; the portal vein; the common bile duct; the hepatic
artery)

5 Transection of the above mentioned structures and removal of the
native diseased liver.

6 Sewing in the new liver: First, venous blood flow is re-established by

connecting the donor's and the recipient's inferior vena cava and
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portal veins. Next, arterial flow is re-established by sewing the donor's
and recipient's hepatic arteries.

7 Finally, biliary drainage is achieved by sewing the donor's and
recipient's common bile ducts.

8 Ensuring adequate control of bleeding.

9 Closure of the incision.

A.Conventional technique B. Piggyback technique C.Living donor right lobe liver transplantation

Given to recipient Stays in donor
Reconsiructed Overseun
Y
@0

E. Living donor left lobe liver transplantation

Inferior vena cava

Hepatic artery Stays in donor Given to recipient
Portal vein Orerege LY

Common bile duct :
Left hepatic artery
Left portal vein
Left hepatic duct
Left hepatic vein
Right hepatic artery
Right portal vein
Right hepatic duct
Right hepatic vein
Middle hepaticvein

EEE3ESE3583FR

Figure 14. Type of possible liver transplant and vascular anastomosis

As with any surgical procedure, complications related to the operation may
occur, in addition to the many possible complications that may happen to any
patient who is hospitalized. Some of the problems specific to liver
transplantation that may be encountered includes:

Primary non-function or poor function of the newly transplanted liver occurs

in approximately 1-5% of new transplants. If the function of the liver does
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not improve sufficiently or quickly enough, the patient may urgently require
a second transplant to survive.

Hepatic artery thrombosis, or clotting of the hepatic artery (the blood vessel
that brings oxygenated blood from the heart to the liver) occurs in 2-5% of all
deceased donor transplants. The risk is doubled in patients who receive a
living donor transplant. The liver cells themselves typically do not suffer
from losing blood flow from the hepatic artery because they are primarily
nourished by blood by the portal blood flow.

In contrast, the bile ducts depend strongly on the hepatic artery for nutrition
and loss of that blood flow may lead to bile duct scarring and infection. If this
occurs, then another transplant may be necessary.

Portal vein thrombosis or clotting of the large vein that brings blood from the
abdominal organs (the intestines, the pancreas, and the spleen - the organs
that belong to the portal circulation) to the liver occurs infrequently. This
complication may or may not require a second liver transplant.

Biliary complications: In general, there are two types of biliary problems:
leak or stricture. Biliary complications affect approximately 15% of all
deceased donor transplants and up to 40% of all living donor transplants.
Biliary leak means that bile is leaking out of the bile duct and into the
abdominal cavity. Most frequently, this occurs where the donor and recipient
bile ducts were sewn together. This is often treated by placing a stent, or
plastic tube, across the connection through the stomach and small intestine
and then allowing the connection to heal. In the case of living donor or split

liver transplants, bile can also leak from the cut edge of the liver. Typically, a
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drain is placed and left during the transplant operation along the cut edge to
remove any bile that may leak. As long as the bile does not collect in the
abdomen, the patient does not become ill. Leaks will often heal with time, but
may require additional treatment procedures.

Biliary stricture means narrowing of the bile duct, resulting in relative or
complete blockage of the bile flow and possible infection. Most frequently,
the narrowing occurs at a single site, again where the donor and recipient
ducts are sewn together.

This narrowing can often be treated by dilating the narrowed area with a
balloon and/or inserting a stent across the stricture. If these methods are
unsuccessful, surgery is often done to create a new connection between the
liver's bile duct and a segment of intestine. Rarely, biliary strictures occur at
multiple or innumerable sites throughout the biliary tree. This occurs most
frequently because the biliary tree was poorly preserved during the period
when the liver was not in either the donor or recipient circulation. Livers
procured from cardiac death donors are at higher risk than those from brain
dead donors. Alternatively, diffuse biliary strictures may occur if the biliary
tree has inadequate blood supply because of an abnormality with the hepatic
artery.

Bleeding is a risk of any surgical procedure but a particular risk after liver
transplantation because of the extensive nature of the surgery and because
clotting requires factors made by the liver. Most transplant patients bleed a

minor amount and may get additional transfusions after the operation. If
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bleeding is substantial or brisk, return to the operating room for control of
bleeding is often necessary.

In general, approximately 10% of transplant recipients will require a second
operation for bleeding.

Infection - Infections can occur during the healing of the wound created by
any operation. Liver transplant recipients are also at risk for infections deep
within the abdomen, particularly if there is a collection of blood or bile (from
a bile leak). The immunosuppressive medications along with the history of
liver failure increase the liver transplant recipient's risk for developing an

infection after transplantation.

NON ALCOHOLIC FATTY LIVER DISEASE &

STEATOHEPATITIS

Nonalcoholic fatty liver disease (NAFLD) could be defined as the hepatic
manifestation of metabolic syndrome .

Typically, most patients with metabolic syndrome-related NASH present with
characteristic features of metabolic syndrome such as central obesity,
impaired glucose tolerance, high triglycerides, and low high-density
lipoprotein [HDL] . (48)

In addition patients with NAFLD have an unbalanced lipid metabolism
characterized by higher low-density lipoprotein (LDL) particle concentration
and lower LDL particle size resulting in abnormalities in lipoprotein profile.

(49)
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While concurrent components of metabolic syndrome increase the risk of
developing NAFLD, the presence of NAFLD also increases the risk of
developing complications such as dyslipidemia and IR. (50)

From an epidemiological point of view NAFLD has emerged as an epidemic in
the Western Countries as well as in the Asia Pacific region. NAFLD has an
estimated prevalence of~ 20- 30% in the USA (51) and is also the most
common cause of persistently elevated liver enzymes. (52,53). The rising
incidence of NAFLD is not unexpected because of the increasing trends in
obesity and obesity-related diseases. However, both prevalence and
incidence trends must be interpreted with caution as diagnosis of NAFLD
may also be influenced by misclassification biases and selection biases. In
addition, the prevalence estimates of NAFLD can differ depending on the
population studied and the accuracy of the diagnostic test.

From an histological point of view NAFLD is a clinical disease characterized
by the finding of 5% or greater of macrovesicular steatosis of hepatocytes in
a patient without significant alcohol use or other known causes of chronic
liver disease. (54)

Histologically, it covers a wide spectrum of liver disease ranging from
isolated steatosis (without or with only minimal inflammation) to severe
nonalcoholic steatohepatitis (NASH),

characterized by inflammation, cell necrosis (ballooning), perilobular fibrosis,
and

eventually cirrhosis (Figure 15).

36



Tesi di dottorato in Dottorato di ricerca internazionale in endocrinologia e malattie metaboliche, di Alessandro Coppola,
discussa presso I'Universita Campus Bio-Medico di Roma in data 30/10/2017.

La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca,

a condizione che ne venga citata la fonte.

frioros o)
A k : -
azl:o ines /

adipokines
z Hepatocellular
NASH carcinoma
Stellate
cell

activation

N\

NAFLD

AGEs

NAFLD: Mon-alcoholic fatty liver diseasa.
NASH: Non-alcohalic steatohepatitis.
AGEs: Advanced glycation end products

Figure 15. Progression from NAFLD to HCC

The risk of NASH progressing to cirrhosis has not been clearly defined, but it
has been estimated to range from 21% to 26% over 8.2 years. Up to 30% of
NASH patients with compensated cirrhosis develop liver decompensation in
8 to10 years. (55)

Fibrosis stage is the strongest predictor for disease specific mortality in
NAFLD. Angulo et al performed a retrospective international longitudinal
study of 619 NAFLD patients and showed that increasing severity of liver
fibrosis on biopsy was associated with increasingly higher risk of death, liver-
related events, or Liver Transplantation (LT). (56) A recent study using
registry data from the United Network for Organ Sharing/Organ
Procurement Transplant Network(UNOS/OPTN) demonstrated that in 2013,
NASH became the second leading etiology of liver disease among adults

awaiting LT in the U.S. and is predicted to become the leading indication for
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LT in the near future. (57) In addition, NASH is currently the second leading
etiology and the most rapidly growing indication among adults with HCC
undergoing LT in the U.S. (58)

While NAFLD is not entirely a diagnosis of exclusion, its diagnosis require a
careful investigation of alcohol consumption, as alcoholic liver disease itself
can show similar histological features to NAFLD. Current guidelines
recommend that, in order to make a diagnosis of NAFLD, alcohol exposure
should be less than 30 g/day for male sex and less than 20 g/day for female
Sex.

As already discussed, diabetes and obesity are two conditions of metabolic
syndrome that act as independent risk factors for the development of HCC.
Both of them are strongly associated with NAFLD. Recent studies have
suggested the association between NAFLD and HCC, supporting the role of
NAFLD in liver carcinogenesis. (59) Increased risk of HCC in NAFLD seems to
affect especially patients with cirrhosis and is generally due to NASH.
Furthermore, it has recently been suggested that also in non-cirrhotic livers,
the presence of NAFLD and/or metabolic syndrome is associated with the
development of HCC. (60) The calculated risk of HCC is roughly 7% over 6.5
years. (50)

In most series of patients with HCC , the prevalence of NAFLD-related HCC
ranges from 4% to 22%, however the incidence is expected to increase in the
future considering the obesity epidemic worldwide. (61)

Previous studies have described a steatohepatitis variant of HCC (SH-HCC ),

which is characterized by features resembling steatohepatitis in the tumor
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similar to the non-tumoral liver . This phenotype has been reported to occur
in the setting of underlying steatosis, steatohepatitis, and metabolic

syndrome. (60)

Despite the stability of new cases of viral hepatitis and alcohol-related
cirrhosis, HCC incidence is increasing in areas traditionally considered as low
incidence. This increased incidence of HCC follows the epidemic of obesity
and metabolic syndrome within Western Countries. In addition it has been
suggested that NASH may become the most frequent cause of HCC in an era
with improving treatment strategies for chronic viral hepatitis. Moreover
cases of HCC traditionally diagnosed as secondary to criptogenetic or
idiopatic are now being classified as NASH-related cirrhosis due to
overwhelming clinical evidence linking criptogenetic or idiopatic with the
metabolic syndrome seen in NASH. The presentation of patients with NASH-
related HCC tends to be in the older of age and mostly in women, and they
generally have better overall survival. Recently, PNPLA3 has been
demonstrated as a potential biomarker involved in the development of HCC
in patients prone to NASH. However, the actual physiological mechanism of
PNPLA3 is still under investigation. (62)

In addition an important aspect under evaluation is if survival outcome is
different in HCC NASH-related patients rather than in HCC non NASH-related
patients.

In a paper published by Weinmann et al (63) the median survival of all

patients with HCC was 15.3 months (range 0- 131 months) while overall
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survival in NASH-HCC was 4.22 months shorter compared to non- NASH-HCC
(median [range]: 11.28 [0.7-127.6] vs. 15.5 [0- 131.3], p = 0.287) (Figure 12).
In HCC, overall survival is strongly depended on liver function. In the absence
of cirrhosis, NASH-HCC patients showed an increased overall survival
compared to non-NASH HCC patients (43.4 vs. 25 month, p = 0.748) (Figure
16). (63)

Both, compensated cirrhosis and decompensated cirrhosis were associated
with a decreased survival in NASH-HCC compared to non-NASH-HCC.
Patients with NASH-HCC in Child-Pugh-Turcotte (CTP) stage A exhibited a
reduced overall survival (15.5 vs. 24.2 months, p = 0.268). The difference in
overall survival in CTP stage B achieved statistical significance (5.55 vs. 10.6
month, p< 0.05). In this study there were no NASH-HCC patients with CTP
stage C (Figure 16). BMI was the second factor that was identified to
contribute to the overall survival in these patients. A higher BMI was
associated with longer survival in all groups of HCC even independent of the

underlying cause (Figure 16).
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Figure 16. Kaplan-Meier survival curves. Kaplan-Meier survival curves comparing overall survival in NASH-HCC
and non-NASH-HCC patients; A for all patients; B for all patients regarding presence of liver cirrhosis; C for all

patients with Child Pugh stage A; D for all patients with Child Pugh stage B; E for all patients regarding obesity; F for

NASH-HCC and non-NASH-HCC patients regarding obesity.

In the Weinmann report LT was not performed as primary treatment in any
of the 45 cases of NASH-HCC . This might be related to the tendency of NASH-
HCC to have a large and multifocal tumor at diagnosis possibly restricting
surgical approach. (63)

Over the last years, much information has come to find out the association
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between metabolic syndrome, NASH and HCC. However there are still many
queries on this topic including whether hepatic steatosis and NASH represent
different disease states or a continuum, and what is the actual incidence of
NASH-related HCC in Westerns Countries. In the future it is desirable to
better understand the optimal management for NASH-related HCC, as well as
determining the role of genetic markers of NAFLD and NASH in the diagnosis
and prognosis of NASH-related HCC. (62)

In the paper written by Bril (64) an algorithm for the diagnosis of NAFLD and

NASH in patients with prediabetes or T2DM has been suggested (Figure 17).
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Figure 17. Algorithm for the diagnosis of NAFLD and NASH in patients with prediabetes or T2DM in clinical practice.
This suggested algorithm is based on the authors’ interpretation of available evidence.MR, magnetic resonance; US,
ultrasound. *Based on results from more sensitive tests such as liver 1H-MRS, MRI-proton density fat fraction, or
CAP. #Patatin-like phospholipase domain-containing 3 (PNPLA3) 1148M and/or transmembrane 6 superfamily
member 2 (TM6SF2) E167 K.
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PANCREATIC CANCER

Pancreatic cancer is a devastating disease characterized by an increased
incidence in Western Countries, an extremely poor median survival of 4-6
months after diagnosis (65) and limited therapeutic options. (66)

The incidence and number of deaths caused by pancreatic cancer have been
gradually increased, despite incidence and mortality of other common
cancers has been declined along the last decades. (67) The difficulty to detect
pancreatic carcinoma at an early stage, its aggressive progression, and the
lack of effective systemic treatment are the main reasons of the poor
prognosis of patients with pancreas cancer. So far many risk factors for this
disease have been identified such as cigarette smoking, family history of
chronic pancreatitis, advancing age, male sex, diabetes mellitus, obesity, non-
0 blood group, high-fat diet, diets high in meat and low in vegetables and
folate content, possibly Helicobacter pylori and hepatitis B virus infections,
alcohol consumption and periodontal disease. (68)

Smoking is the most important environmental factor for pancreatic cancer.
The carcinogens deriving from tobacco can extend to the pancreas by two
modalities. The first one is by the direct oropharyngeal absorption the
second is by the blood flow, and can indirectly damage the pancreas,
facilitating duodenopancreatic reflux. Several papers showed a significantly
higher risk in smokers than in nonsmokers, highlighting a direct connection
with tobacco smoking especially in the 15 years before evaluation. (69) In the
PanC4 studies, risk for those who smoked =35 cigarettes per day was more

than 3 times that of never smokers, and those who smoked 230 years were at
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more than double the risk In. the cohort studies, risk was highest in those
with 230 cigarettes per day, >50 years of smoking, and >40 pack years.
Family history, defined as having at least one affected first degree relative, is
another risk factor for pancreatic cancer. (70) A family history of pancreatic
cancer is described in 5-10% of patients with this disease and the most
commonly found mutations in families with pancreatic cancer are in BRCAZ2,
with about twice the risk found in those with mutations in this gene.

From a genetic point of view, pancreatic cancer is fundamentally caused by
inherited (germline) and acquired (somatic) mutations in oncogenes. The
germline changes associated with ductal adenocarcinoma of the pancreas
mainly involve BRCA2 gene. The exomes of ductal adenocarcinoma and of all
of the most common types of tumors of the pancreas have been recently
sequenced, providing new insight into the somatic mutations in these
neoplasms. (71) This insight will change management of this tumor and
forms the basis for new approaches to the early detection and treatment of
pancreatic cancer. The sequencing of infiltrating ductal adenocarcinomas of
the pancreas revealed that 4 genes, KRAS, p16/CDKN2A, TP53 and SMAD4,
are each somatically altered in >50% of the cancers. KRAS, an oncogene on
chromosome 12, is activated by point mutation in 95% of invasive ductal
adenocarcinomas. (72) The protein coded for the KRAS gene is a small
GTPase that plays an important role in cell signaling through the mitogen-
activated protein kinase (MAPK) and other pathways. The point mutations in
KRAS occur early in pancreatic neoplasm, and almost exclusively target 3

codons (codons 12, 13, and 61), making them relatively easy to identify and,
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suggesting that KRAS mutations could form the basis for gene-based tests to
detect early curable pancreatic neoplasm. (73)

Unfortunately, most pancreatic cancers present with no specific symptoms
and are diagnosed late in the course of the disease when the cancer has
already spread to other organs. Common symptoms include abdominal pain
and in particularly epigastric pain that radiates to the back, unexplained
weight loss, jaundice, clay-colored stools, nausea, and in around 10%,
migratory thrombophlebitis (Trousseau’s syndrome). (74) Patients with
pancreatic cancer sometimes may present at diagnosis with new-onset
diabetes mellitus or with signs and symptoms of chronic pancreatitis. Of
interest, depression is common in patients with pancreatic cancer, and in
some instances the diagnosis of depression is established before the patient

is found to have the cancer. (75)

PANCREATIC CANCER TREATMENT

Pancreatic cancer is a complex and highly lethal disease that is best treated in
the multidisciplinary setting. (76) The optimal treatment depends on
accurate staging. Patients with Stage I/Il disease should undergo surgical
resection followed by adjuvant therapy. Neoadjuvant therapy should be
considered in this patient population but is controversial, whereas patients

with Stage III borderline resectable cancers should undergo neoadjuvant
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therapy prior to resection. (77) Patients with stage III locally advanced
disease should be treated with chemotherapy and/or chemoradiotherapy.
Most of these patients develop metastatic disease; however, select patients
can still be considered for surgical resection. Patients with Stage IV and good
performance status may receive systemic therapy and those with poor
overall health should be given supportive therapy. (78)

In Figure 18 is shown a flow chart diagramming a general approach to the

treatment of pancreatic cancer.
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Figure 18. Treatment of pancreatic cancer © Johns Hopkins University
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The surgical approach depends on the location of their tumor. Cancers
arising in the head of the pancreas require a pancreaticoduodenectomy
(Whipple operation), whereas those in the tail require a distal
pancreatectomy with an en bloc splenectomy. Lesions located in the neck and
body may require a pancreaticoduodenectomy, distal pancreatectomy or,
rarely, a total pancreatectomy. Other partial resections, such as central
pancreatectomy or enucleations do not result in an adequate
lymphadenectomy and should not be considered curative resection for
pancreatic cancer. The surgical resections are more often performed with a
minimal invasive surgical approach. In the last years several papers have
been published to demonstrate the feasibility and safety of the laparoscopic
approach in pancreatic surgery.

Despite all the efforts prognosis is still very poor for this neoplasm.

However there are a number of bright spots on the horizon, including
individualized therapies and the prevention of an invasive pancreatic cancer.

(79)

47



Tesi di dottorato in Dottorato di ricerca internazionale in endocrinologia e malattie metaboliche, di Alessandro Coppola,
discussa presso I'Universita Campus Bio-Medico di Roma in data 30/10/2017.

La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca,

a condizione che ne venga citata la fonte.

Surgical procedures

Area Removed for Whipple Area Removed for
Distal Pancreatectomy

Portal
vein

Duodenal
minat pagilla

Ducdenal | i NN 47 = Body
major papéla ] .

masanianc vein

Figure 19. Resection areas for pancreatoduodenectomy or distal pancreatectomy

Pancreatoduodenectomy

Pancreaticoduodenectomy is a technically challenging operation with
postoperative morbidity rates of 30 - 80 % even when performed at high-
volume, tertiary referral centers.

The incision preferred for this operation could be a double sub-costal or a
mid-line incision.

The peritoneal cavity is then visually inspected. If the indication for the
procedure is malignancy, it is critical to assess the peritoneum and the liver
for any radiographically-occult metastatic disease. The procedure steps could
be summarize in:

1. Kocher maneuver to mobilize the duodenum-pancreatic complex
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2. The gastrocolic ligament is incised just off of the gastroepiploic vessels
and the lesser sac is entered. This dissection is carried up along the
greater curvature of the stomach and is stopped at the level of the
short gastric vessels. The dissection is then carried medially toward
the origins of the right gastroepiploic vessels / Henle’s trunk. It can be
difficult to maintain the correct plane in this portion of the procedure.
Maneuvers to facilitate this dissection include dividing any posterior
attachments of the stomach to the transverse colon mesentery and
pancreas, and mobilizing the hepatic flexure of the colon. The right
gastroepiploic vessels are then ligated with a stapler and/or clips.

3. Attention is then turned to the region of the hepatic pedicle. The
triangle of Calot is dissected and the cystic duct and artery are ligated
and the cholecistectomy performed.

4. The peritoneum and fatty tissue in the supraduodenal region is then
divided, layer-by-layer, in the region of the right gastric artery, to the
left of the porta hepatis. The stomach is then elevated and the
posterior aspect of the pylorus / proximal duodenum is dissected. The
duodenum is then transected with a stapler just distal to the pylorus.
If standard pancreaticoduodenectomy is preferred, the stomach is
transected at the level of the incisura. The stomach is then tucked
away in the left upper quadrant.

5. The next step is to identify the common hepatic artery (CHA) cephaled
to the pancreas, which is usually evident by its pulsation. The CHA

lymph node is dissected out and removed to provide exposure of the
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gastroduodenal artery (GDA). The GDA is then dissected
circumferentially. A silk tie is passed around the vessel and is tied
down to ligate it proximally. Four metal clips are then applied, two
proximally to reinforce the tie and two distally. The GDA is then
divided sharply. There are often small branches posterior to the vessel
that bleed during the course of this dissection.

6. Attention is then turned to the common bile duct (CBD). It is dissected
away from the portal vein (PV) and proper hepatic artery (PHA) from
medial to lateral, just above the superior border of the pancreas. Once
the distal CBD is circumferentially dissected, it is temporarily
occluded with a small bull-dog clamp. This is placed as far proximally
as possible. The distal CBD is then divided sharply with laparoscopic
scissors.

7. Next, attention is turned to the inferior border of the pancreas. The
neck of the gland is identified and the inferior border is carefully
mobilized with hook electrocautery. The superior mesenteric vein
(SMV) is identified. The space between the SMV and the overlying
pancreas is then carefully dissected until a tunnel is created. A
Penrose drain through the tunnel is pass. Once this is complete, it is
helpful to dissect out the right lateral aspect of the SMV until the first
branch is exposed.

8. Now the ligament of Treitz (LOT) is identified. The mesentery to the
proximal jejunum is divided a point approximately 15-cm distal to the

LOT. The jejunum itself, however, is not transected yet. Once the LOT
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itself is reached it is similarly divided. It is helpful to perform as much
of the LOT dissection as is safely possible from this side of the
superior mesenteric vessels, however, care should be taken to avoid
injury to them or to the inferior mesenteric vein (IMV) during this
dissection.

9. The distal duodenum / proximal jejunum is gently passed from left to
right under the superior mesenteric vessels. The proximal jejunum is
then transected with a stapler at the site of demarcation of the
previously de-vascularized segment.

10. The duodenum is elevated and the plane between the posterior aspect
of the uncinate process and the retreo-peritoneum is dissected with
the harmonic scalpel.

11. The pancreatic neck is now diveded

12. The uncinate processi s now progressively free from caudal to cephal
and the spicimen removed.

13. Pancreatic anastomosis is now performed in different possible fashion
such as pancreato-jejunostomy or pancreato-gastrostomy.

14. Hepatico-jejunostomy is performed.

15. And final duodenal-jejunostomy or gastro-jejunostomy is performed.

16. Drains are placed.

17. Closure of the abdomen.
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Figure 20. Pancreatoduodenectomy with classical Traverso-Longmire reconstruction

The most common complications of this procedure are the postoperative

pancreatic fistula, the delayed gastric empty and the hemorrhage.

Distal Pancreatectomy

For tumor located in the body and tail of the pancreas the surgical treatment
proposed is the distal pancreatectomy. This procedure is done with en bloc
splenectomy in order to perform a correct lymphadenectomy taking out all
the lymph nodes long the splenic vessels and around the splenic hilum.
Several approach to this procedure are performed like the “clockwise
technique” or the “posterior radical antegrade modular
pancreatospenectomy” (RAMPS).

Here reported some common steps of the procedure:

52



Tesi di dottorato in Dottorato di ricerca internazionale in endocrinologia e malattie metaboliche, di Alessandro Coppola,
discussa presso I'Universita Campus Bio-Medico di Roma in data 30/10/2017.

La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca,

a condizione che ne venga citata la fonte.

1. Mobilization of the splenic flexure of the colon and exposure of the
pancreas

2. Dissection along the inferior edge of the pancreas and choosing the
site for pancreatic division.

3. Pancreatic parenchymal division and ligation of the splenic vein and
artery.

4. Dissection along the superior edge of the pancreas.

5. Mobilization of the spleen and specimen removal.

Figure 21. Distal Pancreatectomy

Postoperative complications are similar to the Pancreatoduodenectomy but

in a minor percentage and with a most favorable post-operative course.

NON ALCOHOLIC FATTY PANCREAS DISEASE &
STEATOPANCREATITIS

Evidence that obesity is linked to pancreatic cancer is developing and (80) as

pancreatic steatosis is related to obesity, non-alcoholic fatty pancreas disease
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(NAFPD) has been supposed to be involved in the development of pancreatic
cancer. (81) NAFPD has also been suggested to cause pancreatic cancer
through non-alcoholic steatopancreatitis (NASP), a concept analogous to
non-alcoholic fatty liver disease (NAFLD), which can cause hepatic cancer via
non-alcoholic steatohepatitis(NASH) and hepatic cirrhosis. In summary, it
appears that pancreatic inflammation associated with obesity (pancreatic
steatosis) and substantial pancreatic fibrosis, making this organ more
susceptible to pancreatitis, may increase the risk of pancreatic cancer.
Interestingly, many studies reported a positive link between pancreatic
cancer and more elements of the syndrome such as abdominal obesity,
hyperinsulinemia and elevated serum glucose level. (82)

It was recently reported by Li D (83) that the exact mechanism that explain
the link between diabetes and pancreatic cancer is difficult to find but is
known to include some metabolic, hormonal and immunological alterations
that influence tumor growth. Some of the most hypothesized mechanisms
underlying the association between type 2 diabetes mellitus and pancreatic
cancer are IR and compensatory hyperinsulinemia as well as elevated levels
of circulating IGFs. Insulin is a growth promoting hormone with mitogenic
effects that promotes cell proliferation and increases glucose use, both of
which being important to tumor development and progression. (84)
Furthermore, as already discussed, insulin reduces the hepatic production of
IGF-binding proteins increasing the bioavailability of IGF.

Figure 14 shows the effect of IR on endocrine production of insulin and GH

effect on hepatic IGF-I production as well as autocrine and paracrine
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production of IGF-I and IGF-II by tumor cells. (85)
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Figure 22. Endocrine, autocrine, and paracrine signaling of insulin, IGF-I, and IGF-II in tumor cells. Schematic
representing the effect of IR on endocrine production of insulin and GH effect on hepatic IGF-I production as well as
autocrine and paracrine production of IGF-I and IGF-II by tumor cells. Arrows from insulin, IGF-I, and IGF-II
demonstrate their interactions with the IR isoforms (IR-A and IR-B), the IGF-IR, and the hybrid receptors (IGF-
IR/IR-A and IGF-IR/IR-B)

IGF-1 has a more potent mitogenic and antiapoptotic activity than insulin and
may act as growth factor in cells expressing insulin and the IGF-1receptor
(IGF1R). (83) Importantly, pancreatic cancer cells highly express IGF-1 and
IGF1R and IGF-1-mediated signaling transduction increases proliferation,
invasion and expression of angiogenesis mediators and decreases apoptosis
in pancreatic cancer cells. (86) Data from animal studies also indicate that
the islet cell turnover, which is associated with IR, is critical for pancreatic
carcinogenesis. (83) For example, in hamsters, stimulation of islet cell
proliferation, enhanced pancreatic ductal carcinogenesis, and destruction of

islet cells by treatment with streptozotocin or alloxan inhibited pancreatic
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cancer induction. (87)

Another possible mechanism includes the effect of adiponectin, a protein
secreted by adipocytes that is lower in diabetics and in patients with
metabolic syndrome. Adiponectin levels are negatively related with plasma
glucose and insulin concentration, although it is not clear whether this is a
cause or a consequence of IR. Moreover, hypoadiponectinemia may be
considered an independent risk factor for hypertension and also has been
associated with an atherosclerotic lipid profile, as it is an independent
predictor of high-density-lipoproteins. (88) In addition, adiponectin has been
shown to inhibit endothelial cell proliferation and migration and has been
involved in the etiology of several cancers, particularly pancreatic cancer. (89,
90)

Circadian clock is another important aspect to consider in pancreatic
carcinogenesis. It is an important regulator of metabolism and disruption of
this clock has been implicated in various pathologies, ranging from obesity,
diabetes and metabolic syndrome to cancer such as pancreatic cancer. (91)
Recent research also suggests that cardiovascular abnormalities,
neurodegeneration and pancreatic carcinogenesis can be prevented by the
intake of several dietary antioxidants (e.g., coenzyme Q, vitamin C and
E,selenium) and phytochemicals (e.g., ellagic acid, curcumin, lycopene,
epigallocatechin gallate, and resveratrol) that are present in fruit, vegetables,
herbs and medicinal plants. (92) Several studies indicate that the presence of
metabolic syndrome or a greater number of its components are associated

with a significantly higher risk for all-cause cancer mortality, as well as
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pancreatic cancer mortality.

Diabetes, a major public health problem worldwide, is currently considered
the key component of metabolic syndrome in pancreatic carcinogenesis and
understanding of the pathological association between diabetes and
pancreatic cancer would help to the develop novel preventive and

therapeutic strategies for pancreatic tumor. (87)
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SECTION 2

INTRODUCTION TO SECTION 2

As already discussed in the first section of my thesis diabetes and metabolic
syndrome are indipendent risk factors for the development of both hepatic
and pancreatic cancers.

Therefore diabetes can increase the risk of hepatic cancer occurance but is
still unknown if diabetes can also influence tumor progression.

In order to understand the behaviour of hepatic cancer in a setting of
diabetes an in vivo study on a murine model was performed.

This part of my thesis was realized under the supervision of Professor
Annarosa Arcangeli, Full Professor of Medical Pathology at Careggi University
Hospital in Florence.

The experimental part was carried out in collaboration with Dr. Angela

Guerriero.
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METHODS USED IN THIS THESIS

THE TRANSFECTION

The gene transfer is a powerful tool enabling study of the function of genes
and protein expression. The terms transformation, transfection and
transduction all refer to the insertion of foreign DNA in the cell nucleus, but
in the first case the host is generic cell, in the second it is an eukaryotic cell
and in the third case the transfer is via the mediation of virus.

The discovery of transformation is a milestone in biology history as it has
shown that DNA is the genetic material.

At the end of the 1920s Fred Griffith, working on Streptoccus Pneumoniae,
showed that its virulence was due to the presence or absence of a
polysaccharide capsule of which strain S (smooth) was provided, but not
strain R (rough). Mice infected with S-type cells die in just two days, while
nothing happens with type R. Griffith saw, however, that in the case of
injected smooth cells, previously killed using heat, along with rough-type
cells, the infection was still lethal and the bacteria isolated from the dead
mouse were of S.

In order to get more evidence, several types of strain S with different
compositions of the Polysaccharide capsule were injected together with
strain R and the detected bacteria in the killed mice presented that specific
structure (93).

The process was defined as transformation and was explained from a

molecular point of view only in 1944 by Avery, MacLeod and McCarthy at the

59



Tesi di dottorato in Dottorato di ricerca internazionale in endocrinologia e malattie metaboliche, di Alessandro Coppola,
discussa presso I'Universita Campus Bio-Medico di Roma in data 30/10/2017.

La disseminazione e la riproduzione di questo documento sono consentite per scopi di didattica e ricerca,

a condizione che ne venga citata la fonte.

institute Rockefeller in New York after a decade of experiments: they
demonstrated that the phenomenon was reproducible in vitro as in vivo and
that was just the extract of the cells killed by heat to induce transformation.
This was purified and it was seen that it was DNA; later, other researchers at
the Rockefeller Institute showed that other characters beyond the capsular

capability could be transmitted with transformation (94).

"If we are right, and of course that is not yet proven, then it means that nucleic
acids are not merely structurally important but functionally active substances
in
determining the biochemical activities and specific characteristics of cells and
that by means of a known chemical substance it is possible to induce
predictable and
hereditary changes in cells. This is something that has long been the dreams of

geneticists.”

Oswald T. Avery, 1943

The discovery was not accepted unanimously: many scientists believed that
the process of transformation was due to some protein associated with
nucleic acids.

In the past decades the idea that only proteins possessed the structural
complexity to carry hereditary information was widespread; the DNA was

considered only a monotonous chain of four repeated nucleotides.
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Bacterial transduction was discovered by American scientist Norton Zinder
(95) while studying with Lederberg, who already had discovered bacterial
conjugation, on genetic recombination in Salmonella Typhimurium. Zinder
wanted to demonstrate that conjugation could take place in others organisms

in addition to E.Coli.

During the experiments, however, he noticed that mutants were generated
without the need of cell to cell contact as was expected in the conjugation
process.

At that point a transformation process seemed to has been conduct but it was
not inhibited by the use of DNase and the transfer factor seemed like a
bacteriophage.

[t was also shown that the transduction process occurred only with recipient
cells carrying the virus in question on the outer membrane (96).

Zinder and Lederberg coined the term to define any process of genetic
recombination that was fragmentary and did not require cell to cell contact,
then it was used to indicate only a gene transfer mediated by a virus.

The term transfection was coined in 1964 by Foldes and Trautner and
derives from the combination of the two words transformation and infection.
The term transfection is mainly used when we refer to the introduction of
exogenous nucleic acids into eukaryotic cells without the support of viruses;
cells that incorporate DNA are defined transfected. This technique has been
expanded during time thanks to the development of reporter genes, the

ability to make transfections stable and to express transfected DNA.
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Insertion of DNA fragments into eukaryotic cells plays an important role both
in research and in clinical practice, in the field of gene therapy. In fact this
technique is used in vitro to detect regulatory sequences, gene structures and
functions and protein production (97). While in vivo, thanks to transfection,
the production of transgenic animals to be used as models for the
understanding of molecular mechanisms of human pathologies has been
used (98).

In the last year scientists developed many transfection techniques, but during
the process not all cells are transfected, in fact it is very important to start
with a very high number of cells because the process itself is inefficient, only
a small percentage of them can receive DNA, and an immortalized cell line
free of contamination is needed.

Transfer in non-viral transfections occurs via a carrier that needs to have
three fundamental features: origin of replication, region where it begins DNA
replication, multi cloning site, needed to insert the DNA of interest, and
selection markers, which allows the operator to let only transfected cells to
grow.

Two types of transfections can be performed:

- Transient: genes are expressed by the receiving cell for a limited time,
usually 24-96 h; It is useful for short-term experiments.

- Stable: cells incorporate exogenous DNA into the genome, so it is possible to

isolate and propagate transfected clones.
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As a general mechanism, transfection needs to neutralize or overstep the
negative charges of cell membrane to allow DNA, as a negatively charged
molecule, to entry into the cell.
Different methodological approaches can be classified into three categories:

e Chemical methods,

e Physical methods and

e Viral methods.

CHEMICAL METHODS

Chemical methods include:
e Dietiloamminoetile (DEAE)
e (alcium Phosphate
e Activated dendrimers
e Magnetofection

e Liposomes

[ will focus on the liposome technique that was the one used for the

experiments.

LIPOSOMES

The term liposome refers to a layer of lipids that, in a liquid fluid, forms
colloidal particles (99); for the first time in 1980, artificial liposomes were
created to transfer DNA into the cells (100). Next, synthetic cationic lipids

have been developed (101) in which the part of the head is associated with
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the phosphate groups (negatively charged) of nucleic acids. These are often
mixed with neutral lipids such as L-dioleoyl phosphatidylethanolamine
(DOPE) that increase the capacity of gene transferring of cationic lipids (102,
103).

The lipid-DNA complexes merge with the cell membranes and release
spontaneously their content in the cells. Following its internalization, the
complex takes place first at endosomal stage and then at a nuclear stage. The
DOPE is considered a "fusogenic" lipid allowing both the release of complexes
from endosome and facilitating the fusion of lysosoma / nucleic acid complex
with the outer membrane of the cell.

This technique has high efficiency and is effective with cell types that are
resistant to DEA and calcium phosphate. Moreover can mediate the transfer
of amount of DNA higher than those brought by viruses, from
oligonucleotides to yeast chromosome (101, 102, 104,105), is able to convey
DNA (106) and proteins (107); can be used for in vivo transfer of DNA and
RNA to animals and humans (108).

Cells transfected with this method integrate the exogenous DNA within the
chromosomes or keep it as episoma. An example of liposomes are

lipofectamines.
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PHYSICAL METHODS

They were developed for the first time in the early 1980s, using techniques
that allow direct entrance of DNA into the cytoplasm without the aid of any
tool.
They are:

e Electroporation (which will be explained below)

e Microinjection

e Gene-Gun

Electroporation

It was the first technique used for gene transfer in murine cells (109). At the
moment is one of the most advanced methods used in laboratory because of
its effectiveness even in the most difficult cells to transfect. The cells are
exposed to a high intensity electric field that destabilizes cell membrane: at
this time it becomes highly permeable to molecules that are in the outer
culture field. The electrical pulses produce temporary pores through which
the nucleic acids can enter into the cytoplasm (110). When the electric field is
switched off, the pores in the membrane are closed and the DNA remains
caught inside the cell.

Electroporation requires a sophisticated power supply unit because the
pulses must be precisely controlled and pulses should last for only few

milliseconds.
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Figure 23: Elettroporation effect on cell membrane.

The pulses with which the electric field is applied may be exponential decay
or square waves forms. For this technique effectiveness it is crucial to know
the cellular line that is being handled in order to optimize power, durability
and number of pulses. The right combinations of the various parameters are
needed to allow the carrier to enter without a massive stress for the cell.
Electroporation requires a very high number of cells compared to that
required by chemical-based method. The technique is indeed very invasive
and, even if a high optimization for the cellular type is achieved, a high
mortality is registered and relatively few cells manage to internalize the
carrier.

Overall it is a high efficient, easy-to-perform technique that can be applied to
many cell types and, being not a chemical method, does not alter biological
functions or cellular structure.

There are two parameters that determine the various types of

electroporation: the power of the electric field and time.
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The electric field, E, is measured in volts / cm and describes the electric
environment that it is generated in the room where electroporation occurs.
In the cuvettes used the electrodes are two parallel blades separated by a
distance, d, among which is applied a voltage, V:E = V/d
With time it is considered how much the cells are exposed to the electric field.
If this is applied with exponential decay the duration cannot be set, in the
case of square wave, the time parameter can be set.
The exponential decay pulse is generated by discharging the condenser: the
voltage between the electrodes increases rapidly until reaching a peak and
decays at a time t dependent on the circuit resistance, R, expressed in ohms,
and from its capacity, C, expressed in microfarad, according to the equation:
Vt=V0 [e-(t/RC)]
An impulse of square waves instead comes from blocking this after the
condenser discharge: from a theoretical point of view the same voltage at the
beginning as well at the end of the pulse is achieved, in practice the initial
voltage is always higher than the final one. The wider is the length of
application of the electric field, indicated by T, the more marked is this
difference. Square wave decay is expressed by the following formula:

In (VO /Vt)=t/ (RC)
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Figure 24: To the left, the graph of the exponential decay function. The point 1, on the absciss axis, indicates the time at
which a voltage decay of 37% from the nitial value V0. To the right, the graph showing square wave decay. The difference
between the initial and the final voltage is defined as droop and is described by the formula Droop = (VO - Vt) / VVO.

VIRAL METHODS

Although transfection has always been effective as a technique for gene
transfer, how to use viruses in this field has begun to be evaluated both as an
alternative method and for their possible use in vivo.

Many classes of retroviruses, adenoviruses, lentivirus and adeno-associated
viruses have been

used for the development of recombinant vectors with the aim of obtaining

lines stably transfected (111).

SELECTION MARKERS

In order to verify that exogenous DNA has been inserted in the target cell, a
gene that allows the selection of cells that have incorporated the nucleotide
sequence accompanies the carrier. The gene selection will give resistance to a
certain substance that will be present in the cell culture medium; in this way,
the operator can select positively transfected cells. Selective pressure has a

twofold meaning: on the one hand it is necessary to isolate the small
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percentage of cells that have incorporated DNA at the moment of transfection
(approximately 1 out of 104 cells), on the other hand it allows to obtain a
stable transfection while maintaining the cellular line over time. The most
common selection markers are genes that confer resistance to antibiotics,
such as puromycin and geneticin, G418. Geneticin resistance is conferred by
the aminoglycoside phosphotransferase gene (APH). The Pac gene gives
puromycin resistance that encode for n-acetyl transferrin puromycin. Even
the NeoR gene is very used in plasmids and has the peculiarity to confer
resistance to geneticin, neomycin and kanamycin, all aminoglycosides
antibiotics. While the APH gene is