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Abstract 

 

The present study is focused on the polymorphisms on the gene encoding adiponectin 

(+276G>T) and on the PPAR-γ (Peroxisome Proliferator Activated Receptor) gene 

(Pro12Ala).that were correlated with obesity, insulin resistance and fatty acids levels. 

 

The adiponectin polymorphism was related with insulin resistance on an obese adult 

population but it is also verified that this correlation varies geographically. Studies focused on 

the Italian adult obese population are now available but those dedicated to Italian obese 

children were still missing when this study was started. This study was dedicated to a sample 

of 93 obese children from northern Italy, between 8 and 13 years old which are followed at 

San Paolo Hospital in Milan. The results had shown the same trend verified in the adult 

population: the polymorphism increases insulin resistance (p=0.045 for HOMA*) and it also 

interferes with LCPUFAs (Long Chain Polyunsaturated Fatty acids) distribution (p values 

always lower than 0.05).  

 

The PPAR-γ polymorphism was already proved to exert protection against insulin resistance 

in Italian obese children. However results of the studies carried out in other countries are 

controversial suggesting a possible dependency on diet habits. In the present study it was 

examined PPAR− γ polymorphism incidence and the putative insulin resistance protective 

effect on a PKU (Phenylketonuria) children population. The PKU population is considered 

normal (in genetic terms) in which concerns obesity incidence and it exhibits a very important 

characteristic: the diet is under control. It was then possible to establish a possible 

relationship between PPAR-γ polymorphism, obesity incidence and the protective effect on 

insulin resistance without the environmental random of diet habits. This study’s sample 

population was made of 22 PKU children aged between 8 and 13 years old, also from 

Northern Italy, that are followed at San Paolo Hospital. However, the results are not 

conclusive because the population examined is very small and only two children with 

mutations were found. It is therefore recommended to continue this study in order to increase 

the size of the sample examined.  

 

Keywords: Obesity, Adiponectin, PPAR-γ, Polymorphisms, Fatty Acids, Insulin Resistance. 

 

 

 

 

 

* measure of insulin resistance – Homeostatic Model Assessment  
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Resumo 

 

O presente estudo concentra-se nos polimorfismos +276G>T do gene que codifica para a 

adiponectina e Pro12Ala no gene que codifica para o PPAR-γ que se correlacionam com 

obesidade, resistência à insulina e níveis de ácidos gordos. 

 

O polimorfismo da adiponectina foi já relacionado com a resistência à insulina em amostras 

de populações obesas adultas. Contudo, os resultados não são concordantes entre si 

quando se varia de região geográfica. Foram já realizados estudos na população adulta 

italiana, contudo, até ao início deste estudo, faltava ainda realizá-los na população obesa 

infantil. Este estudo dedicou-se a uma amostra de 93 crianças com diagnóstico de obesidade 

confirmado, provenientes da região norte de Itália, com idades entre os 8 e 13 anos e que 

são regularmente acompanhadas por uma equipa pediátrica do Hospital de San Paolo, em 

Milão. Os resultados obtivos mostraram a mesma tendência verificada na população adulta: 

relação com o aumento de resistência à insulina (p=0,045 for HOMA)*  e interferência na 

distribuição de Ácidos Gordos de Cadeia Longa - PUFAs – ( valores-p sempre menores que 

0,05). 

 

O polimorfismo no PPAR-γ foi anteriormente estudado na população pediátrica obesa do 

Hospital de San Paolo, tendo-se verificado uma acção protectora em relação à resistência à 

insulina em crianças obesas. Mas também neste caso, estudos realizados noutros países 

não revelam os mesmos resultados, fazendo colocar a hipótese de uma forte depedência de 

factores externos, nomeadamente os hábitos alimentares. No presente estudo foi examinada 

uma amostra da população pediátrica afectada por fenilcetonúria (PKU). Esta população é 

caracterizada por ter uma dieta controlada desde sempre, sendo geneticamente equivalente 

a uma população geral em termos de obesidade . É então possível estabelecer uma relação 

entre o polimorfismo Pro12Ala, obesidade e efeito protector na resistência à insulina sem a 

variável ambiental – dieta. A amostra de população para este estudo foi de apenas 22 

crianças em dieta controlada, de idades entre os 8 e 13 anos, provenientes do norte de Itália 

e seguidas também por uma equipa pediátrica do Hospital de San Paolo, em Milão. Contudo, 

os resultados obtidos não são conclusivos uma vez que a amostra é ainda pequena e foram 

encontrados apenas 2 casos de mutação. É sugerida a continuação deste estudo por forma a 

aumentar a amostra de doentes examinados.   

 

Palavras Chave: Obesidade, Adiponectina, PPAR-γ, Polimorfismos, Ácidos Gordos, 

Resistência à Insulina. 

 

 

 

* índice usado para medir a resistência à insulina – HomeOstatic Model Assesment ) 
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1. Background 

1.1 Childhood Obesity 

 

1.1.1 Definition  (1)  

 

As the weight and height change throughout childhood, the cutoff points of any measure used to 

define obesity must be age and gender dependent. Among children and adolescents, weight for 

height, body mass index (BMI), and triceps skin fold demonstrate comparable correlation 

coefficients with fat as a percentage of body weight. The body weight can be directly measured 

by underwater weighing - This method weighs a person underwater and then calculates the lean 

body mass (muscle) and body fat. (2) Instead of being measured it can be calculated using an 

appropriate formula. 

 

The formula used to calculate BMI is on Equation 1.1: 

 

BMI = weight in kilograms/ height 2 in meters           (Equation 1.1) 

 

This equation was developed in the early 19th century by the celebrated Belgium mathematician 

Adolphe Quetelet, who used that formula on a pioneering research on population statistics. 

 

However this equation depends on patient’s gender and age and so should be standardized. This 

happens with BMI z-score, which is calculated according to equation 1.2. 

 

( / ) 1LBMI M
zscore BMI

L S

−− =
×

   (Equation 1.2) 

 

The parameters L, M and S are the corrective ones, tabled according to sex and age (tables A1 

and A2, of annexes).(3) 

 

1.1.2. IOTF and WHO international standard (4) 

 

The IOTF (International Obesity Task Force)´s international standard for analyzing childhood 

overweight and obesity data has been widely adopted. It consists on growth curves witch relates 
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cutoff points for different age groups. The IOTF method enables more realistic comparisons to be 

made between data from different countries. 

 

The WHO (World Health Organization) classification is presented on table 1.1. 

 

Table 1.1.  – Status of weight and BMI level 
BMI Status   

< 18,5 Underweight   
18,5 – 24,9 Normal range 

  
25 – 29,9 Pre-obese   

>30 Obese   
30 – 34,5 Obese class I Overweight 
35 – 39,9 Obese class II   

>40 Obese class III   
 

 

 

1.1.3. The Global problem (4) 

 

Mostly in developed countries, Childhood Obesity is already an increasing problem of public 

health, being also considered a new epidemiology of the modern society. Recent studies, focused 

on children and adolescents have shown that it is growing too fast in many countries. That 

reveals the need to act urgently by adopting wide range and effective strategies to reverse the 

trend in overweight and obesity and prevent chronic diseases as diabetes type 2 and heart 

disease. The concern is not only with future adults with health problems but mostly because the 

young people themselves begin to develop “diseases of old age”. 

 

This problem is increasing and in some cases this increase tends to accelerate too rapidly, as it 

can be observed in the English and Polish case, on Figure 1.1. This figure shows the accelerating 

rates of overweight levels of 5-11 years old children from seven European countries, and also 

from USA (United States of America). USA was included for reference to highlight. In many 

countries this difference corresponds to 10-15 years, but this gap is getting smaller as some 

European countries are demonstrating a very quick increase. 
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Figure 1.1 –  Prevalence of overweight children between 5 and 11 years old, in Europe (4) 

 

 

The IOTF estimates that one in five European children is now overweight. It is also said that 

every year 400,000 children become overweight. Adding this number to the 14 million who are 

already overweight, including at least 3 million obese, it can be easily understood that this is a 

problem of huge dimension. 

 

1.1.4 The Mediterranean problem (4,5) 

 

In Europe, the problem is stronger in the southern part of the continent. In islands like Malta, 

Sicily, Gibraltar and Crete and in countries like Portugal, Italy and Spain levels of overweight and 

obesity of 30% in 7-11 years old children have been reported. The reasons for this north –south 

gradient are still unclear, as the Mediterranean diet is supposedly healthier, contributing to lower 

overall mortality. The author suggests that this fact can be related to the sedentary life style of the 

new generation, as well as the increase of fast food eating in countries that are not used to and 

so not so well adapted to such a type of food. The increasing lack of a good and complete 

breakfast is also a reason to this food imbalance. 

 

Although in a not so severe form, Northern and Central Europe and other countries from 

Southern Europe, also have a problem on that matter. In fact, England, Ireland, Cyprus, Sweden 

and Greece reveal levels above 20%. And countries like France, Switzerland, Poland, Czech 

Republic, Hungary, Germany, Denmark, Netherlands and even Bulgaria reported overweight 

levels of 10-20%, in the same age group.  
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For the age group immediately above: 13-17, the data available is less, but still indicates 

overweigh and obesity levels above 20% with Create peaking at 35%.  

1.1.5. The Evolution (4) 

 

In Figure 1.2 a comparison of population surveys over time charting annual changes in 

prevalence is shown. The annual increases are razing since the 70’s: 0.2% during the 70’s, 0.6% 

during the 80’s and up to 0.8% in the early 90´s, achieving 2.0% by the 2000’s. 

 

 
Figure 1.2 – Changes in prevalence of childhood overweight in Europe among the years (4) 

 

For children aged 7-11 the position of Portugal and Italy in the percentage of obese and 

overweight European ranking are shown in Figure 1.3. And it can be easily understood why it is 

so important the dedication to solve this problem in these two countries. 

 

 
Figure 1.3  - European ranking for overweight in children (4) 
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1.1.6. Beware of prevalence comparisons across time and space (6) 

 
 

Comparisons and trends are difficult to identify for the following reasons: 

 

� Different definitions are used for overweight and obesity. Body Mass Index (BMI) is the 

base of most common estimate of body fat. Sometimes, and because it is thought to be 

more closely associated with morbidity and mortality,  waist-hip ratio is used. 

� Studies report statistics for different groups, defining childhood/adulthood differently, 

making comparison of figures difficult.  

�  Figures are not always age standardized, and prevalence will be affected by the age 

structure of the sample and population.  

� Some countries are more updated in data than others. This can misguide the 

comparisons especially in light of the widespread upward trend in prevalence. 

� The quality of data is not always the best – height and weight are sometimes only self-

reported and samples are not always large enough or even representative of the 

population. 

 

1.3.7. Difficulties to childhood data (6) 
 
 

� Defining obesity is more difficult in children. Some studies use Cole et al’s (7) cut-offs 

which represent adult BMIs of 25 and 30 extrapolated back in age and are based on 

international data. Other studies use national reference charts defining obesity as the 95th 

or 97th percentile. Health Survey for England data reveal startling disparities between 

estimates using different definitions.  

 

The IOTF, the main source of international data, uses and recommends the international 

cut-offs. The children BMI analysis is done on a graphic like it is done on figure 1.4 and 

the graphics used for this study can be found in figures A1 and A2 from annexes. 
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Figure 1.4  - Analysis to a BMI graphic, according to Cole (figure from (8)) 

 

� Differences in the rate/timing of adiposity rebound, growth and sexual maturation can 

mislead the relationship between BMI and adiposity. 

 

In order to avoid some of these problems Lobstein and Frelut’s made some criteria for the 

inclusion of studies, such as: 

 

� Defined overweight by Cole et al’s international BMI cutoffs 

� Used measured (not self-reported) height and weight 

� Used a representative sample 

� Had been peer-reviewed 

 

1.3.8.Different data problem (2) 

 

It is suggested from the Food and Agricultural Organization of the United Nations (FAO) data on 

food availability that southern Europe’s diet is generally healthier than those in the north, as it 

represents the consumption of less sugar and saturated fat and more fruit, vegetables and 

cereals. However, BMI data suggest that childhood overweight is especially common in southern 

and eastern European countries. 

 

Most data available on European obesity prevalence is produced by the IOTF. This organization 

has the target to prove obesity as a major public health problem. But this should not be a reason 

for its data to be put in cause. In fact, Health Survey for England data revealed to be very similar 

to the IOTF’s. Therefore, IOTF figures do not consistently overestimate obesity or overweight 

prevalence compared to other data.  
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Still, international comparisons can not be very well done once the way in each data was 

collected is always different. 

 

 
1.1.9. Case studies – France and Finland  (6) 

 

 
� France 

 

Although France has a diet richer in saturated fat than even the Americans, the French mortality 

rate from heart disease is substantially lower.  

 

This paradox can be related the protective effect of “wine-drinking”, a typical French habit. 

However this can not explain why France‘s obesity prevalence is the lowest in Europe, at about 

10%, compared to United Kingdom (UK)’s 22% and the US’s 33%. 

 

Another popular explanation concerns the food-related attitudes and practices of the French. In 

fact, food is culturally very important to French like a social and enjoyment event and there is a 

relatively unimportance of dieting in France. This means that it is probably less common eating 

processed food and snacks in France than it is in other countries like USA. It may also have to do 

with the idea of quality-not-quantity, witch means that in terms of weight, in restaurants, 

supermarkets and cookbooks the portions found are smaller. Also, the McDonalds habit is a lot 

lower in France that it is in USA or in other European countries. 

 

It has also been said that the French life style is rich in physical activity, but this argument did not 

receive enough attention.  

 

All of these considerations are in fact, just that – considerations. Much more research is needed 

to justify all this. In fact, the explanation should not be that simple, it should matter more than a 

simple daily calorie consumption. Other explanations could be related to the distribution of calorie 

intake throughout the day, the variety of foods consumed and the ratio of macronutrients in the 

diet. There is also a problem: the danger of automatically attributing the paradox to any diet or 

physical activity. The more complex the origin of the paradox, the more difficult it will be to 

implement the secret of France’s success.   
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� Finland 

 

To respond to a high mortality rate from coronary disease in the early 1970s, the Finnish 

government, in collaboration with the World Health Organization, set up an intervention at the 

community level in North Karelia, which aimed to improve the population’s blood pressure and 

cholesterol by: 

 

� Reducing saturated intake  

� Increasing fruit and vegetable consumption  

� Reducing salt intake 

 

The measures were implemented nationwide as the results were very successful. The strategies 

used were: The media influence, Education, Mass catering and guidelines, Health care sector, 

Legislation and other government policies. 

 

 

This intervention has been evaluated mainly in terms of: 

 

� Trends in the consumption of full-fat dairy products and saturated fat, which have been 

favorable  

� Changes in the population’s cholesterol levels, blood pressure and mortality from heart 

disease, which have all decreased. 

 

Additional data also suggest favorable trends in obesity rates. The rise in obesity between 1980 

and 1991 was much smaller than in the UK (1-4%, to the UK’s 7%). IOTF figures show that 

Finland has almost the lowest prevalence of childhood overweight/obesity in Europe, at just 13% 

(compared to the UK’s 27%). However obesity levels are still rising in Finland, despite quite 

radical improvements in diet, possibly because physical activity levels have continued to fall 

significantly. 

1.1.10 Obesity consequences (10) 
 

Obesity can also be a cause for cancer . Actually, statistically, some tumors are more frequent in 

obese people than in non-obese. This is so real, that obesity has already been considered one of 

the most important risk factors for cancer not related to smoke. In no-smoking people, 10% of 

deaths for cancer are correlated to obesity. Overweight and physical inactivity are responsible for 

25-33% of breast, colon, endometrial, kidney and esophageal cancers. The pathogenic 
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mechanisms are not very well explained yet. But it is thought that, for instance, an increase of the 

gastric reflux, as a consequence of the endo-abdominal pressure caused by obesity, can 

contribute to esophageal cancer. Colon cancer on its side has been related to the fact that obese 

people presents high levels of fatty acids and hyperinsulinemia. Breast cancer is related to obese 

post-menopause women through the free estrogen levels because of the peripheral conversion of 

the sexual hormones from the aromatics from adipose tissue that takes a reduction of sex 

hormone binding globulin (SHBG). These changes are also the probable cause of endometrial 

cancer and also the responsible for the relationship between obesity and prostate tumor. 

 

A high concentration of estrogen interferes at the feed-back regulation between hypothalamus 

and pituitary changing the normal reproductive ovary function – like non-ovulated cycles in obese 

women. In fact, obesity is one of the known cases for primary infertility . In men, is also known a 

relationship between overweight, sexual dysfunction  and sterility .  Sexual hormones changes 

can justify female hirsutism (increase of hair growth in women in locations where the occurrence 

of terminal hair normal is minimal or absent) and polycystic ovary syndrome (PCOS) which is 

characterized by insulin resistance and hyper-androgenism of estrogenic origin. This last origin 

has to do with adipocitary aromatase. This syndrome responds very well to the decrease of fatty 

acids in the diet besides the insulin sensitively therapy.  

 

Obesity is also a risk factor for pregnancy . Overweight women take more time to recover in 

hospital and also suffer more frequently of pre-eclampsia and gestational diabetes and others 

important consequences for mother and child.  

 

Respiratory diseases  are also very common in obese people. Fat accumulation in the abdomen 

and thorax reduce the pulmonary vital capacity.  

 

Overweight brings inevitably the degenerative pathology of thick articulation , particularly on 

those ones who use to be under effort, like the knees. It had also been reported a relation with 

carpo-metacarpale primary arthrosis. This is co-relatable with metabolic pathology like 

hyperuricemia  (high level of acid uric in blood) and gout  (also called metabolic arthritis, that is a 

disease due to a congenital disorder of acid uric metabolism in which uric acid crystals are 

deposited on the articulate cartilage of joints, tendons and surrounding tissues due to elevated 

concentrations of uric acid in blood) in cases of excess protein consumption.  

 

The most common liver condition is non alcoholic hepatic steatosis , one NAFLD – Non 

Alcoholic Fatty Liver Disease. This is actually becoming one of the most frequent causes of 

hepatic cirrhosis in developed countries in absence of viral infection or alcoholic abuse. It varies 
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between intra-hepatic fatty accumulations (NASH – Non Alcoholic Steatohepatitis) to 

criptogenetic cirrhosis. This happens in obese, diabetic, dislipidemic and hypertensive patients in 

a more intensive way.   

 

The more common examination done is ultrasound, to watch the hyperechogenicity  of fat 

increase of the liver (explanation more developed below).  

 

There is also a relationship, already verified, between obesity and occurrence of insulin 

resistance  which will latter be better explained in this work.   

 

1.1.11 – Obesity statistics in Italy and Portugal 

 

36% of Italian children, between 8 and 12 years old, have obesity. These numbers make Italy the 

first country in industrialized Europe on childhood obesity. Marcello Giovannini, the director of 

pediatric clinic of San Paolo Hospital in Milan, has the opinion that the decrease of breast feeding 

in the first 12 months of life can contribute to that, once the substitute milk can cause a protein 

excess. (11) 

 

One in each three Portuguese children, between 7 and 9 years old (31,56%) are overweight 

(20,3%) or obese (11,3%), according to Cristina Padez, from Faculdade de Ciências e 

Tecnologia of Universidade de Coimbra, Portugal, on a study realised between October 2002 and 

June 2003, with 4511 children. (12) 

 

 More than 90% of the obese Portuguese children have, besides overweight, another 

cardiovascular risk factor associated. At least 44% can add to obesity a high arterial pressure 

and cholesterol levels above the normal. The primary consequence of this is the probability of 

suffering a heart attack about the age of 40. Adding this to the fact that 80% of obese children 

become obese adults, Childhood obesity is obviously an urgent question of public heath. (9) 

 

1.1.12 Prevalence in girls (5) 

 

A higher accumulation of fat can be observed in girls, especially when they begin puberty. 

Besides that, boys usually have more physical activity, like playing football or other sport in their 

leisure times. 
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1.1.13. The importance of hepatic hyperechogenicity  and fatty acids (13) 

 

Hepatic steatosis is the accumulation of lipids in the hapatocyte. It is not considered pathologic 

until it represents 5% of the weight of the liver. Lipid’s accumulation is generally made of 

triglycerides and not so often of sphingolipids or cholesterol esters. The form and dimensions of 

these lipidic deposits varies if it is a chronic or cumulative disease.   

 

There are two types of Steatosis: Macrovesicular and Microvesicular. The first one is more 

common than the second and is the one that is associated with obesity and insulin resistance 

(and other disorders). The liposis is the accumulation of abnormally large amounts of fat in the 

body and lipogenesis is the name for the process of producing lipids  from smaller precursor 

molecules and the macrovesicular steatosis is caused by the shift of the liposis against 

lipogenesis and so the intra hepatic accumulation of lipids.  

 

The free fatty acids (FFA) that are transported to the liver derives from plasma hydrolysis of 

chylomicron (lipoproteins of lower density and bigger diameter), after every meal or from 

triglycerides from adipose tissue in fasting. The lipoproteinlipasis that inhibits insulin is stimulated 

by catecholamine (adrenaline and noradrenaline), glucagons (hormone involved in carbohydrate 

metabolism that is produced by pancreas and should maintain the glucose concentrations on 

blood) and growth hormone. In the liver, the fatty acids can be oxidized at the mitochondria (beta-

oxidation) or can be used to triglyceride’s, phospholipids and cholesterol’s esters synthesis.  An 

increase of FFA capitation at hepatic level can be caused by: an increase of lipids or 

carbohydrates intake on diet; an increase of circulating levels of FFA (in obese people, for 

instance); a bigger mobilization of triglycerides in presence of one reduced sensitivity of tissues’s 

receptors of insulin action – insulin resistance. 

Microvascular steatosis on the other side is more related with acute change in mitochondrial and 

ribosomal function.  

 

In studies made on adult population hepatic steatosis is in about 23% of overweight patients and 

arrives to 90% in patients with a weight higher than 70% of ideal weight.  

 

In children and adolescents it is also found hepatic steatosis, most of all in males at puberty, but 

there are not a lot of studies on that. In pediatric population, NASH frequency is about 17%.  And 

a little bit higher in obese children. 
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1.1.14 Metabolic Syndrome and importance of triglicemia and cholesterol levels (14) 

 

The Metabolic Syndrome is a clinical occurrence very usual in adults. It is characterized by the 

concomitant presence in the same patient of insulin resistance, glucose intolerance, dyslipidemia 

and hypertension.  

 

A child that is affected by severe obesity can develop, in time, the expected metabolic disease. 

However, the milder forms of symptoms are more common. 

 

In adolescents it is always important to evaluate the location of adipose tissue, as some studies 

had evidenced that there is an association between android obesity and plurimetabolic syndrome.  

 

Obese children usually present higher levels of FFA than normal weight children and this is one 

of the reasons for the lack of capacity of insulin to inhibit glucose in blood circulation. 

Triglycerides levels are higher because of the higher availability of the precursors at hepatic level 

with the increase of VLDL (very low density lipoproteins) production. The remove of VLDL from 

blood circulation is decrease thanks to lipoprotein lipase reduced activity. So there is a high 

concentration of VLDL that allows the increase of LDL synthesis. The lower activity of lipoprotein 

lipase also stimulates HDL synthesis.  

 

Usually, in obese children the average values for total cholesterol and triglycerides are not higher 

than in non-obese. However the ratio HDL/LDL is, like in adults, a little lower. 

 

Hypertension it is not common in children even if obese. But the values of blood pressure are 

superior in obese population than in the control one.  

 

In adults, insulin resistance and hypertension are associated. The mechanism that makes insulin 

increase the values of systolic blood pressure is sodium retention effect. Insulin also stimulates 

sympathic nervous system, by increasing the levels of norepinephrine (precursor of apinephrine, 

principal transmitter of most postganglionic sympathetic fibers and of the diffuse projection 

system in the brain arising from the locus ceruleus).The expansion of extra-cellular volume, 

together with the increase of cardiac contractility and vasoconstrictor effect of neopinephrine 

leads to increase of pressure. 

 

Every metabolic complication of obesity in children is reversible, if not completely at least a part of 

it, if the child decreases weight. This results are better if the lost of weight is moderated.  

 



 13 

1.1.15 – Insulin Resistance (15,16,17,18) 

Insulin resistance is a common pathologic stage in which the target cells don’t have enough 

response to normal insulin levels in circulation. This concept has to do with the all biological action 

of insulin: growth, development, glucidic, lipidic and proteic metabolism, endothelial function and 

genetic expression.  

The molecular causes known for insulin resistance can be: 

� Mutations or pos-translation changes in IR – insulin receptor – or his effector molecules  

� Defects in insulin bounds at IR level or at pos-receptor level 

� Decrease of kinase activity at IR level with eventual mutations on IR gene. 

� Increase of TNF (Tumor Necrosis Factor) -α expression, GLUT4 translocation and 

eventual mutations on PPAR- γ  molecules 

The base of these changed cellular processes has always a genetic and environmental 

component, especially through free fatty acids action. 

GLUT4 is the insulin-regulated glucose transporter found in adipose tissues and striated muscle 

(skeletal and cardiac) that is responsible for insulin-regulated glucose disposal. 

TNF-α is a pleiotropic (when a single gene influences multiple phenotypic traits) inflammatory 

cytokine. Most organs of the body appear to be affected by TNF-α, and the cytokine serves a 

variety of functions, many of which are not yet fully understood.  The cytokine possesses both 

growth stimulating properties and growth inhibitory processes, and it appears to have self 

regulatory properties as well. 

Insulin resistance can be a transitory or definitive condition and can be associated to: puberty, 

pregnancy, menopause, obesity, diabetes type 2 and others.  

The concept of insulin resistance is the same of decrease of insulin sensitivity. The first approach 

on that was made by Himsworth and Kerr in 1939 to define the relationship between deficient 

glicemic responses to exogenic insulin found on an obese group with diabetes.  

It was first demonstrated that obesity induces an increase of insulin resistance, which on its turn 

will increase the secretor stress of pancreatic β-cell conducing to its insufficiency and exhaustion. 

This hyperinsulinism was found to be independent of body’s location and to be a good marker of 

pre diabetic stage.  
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Generally there can be considered two different methodologies to measure insulin sensitivity: after 

a dynamic stimulation or in basal conditions. There are also different ratios that allow an 

evaluation of that sensitivity, the one used on the present work was HOMA - Homeostatic Model 

Assessment 

HOMA is calculated by the equation 1.3: 

. ( / ) . ( / )

22,5

basal glycemia mmol L basal insulinemia U ml
HOMA

µ×=            (Equation 1.3) 

 

High values of HOMA are associated to a high insulin resistance. Normal levels of HOMA are 

considered between 2,06 0,14± .  

 

There are two more very important concepts associated to insulin resistance: glycemia and 

insulinemia. Glycemia is the f glucose  concentration in the blood . It has everything to do with 

insulin resistance once insulin’s main role is degrading glucose and when it is not “working well” 

the levels of glucose in the blood remain high. It is can be expressed in milligrams per deciliter 

(mg/dl) –units used in Italy and Portugal systems - but also in (mmol/dl). nsulinemia is an 

abnormally large concentration of insulin in the blood, which means that it was not consumed in 

glucose degradation and therefore that this process is not occurring well. 

 

Types of diabetes 

 

There are three different types of diabetes:  

� Type I  - insulin dependent and often called juvenile onset  diabetes.  

� Type II  - non-insulin dependent and often called adult onset .  

� Gestational diabetes .  

Type 2 diabetes is the most common form of diabetes. In this type of condition either the body 

does not produce enough insulin or the cells ignore the insulin action. If the insulin action is 

inexistent or not enough the glucose levels in blood become too high and into the cells too low.  

 

The more important consequences of that are: 

 

� The cells may be starved for energy.  

� Over time, high blood glucose levels may affect eyes, kidneys, nerves or hears 
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It is true that diabetes occurs in people of all ages and races; however some of these groups 

have a higher risk for developing type 2 diabetes, than others. Between them are African 

Americans, Latinos, Native Americans, and Asian Americans/Pacific Islanders, as well as the 

aged population. It is also associated with obesity. It is a lifestyle-dependent disease with a strong 

genetic component (the concordance in twins is 80-90%). The problem with this condition 

appears to be not related with insulin production but with insulin correct operation when it reaches 

its target cells. Initially, patients have high insulin levels along with blood sugar. It is the sugar 

signals the pancreas to release insulin that seems to not working properly. Consequently the 

pancreas will soon not make enough insulin.   

 

Type 1 diabetes is not so common but once it happens it is more dangerous than type 2. In 

people with type 1 diabetes, the pancreas no longer makes insulin. The beta cells have been 

destroyed and they need insulin shots to use glucose from meals. People affected with Type I 

diabetes develop antibodies and auto-immunity to pancreatic insulin-producing b-cells. Studies 

made in twins have shown  a minimal concordance for Type I, therefore the inheritance factor of 

Type I is almost inexistent. I is believed that a combination of environmental factors and, 

probably, viral antigens are responsible for Type I diabetes.  

 

 

Figure 1.5 –Diagram about healthy cells and cells affected by Type 1 and 2 diabetes, adapted from (16) 

 

 

Gestational diabetes  is a type of diabetes that starts during pregnancy.  

Gestational diabetes affects about 4% of all pregnant women and it usually begins in the fifth or 

sixth month of pregnancy (between the 24th and 28th weeks). However, in most of the cases, 

gestational diabetes goes away after the baby is born. 
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1.2 Genetical Approach  (19) 

 
 

1.2.1 Family history 

Family history presents a crucial role in clinical genetics. If well obtained and interpreted, it is one 

of the most useful and accessible tools available to physicians who have to deal with patients with 

genetics diseases.  

 

Family history is an aid to reaching a correct diagnosis. An illustrative case is this: “a 26 years old 

woman who sought medical attention because of a breast lump. Her physician recommended that 

she return in 6 months for a follow-up examination; the physician did not seriously consider breast 

cancer because of her young age. Four months latter, she again sought medical attention 

because of severe back pain, which proved to be the result of bone metastases from her breast 

cancer. Family history, subsequently obtained, revealed that one sister had died at age 26 of 

metastatic breast cancer and another sister had undergone bilateral mastectomy for breast 

cancer at age 28 years. Obtaining this simple family history would have alerted the physician to 

consider seriously the diagnosis of breast cancer and to pursue appropriate studies”. 

 

Another reason for the family history’s importance is to help determine an accurate prognosis. But 

the most important reason may be the use for pre-symptomatic diagnosis of genetic disease and 

the prevention or avoidance of clinical disease. An adequate interpretation of this information can 

offer genetic counseling to individuals or families at risk as well as allows a diagnosis and therapy 

of genetic diseases. Specifically, it allows the physician to concentrate intervention in a small, 

defined population at high risk. This opportunity also involves a responsibility to extend medical 

services beyond the individual patient to other family members at risk of disease.   

 

The process of taking a family history must follow these seven steps: 

 

1. Make it relevant to the “present illness” 

2. Ask about early-onset preventable diseases  

3. Specifically ask about all first-degrees relatives 

4. Ask about informative relatives  

5. Record racial and ethnical background 

6. Inquire about consanguinity  

7. Keep it updated 
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In fact, to obtain a family history it should be first asked about the same or related diseases found 

in the index case or patient. This is really more useful than ask about a list of diseases of familiar 

tendency. An exception, must be asking about preventable or treatable diseases like 

hypertension, early coronary artery disease, early onset cancer or multiple family members 

affected with cancer (especially breast and colon), or greater than average risk for common 

diseases such as hypertension, coronary artery disease and cancer.  

 

It also must be questioned about first degree relatives (parents, siblings and children) who share 

50% of their genes with the index case. It must be asked the age and state of health and if they 

have died, the age and cause of death. It must specifically be asked about infant deaths because 

these are sometimes not reported and it also can be useful the information that some relatives 

have not been affected.  

 

Although it may seem useless it is also off some relevance ask about ethnical and racial 

background in the family as some genetics diseases have shown to have striking differences in 

their frequency between different ethnical and racial groups. 

 

The consanguinity must also be questioned and it is obvious that any new and relevant 

information about all of this must be told to the doctor. 

 

1.2.2 Genetic Counseling (19,20) 

 

This is a process of communication with the intent to help individuals and families with a genetic 

disease - or at risk of it – with information about their condition and explore the personal 

consequence of this information and provide information that will allow couples at risk to make 

reproductive decisions. It deals with human problems associated with occurrence, or the risk of 

occurrence, of a genetic disorder in family. This process requires the intervention of one or more 

appropriately trained persons to help the individual or family to: 

 

� Comprehend the medical facts, including the diagnosis, probable course of the disorder, 

and the available management  

 

� Appreciate the way hereditary contributes to the disorder and the risk of recurrence in 

specified relatives  

 

� Understand the alternatives of dealing with the risk of recurrence  
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� Choose the course of action that seems to them appropriate in view of their risk, their 

family goals, and their ethical and religious standards, and to act in accordance with that 

decision 

 

� Make the best possible adjustment to the disorder in an affected family and/or to the risk 

of recurrence of that disorder. 

 

To do an appropriate Genetic Counseling, one should have in mind the following items: 

 

1. Known or suspected hereditary disease in a patient or family  

2. Births defects 

3. Mental retardation 

4. Advanced maternal age 

5. Family history of early onset cancer 

6. Recurrent pregnancy loss 

7. Teratogen* exposure  

8. Consanguinity 

 

On the other hand the information that should be conveyed in genetic counseling consists in: 

 

� The magnitude of the risk of occurrence and recurrence  

� The impact of the disease on the patient and the family  

� The possibility of modification of either the impact or the risk 

� Anticipated future developments 

 

 

 

 

 

 

 

 

 

 

 

*any medication, chemical, infectious disease or environmental agent that might interfere with the normal 

development of a fetus.  
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Genetic Counseling and pediatrics (21) 

There are children who were born with differences in body structure, brain development, school 

performance, and/or social interaction. For these children there are pediatric geneticists trained to 

identify the causes and natural history of these disorders. These doctors can suggest tests and 

treatments that can help in child’s condition and also help the families to understand the 

hereditary of same diseases and offer testing to family members who may be at risk too. A 

pediatric geneticist should diagnose, counsel and treat families. The problems that they should be 

able to solve are such as: 

 

� Birth defects – physical differences present at birth causing a health problem  

� Conditions with one or more birth defects (Williams syndrome, Down Syndrome, etc) 

� Conditions that can cause disabilities ( like fetal alcohol syndrome,) 

� Inborn errors of metabolism (like phenylketonuria) 

� Familial or hereditary problems (like hypercholesterolemia) 

� Short or tall stature (significantly below or above normal range) 

 

1.2.3 The impact (19) 

 

Without understanding the impact of the disease the magnitude of risk may have no relevance. 

The impact of the disease is related to the clinical, financial, social and emotional burden 

experienced by the patient and/or his family. The genetic counseling must include an open 

discussion of the natural history, medical management and prognosis of the condition, as well as 

recognition of its psychological, financial and insurance implications. 

 

Obviously, the impact of the condition will depend not only on its severity but also on the patient 

himself as well as his family behavior. 

 

What can be changed? 

 

It is already possible, for quite a number of diseases to modify the impact and also the risk of 

recurrence through specific treatment or genetic testing. If it is possible a treatment or prevention 

then the impact of the disease will be a little soft, although still existent. When a condition can be 

diagnosed prenatally, the geneticist can change a probability statement about recurrence risk to a 

certainty as to whether the fetus is affected or not. Of course the availability of support groups, 

educational and community resources and reproductive options and assisted reproductive 
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technology has a positive impact in families’ attitudes and reactions and also reproductive 

decisions.   

 

1.2.4 Anticipating the Future(19) 

 

Comparing to some years ago, it can be said that a lot of diseases that couldn´t even be treated 

can now be found by a prenatal diagnosis. The genetic counselor should do an estimative about 

what may be available in the near future.  

 

1.2.5 Factors that alter gene frequencies(19) 

 

� Nonrandom mating 

 

On the studying population – the human population – mating is seldom random. Besides this, 

members of a particular sub-population have shown to be more likely to mate with other members 

of that same subpopulation. This affinity can be defined by racial, ethnic, religious, or other 

criteria. For instance, congenitally deaf individuals marry congenital deaf partners more often than 

would be expected by chance. Another form of nonrandom mating is consanguinity – mating with 

close relatives. Although it doesn’t affect allele frequencies it increases the proportion of 

homozygotes in next generations, exposing disadvantages recessive phenotypes to selection. 

The risk will be proportional to the degree of relationship of the parents. This degree of 

consanguinity can be described by the coefficient of relationship (r). This coefficient represents 

the probability that two persons have inherited a particular allele from a common ancestor and 

also the proportion of all genes that are identical by descent from a common ancestor. 

 

� Small populations 

 

Sometimes it can happen a physical and/or social isolation of a group. It can happen for a lot of 

reasons such as political, geographic or religious. The actual frequency in such a small 

population will vary widely from one generation to the next. This phenomenon is called genetic 

drift. There is another phenomenon called founder effect, which consists on the fact that, by 

chance, one allele may fail to be passed on to the next generation and thus disappear from that 

line of descent, leaving only the alternative allele. This effect may account for the high frequency 

of certain rare diseases among genetic isolates.   
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� Selection 

 

Environmental factors can act on a particular phenotype and hence its genotype, positively or 

negatively. It can also be said that selection consists on the consequence of differences in the 

biological fitness (f) of individual phenotypes. This concept of biological fitness isn’t more than a 

measure of fertility and therefore of the contribution to the gene pool of the follow generation. 

Selection can act at any time, since conception to the end of reproductive period. A mutant allele 

may be a “genetic lethal” if it interferes with fertility, even though it causes no illness.  

 

Mutations can be classified from 0 (genetic lethal) to 1 (fitness of the normal allele). Mutant alleles 

encoding autossomal dominant traits are expressed in heterozygotes and so exposed to direct 

selection. A change in selective forces can rapidly alter the allele frequency for a dominant 

mutation.  

 

Selection against mutant alleles encoding autossomal recessive diseases is a very slow process. 

The frequency of heterozygous carriers of rare recessive disorders is much higher than the ones 

affected homozygotly. So the great majority of mutant alleles are carried by heterozygotes rather 

than homozygotes. For a lethal autossomal disease with a frequency of approximately 1 in 

15.000, restoring the biological fitness of the affected homozygote from 0 to 1 would lead to a 

doubling in the gene frequency only after 50 generations.  

 

� Mutations  

 

A mutation is defined as a change in genetic material. It can also be defined a mutation rate – the 

frequency of such change – that can be expressed by the number of mutations per locus, per 

gamete, per generation. Most of the studies of mutation rates come from studies of rare 

autossomal dominant traits for which it is much easier to estimate mutation rates than for 

recessive traits.  

 

To calculate the mutation rate, for rare autossomal dominant rates, it should be used equation 

1.4. 

 

µ = n/2N         (Equation 1.4) 
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Where n is the number of affected patients with unaffected parents and N is the total number of 

births. The number 2 preceding the N means that mutations of both alleles at an autossomal 

locus can result in a mutant phenotype. Locus heterogeneity and decreased penetrance* in an 

affected parent may both lead to erroneously high estimates of mutation rate. 

 

 

� Migration and Gene Flows 

  

Changes in allele frequencies can be caused by migration of population and/or intermarriage 

between different ethnical groups, by a phenomenon called gene flow. 

 

 

1.2.6 Polymorphisms (19) 

 

At many human loci, two or more alleles occur with appreciable frequency in the same 

population. The occurrence of two or more genetically determined alternative phenotypes in a 

population, at such a frequency that the rarest could not be maintained by recurrent mutation 

alone, is called a polymorphism.  

 

A genetic locus is considered polymorphic if one ore more of the rare alleles have a frequency of 

at least 0.01, with the result that heterozygotes carrying this allele occur at a frequency greater 

than 2%. More than one-third of human genetic loci coding for proteins that have been studied 

have been found to be polymorphic.  

 

Polymorphisms can also be useful for mapping the human genome as they represent markers of 

genetic diversity. 

 

� Genetic Diversity 

Polymorphisms in human genome allow multiple combinations of alleles at different loci and what 

brings a huge genetic diversity in the population and the genetic own identity of each individual. 

This diversity is thought to account for anomalies in genetic susceptibility to a variety of diseases 

like insulin resistance. 

 

 

* frequency of expression of an allele when it is present in the genotype of the organism 
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� Multifactorial inheritance (19,22) 

 

Simple Mendelian traits are one of the forms to inherit a disease, as well as abnormalities in 

chromosomes but in the majority of adult diseases, like diabetes or hypertension, the cause is not 

any of them but for multi factors – polygenic diseases. 

 

Polygenic diseases are those ones caused by the impact of many different genes. Each one of 

these genes have a limited individual impact on phenotype. So, these diseases, as multifactorial 

that they are, consist on the result of the interplay of multiple environmental factors with multiple 

genes. This kind of diseases are more often caused by quantitative than qualitative malformations 

and are usually distributed continuously in the population and by a Gaussian frequency 

distribution line, as can be seen in the example of figure 1.1. 

 

 

 
Figure 1.6 – Frequency distribution of systolic blood pressure determined by a two locus two allele 

model(19) 

 

� Polymorphisms identification (23) 

 

When a polymorphism is not yet known it should be applied the RFLP (Restriction Fragment 

Length Polymorphisms) technique  

  

This technique use restriction enzymes to cut DNA (Deoxyribonucleic acid) at specific points. The 

target is to obtain a collection of DNA fragments of precisely defined length. that can be 

separated by electrophoresis - with the smaller fragments migrating further than the larger 

fragments. One or more of these fragments can be visualized with a probe — a molecule of 

single-stranded DNA that is complementary to a run of nucleotides in one or more of the 
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restriction radioactive (or fluorescent) fragments. If probes find a complementary sequence of 

nucleotides in DNA’s test sample, they bind to it by Watson-Crick base pairing identifying it.  

 

Polymorphisms are then, these inherited differences found among the individuals in a population.  

When a polymorphism is already known it is enough to do a sequencing test like it was done on 

the present work and lately explained on methods. 

 

1.3. Long chain fatty acids 

 

A fatty acid is a carboxylic acid that sometimes can present a long unbranched aliphatic chain 

that can be saturated (SFAs) or unsaturated. These unsaturated can even be monosaturated 

fatty acids (MUFAs) if they have only one double bond or polyunsaturated fatty acids (PUFAs) if 

they have more than one double bond.  

 

The shorter way of representing these acids is, for instance, C18:0 which means that the carbon 

chain contains 18 carbon atoms and there are zero double binds. But they also can be described 

by scientific names with a Greek prefix that indicates the number of carbon atoms like di, tri, tetra, 

penta, etc.  

 

If the acid is unsaturated, before the identification of the acid, the position and number of double 

bonds should appear, like for instance 9,12-octadecatienoic acid. This designation means a 18-

carbon chain with two double bonds (di en) at carbons 9 and 12. The numbering of the chain 

starts giving the number 1 to the carbon that constitutes the carboxyl group. (24,25) 

 

Fatty acids are related with several conditions such as obesity, cardio-vascular diseases, 

atherosclerosis, more recently with depression in adolescents and other diseases.  

 

1.3.1 Saturated fatty acids (24,25) 

 

Saturated fatty acids do not have any double bonds or other functional groups along the chain. 

They are called “Saturated” due to the fact that each carbon (except the one of carboxylic acid 

group [-COOH]) has as many hydrogen atoms as possible. This means that the omega extremity 

has 3 hydrogens (CH3) and the others have 2.  These molecules can allow a great and densely 

store of chemical energy, once they form straight chains and so they can easily be packed 

together very tightly.   
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1.3.2 Unsaturated fatty acids (24,25) 

 

The unsaturated fatty acids are of similar form with the only difference that one or more alkenyl 

functional groups exist along the chain, with each alkene (CH=CH) substituting a singly-bonded 

part of the chain. At this part of the chain two configurations can occur: cis and trans.  

 

The cis configuration means that the adjacent carbon atoms are on the same side of the double 

bond. The rigidity of this bond freezes its conformation and causes the chain to bend and restricts 

the conformational freedom of the fatty acid. The more double bonds it has in cis configuration, 

the less flexibility it has. When a chain has many cis bonds, it becomes quite curved in its most 

accessible conformations.  

 

The trans configuration means that the next two carbon atoms are bound to opposite sides of the 

double bond. So, they do not make the chain bend too much and their shape is similar to straight 

saturated fatty acids.  

 

Most of the trans fatty acids are not found in nature but are result of human processing with, for 

instance, hydrogenation reaction.  

 

These differences in geometry and structure of fatty acids are the factors that determine their 

functions and location in biological systems and structures. 

 

Alpha linolenic, docosahexaenoic and eicosapentaenoic acids are examples of omega-3 fatty 

acids and arachidonic of omega-6 fatty acids. 

 

The identification of the PUFAs specified on the results of the present work is on table 1.2 

 
Table 1.2  – Identification of principal PUFAs studied 

 

 

 

 

 

 

 

    

Linoleic Acid C18:2 
Alpha-linolenic Acid C18:3 
Arachindonic Acid C20:4 

Eicosapentanoic acid C20:5 

Erucic Acid C22:1 
Docosahexanoic Acid C22:6 
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1.3.3. Essential fatty acids (26, 27) 

 

The human body can only produce two of the fatty acids it needs, which are linolenic acid and 

alpha-linolenic acid. These two acids are widely distributed in plant oils. Other very important fatty 

acids are the long chain omega-3 family with eicosapentaenoic acid (EPA) and docosahexaenoic 

acid (DHA). These fatty acids besides being essential FA have been proved to bring a lot of 

health benefits. Being essential FA means that the body cannot produce them and so they should 

be taken from diet.  

 

Once in the body, essential fatty acids are first of all used to produce hormone-like substances 

that will allow the regulation of a wide range of functions like blood pressure, blood clotting, blood 

lipid levels, immune response and inflammation response. 

 

Essential fatty acids are polyunsaturated fatty acids of omega 3 and 6 families. The fact is that 

humans can make saturated fatty acids or monounsaturated fatty acids with a double bound at 

position omega-9 but they cannot introduce the omega3 and 6 position bond, because they do 

not have the required enzyme. 

 

These fatty acids use the Greek alphabet (α,...,ω) to identify the location of the double bonds. 

The α carbon is the carbon closest to the carboxyl group (carbon number 2), and the ω is the last 

carbon of the chain because omega is the last letter of the Greek alphabet. Be an omega 3 acid 

means that the double bond is 3 carbons away from the omega position.  

 

1.3.4. Free fatty acids (26, 27) 

 

Fatty acids can be bound or attached to other molecules, like in triglycerides or phospholipids. 

When they are not attached they are called free fatty acids. They may come from the breakdown 

of a triglyceride into its components – fatty acids and glycerol.  

 

They are an important source of fuel for many tissues because they can yield big quantities of 

ATP. For that purpose also glucose can be used. However, particularly heart and skeletal muscle 

prefer fatty acids. 

 

1.3.5. Sterols  (26, 27,28) 

Sterols like cholesterol are alcohols with cyclopentanophenanthrene ring system (atoms 1 to 17, in 

figure 1.7). This structure is also found in steroid hormones such as testosterone, progesterone 
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and cortisol. Cholesterol is classified as an alcohol because it has a hydroxyl group (-OH) in 

position 3 of the ring system. Cholesterol is produced by the liver and is found in all body tissues 

where it helps to organize cell membranes and control their permeability. 

 

 
 

Figure 1.7 – Cholesterol molecule 

 

Cholesterol derived products in the skin are converted to vitamin D when the skin is exposed to 

sunlight. Vitamin D3 mediates intestinal calcium absorption and bone calcium metabolism. A high 

level of cholesterol in the blood is considered to be a risk factor for cardiovascular diseases. But 

in reality, the problem is not on cholesterol. As it can be dissolved in blood, it must be transported 

to and from the cells. These transporters are called lipoproteins and the “cholesterol problem” has 

to do with it: the low density lipoproteins (LDL) and the high density lipoproteins (HDL).  

 

The LDL transport the cholesterol to arteries that feed the heart and brain. The problem is that 

high levels of this type of cholesterol with other substances can form a plaque or deposit that can 

narrow the arteries and make them less flexible (atherosclerosis). Some times a clot can be 

formed and block the narrowed artery (heart attack). On the other hand the HDL cholesterol 

carries about 1/4 -1/3   of blood cholesterol and it is called the “good-cholesterol” once it tends to 

carry cholesterol away from the arteries and back to the liver. 

 

High blood serum cholesterol levels, and particularly from LDL, are associated with increased risk 

of cardiovascular diseases. These levels can be lowered by reducing the sources in diet, 

increasing the amount of fiber and consuming oils high in polyunsaturated fatty acids while 

reducing the intake of saturated fats.  

 

It is known, although not very well understood yet, a genetic variation of LDL cholesterol - Lp(a). 

A high level of Lp(a) is a significant risk factor for the premature development of fatty deposits in 

arteries. It may interact with substances found in artery walls and contribute to the buildup of fatty 

deposits, but its mechanisms are not yet known. 



 28 

 

Studies has shown that myristic acid (C14:0), and to some extent palmitic acid (C16:0) increase 

cholesterol levels, whereas polyunsaturated fats such as linoleic acid (C18:2) reduce cholesterol 

levels. Other saturated fatty acids (e.g., stearic, C18:0) or monounsaturated fatty acids (e.g., oleic, 

C18:1) do not affect cholesterol levels significantly. So, it is considered for a healthy diet, that it 

should be taken a quantity of polyunsaturated fat at least 3 times greater than the 

monounsaturated. 

 

1.3.6. Triglycerides  (26, 27) 

 

Triglyceride is a form of fat made in the body. Between the causes for high levels of triglycerides 

are: overweight/obesity, physical inactivity, cigarette smoking, excess alcohol consumption and a 

diet very high in carbohydrates (60 percent of total calories or more). People with high 

triglycerides often have a high total cholesterol level, including a high LDL level and a low HDL 

level. Many people with heart disease and/or diabetes also have high triglyceride levels. 

 

The triglycerides are the principal constituents of vegetable oils and animal fats. They have lower 

densities than water and may be solid or liquid, at normal room temperatures. When they are 

solid they are called “fats” or “butters”, when liquids they are called “oils”. Artificial fats and 

substitutes have become very common as a manufactures’ target, as people (misinformed) have 

acquired aversions to fats or like the idea of go on a diet without reducing food intake.  

 

1.3.7. Phospholipids (26, 27) 

 

Phospholipids or phosphatides are surfactants and emulsifiers of natural origin. They consist on 

an alcohol like glycerol, one or two molecules of fatty acids and a phosphoric acid compound. 

The most common phospholipids are lecithin, phospatidylethanolamine, phosphatidylserine and 

phosphatidylinositol. Cell walls and other biological membranes consist of two layers of phosphor 

lipids where the fatty acid tails of the phospholipids are oriented toward each other and the 

phosphate groups from the outer surfaces of the membrane. These bilipid layers are 

semipermeable, allowing some molecules to pass freely through the membrane while blocking 

others.  
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1.3.8. Long Chain Fatty Acids (26, 27) 

 

The Long Chain Polyunsaturated Fatty Acids (LCPUFAs) are the principal components of cellular 

membrane. But their role is more than just structural. In fact, functionally speaking they are of 

great importance once they can regulate membrane fluidity, enzymatic activity of transport and 

receptivity and containing the precursors of intra and intercellular mediators.  

 

They come from essential fatty acids n-3 and n-6, alpha-linolenic acid and linoleic acid and 

include eicosapentanoic acid (20:5 n-3, EPA), docosahexanoic acid (22:6 n-3, DHA) and 

arachidonic acid (20:4 n-6, AA). 

 

The enzyme that acts on every essential fatty acid, to synthesize their derivatives, is the delta-6 

desaturase.  

 

From those acids there is one – docosahexanoic acid, DHA – that in the last years has been 

particularly studied due to possible biologic effects in man. This acid derivates from alpha-

linolenic acid and is formed from reactions of elongation and denaturation. DHA synthesis 

consists on two followed elongation phases, one denaturation at n-6 position and one β-oxidation 

at peroxisome These peroxisomes are cell structures that rid the body of toxic substances and 

when also can occur fatty acids’  β-oxidation through FAD and Acyl-CoA oxidase action. 

 

Western diet is nowadays very rich in n-6 FA (the family of linoleic acid, arachinoic acid, etc) and 

this leads to a serious problem to balance the presence of the two most important series (n-6 and 

n-3) in human tissues. The ratio between these two acids is estimated to be, in a healthy diet, of 

approximately 1/1. This relationship of equivalence is critical because they check each other in a 

delicate balance to regulate thousands of metabolic functions and nearly every biologic function is 

somehow connected with this balance.  The functional consequence of western unbalanced diet 

is an increased production of more active metabolites that derives from a 20 carbon atoms 

molecule (like AA and EPA) that show pro-inflammatory effects and cardiovascular’s too. The 

majority of these molecules is AA derivate and has the capacity to increase arterial pressure, 

inflammatory reaction, piastrinic aggregation, thrombogenesis, vasospasm, allergic reactions and 

cellular proliferation. On the other hand the EPA derivates have opposite effects.  

.  
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1.3.9. Long Chain Fatty Acids and obesity 

 

The fatty acids correlation with metabolic syndrome has already been the target for a high 

number of studies. However, in children there are not so many studies made, especially studies 

that correlate PUFAs profiles and adiposity and the existent ones show contradictory results 

(29,30,31) 

 

There is one study (29) on obese children and PUFAs profile, made in 22 obese children and one 

normal weight group of children, which evidenced an increase of n-6 LCPUFASs levels on the 

obese’s group. This increase was explained by one larger activity of delta-6-desaturase enzyme 

and it was hypothesized that the high levels of insulin (that usually obese population reveals) can 

stimulate n-6 LCPUFAs.  

 

Another study of 2005, was made by Okada (31) in 59 obese children and a control group of 53 

patients normal weight. This study evidences a relationship between palmitoleic plasma levels 

and abdominal adiposity on obese group. The hypothesis suggested was a possible relationship 

between changes in monounsaturated fatty acids (MUFAs) profile and hyperactivation of steroil-

CoA desaturase that was not enough eliminated by leptin. And so the study gives to endogen- 

lipogenesis an important role on children obesity. 

 

The importance of LCPUFAs comes from the fact that their derivates have a crucial role on 

adipocitary differentiation. (32)  

 

A recent study made at San Paolo’s Hospital’s Pediatric Clinic (33) showed that obese children 

have lower plasma PUFA’s levels than normal weight even if they have a higher diary 

consumption of fatty acids’ family. The obese group has evidenced also lower levels of C22:6n-3 

associated to higher precursor levels (C18:3n-3 and C:20:5n-3). Plasma levels of C18:2n-6 are 

also lower on obese children. For C20:4n-6 there was any important difference between the two 

groups. Obese children with higher z-BMI score have showed higher levels of plasma saturated 

fatty acids and 20C derived from monounsaturated and lower values of total PUFAs, C22:6n-3 

and from ratios C22:6n-/C20:4n-6 and C22:6n-3/C18:3n-3. So, in this population the BMI z-score 

had been associated negatively to plasma levels of C22:6n-3 and positively to C20:3n-9 – that 

increases in case of deficit of C18:2n-6 (34). These results suggest that in obese children there 

can be a deficit in n-6 PUFAs and also an abnormal synthesis of C22:6n-3 in comparison to 

normal weight. In fact, obese children with higher z-BMI present differences at fatty acids profile 

when compared with normal weight and obese with lower z-BMI. This suggests that there can be 

a relationship between plasma fatty acids profile and children’s obesity.  
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1.3.10 PUFAs, Adiponectin and Hepatic Steatosis 

The relationship between adiponectin and fatty acids profile has not yet been much studied.  Not 

in children and not even in adults. 

There is one very recent publication, about a study on early newborn population that relates 

adiponectin’s levels in blood with fatty acids profile. It had been demonstrated that an increase of 

adiponectin levels on early newborn population fed with a formula rich on LCPUFAs, in 

comparison with early newborns fed with standard formula. (35)  

About steatosis and fatty acids profile there is a study from 2004 (36), in an adult population of 

hepatic steatosis’ patients, that reveals a decrease of n-3 LCPUFAs levels in adipose tissue and 

an increase of n-6/n-3 LCPUFAs levels in phospholipid ratio and  in total lipids level of adipose 

tissue. This study also revealed that a lower percentage of n-3 LCPUFAs induces downregulation 

of SREBP 1 protein expression, and this fact decreases the stimulation for fatty acids oxidation, 

increasing the concentration at the hepatocyte level. This mechanism associated to a decreased 

level of triacylglycerol of hepatocytes, mediated by a low activation of PPAR−γ, always verifying a 

decrease of n-3 LCPUFAs can justify the evolution of hepatic steatosis for steatohepatitis .  
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 1.4 Adipose tissue 

 

 

Adipose tissue is an energetic storage, functionally regulated by nerves, hormones, nutrients, 

autocronic mechanisms and pancreatics also.  It’s an important endocrine organ with regulatory 

functions especially at energetic level. 

 

It is the largest energetic storage organ and so has a fundamental role on survive, evolution and 

adaptation capacity.  

 

There are neuroendocrin, nutritional, paracrin and autocrin factors that act on proliferation and 

recruitment of progenitor’s cells in preadipocytes. These preadipocytes change into adipocytes 

according to location and systemic growth factors.  

 

These adipocytes collect free fatty acids that will sterify into triglycerides and compose the 

energetic storage. They are also able to collect glucose in periods of great excess or when 

transportation mechanisms on liver and muscle are difficult (like in insulin-resistance situation) 

and amino acids too. Amino acids and glucose should convert into acetyl Coenzyme A in order to 

obtain energy to store. 

 

Fatty acids are the principal occupants of adipocytes occupying almost all the area, being close to 

the nucleus with some cytoplasm closer to the membrane. 

 

Adipogenesis  (37,38) 

 

It is important to distinguish well adipogenesis from lipogenesis. Lipogenesis is fatty acids and 

triglycerides’ synthesis and these molecules will be stored in adipose tissue. On the other hand 

adipogenesis is the maturation of adipose tissue itself, the transformation from preadipocytes into 

adipocytes. 

 

The signals that initiate  the adipogenesis are still unknown. It ‘s a combination of hormones, such 

as insulin, IGF-1, glucorticoids and cAMP (Cyclic Adenosine Monophosphate)-generating agents 

that have been demonstrated to effectively promote the terminal differentiation of cultured 

preadipocyte cells. Under this hormonal stimulation, cultured preadipocytes undergo several 

rounds of proliferation until achieve growth arrest. The adipogenesis process is accomplished of 

peroxisome proliferators activated receptor γ (PPAR-γ) and by a family of transcription factors 

called C/EBP (CAAT/enhancer-binding protein) that will have a cooperative action that will lead to 
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expression of some necessary genes for generation and maintenance of the adipogenic 

phenotype. These genes are such as adipocytes specific fatty acid binding protein (aP2), 

phosphoenolpyruvate carboxykinase (PEPCK), glycerolphosphate dehydrogenase, fatty acid 

synthase, acyl CoA carboxylase, Glut4 and insulin receptor.   

 

 

Metabolic destination of lipid storage (37) 

 

Periods of prolonged fasting (hungry) and of physical and metabolic hyperactivity activate 

neuroendocrine axis like CRH-ACTH (Corticotropin-Releasing Hormone-Adrenocorticotrophic 

Hormone )-cortisol, GHRH (Growth HormoneReleasing Hormone)-GH (growth hormone)-IGF1 

(insulin like growth factor), glicagine and others that actuate on a hormone sensitive lipase or to 

β − receptors that activate, on their hand, the phosphokinase-adenilcyclase that leads to lipolysis. 

This all happens during low insulin phases.  

 

There are two types of adipocytes: white and brown. The white ones generally use the fatty acids 

to oxidize the mitochondria producing oxidative phosphorilation and so economize glucose and 

amino acids’ consumption. This will allow the use of glucose by organs of great and vital 

importance that have the “prioritary” need of glucose to their activity. On the other hand it also 

prevents proteolysis of structural and functional proteins (muscle, enzymes, etc). They contain a 

large lipid droplet surrounded by a ring of cytoplasm. The nucleus is flattened and located on the 

periphery. The fat stored is in a semi-liquid state, and is composed primarily of triglycerides and 

cholesterol ester. White fat cells secrete resistin, adiponectin and leptin 

 

The brown adipocytes use the fatty acids through energetically less efficient mechanisms, 

inducing protons and fatty acids transportation. These processes represent a high energy 

consumption and heat production which is transferred to blood circulation and are the principal 

factor of thermogensis independently of muscular tremor. The brown color comes from the large 

quantity of mitochondria. Brown fat, also known as “baby fat”, is than used to generate heat. 

These cells are polygonal in shape. Unlike white fat cells, these cells have considerable 

cytoplasm with lipid droplets scattered throughout. The nucleus is round, and, although 

eccentrically located, it is not in the periphery of the cell.  
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A secretor organ 

  

The adipose system is nowadays considered to be an endocrine tissue. (39)  The reason is that 

this tissue is made of fat hormones, called by adipocytockine and adipokine .These hormones 

have functions that have to do with energetic homeostasis regulation. (40) 

 

Adiponectin is one of the most studied adipocitokynes of the last years (41,42). It is a protein 

synthesized on adipose tissue that is secreted to circulating blood.  

 

Adipocits of normal dimensions segregate insulin sensitive hormones, like adiponectin and leptin. 

However, in cases of adipocitary hypertrophy - caused for instance for a hypercaloric diet – it has 

been verified a decrease on production and secretion of these hormones and so an increase of 

insulin resistance. 

 

The incidence of insulin resistance verified in obese patients can be related to the fact exposed 

on last paragraph and therefore if an hypercaloric diet can cause obesity it also can cause insulin 

resistance.  But it can also have to do with mutations on adiponectin’s gene. Like a pre-

disposition to acquire some malformation in adipocytes and so to easily achieve obesity and 

insulin resistance. 

 

Because of that, studies have been made to correlate mutations on adiponectin gene and insulin 

resistance incidence. These studies have already demonstrated that adiponectin’s mutations play 

an important role in insulin resistance as well as its occurrence on obese people.(37) 
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 1.5. Adiponectin and Insulin resistance 

 

Adiponectin is an adipocyte-specific secreted 244-amino-acid-long polypeptide that allows the 

liver and muscle to be sensitive to insulin action. Adiponectin expression and levels in circulation 

are up regulated by PPAR-γ agonist (a substance that binds to a specific receptor and triggers a 

response in the cell.) - rogsiglitazone. (43).  

 

Adiponectin is a hormone, an adipocitokyne that exists in blood like a mix of trimers, hexamers 

(low molecular weight molecules – LMW) and complexes of High Molecular Weight (HMW). 

These three forms of adiponectin together form the adiponectin present in blood. There are some 

studies using ELISA (Enzyme Linked Immuno Sorbent Assay) that suggest adiponectin of high 

molecular weight to be a better indicative of insulin resistance than total adiponectin (44). 

However, more recently is believed that the LMW molecules also have their contribution to that, 

once it has been verified that circulating pools of LMW and HMW complexes may constitute 

precursors requiring processing in the form of reduction to trimers at the cell surface of target 

cells. Studies made on bacteria have proved the importance of these too type of molecules in 

insulin resistance. So, it is not only high molecular weight adiponectin but the relative ratio of both 

that is considered an important biomarker of metabolic syndrome including obesity, type 2 

diabetes and cardiovascular conditions. (14) 

 

The term adipocitokine had been related to series of adipocyte-derived biologically active 

molecules which may influence the function as well as the structural integrity of other tissues. 

Some examples of these substances are adiponectin and also leptin, acylation-stimulating protein 

(ASP), etc. These substances are also associated with mediation of systemic effects of obesity 

on health. In fact there seems to be a clear relationship between adiponectin and fat mass in 

humans. Adiponectin levels are significantly reduced among obese subjects in comparison with 

lean control subjects.(45) 

 

Adiponectin is a product of adipose system that has than benefic physiopathologic effects 

increasing insulin sensitivity. Its levels are negatively correlated to body mass and increases with 

weight decreasing. It shows higher levels on sub-cutaneous fat and on females. On families of 

diabetics and control groups it presents similar levels. However in control groups its levels 

decreases more responding to insulin. (43,46) 

 

These adiponectin’s functions are in part due to inhibition of inflammatory functions of citokynes. 

They also have other effects like: 
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� increase vasodilatation 

� inhibit production of adhesive proteins of leucocytes 

� inhibit oxygen free radicals effects and endothelial level 

� increases production of NO and so decrease LDL oxidation resulting in less spumous 

cells 

    

1.5.1 Adiponectin’s synthesis  

 

IGF and insulin lead to adiponectin’s syinthesis at adipose tissue. On a Caloric excess situation 

this synthesis is inhibited. (47) This seems to happen because of an increase on TNF-α synthesis 

that is verified in adipose tissue of obese people. It happens because, in these cases, there is a 

pro inflammatory stage that will stimulate the production of some cytokines like TNF-α. This 

cytokine inhibits adiponectin’s synthesis at adipose tissue and seems to play also with one 

insulin’s receptor affecting it in this way too. (48) 

1.5.2 Adiponectin and fatty acids 

 

Adiponectin decreases the lipidic synthesis and glucose production in the liver and so leads to a 

decrease of free fatty acids and of glucose, produced by neoglucogenesis. Therefore, production 

of triglycerides in liver is also low. Adiponectin can increase fat oxidation at muscular tissue and 

therefore it also increases the energy consumption and probably the regulation of proteins-

associated-to-triglycerides-metabolism synthesis and activity. (49) 

 

This hormone can also increase the sensitivity of hepatocytes to insulin. It can happen by a direct 

mechanism or indirectly - decreasing fatty acids level on blood because of their action in muscles. 

However it has also been proved that a diet rich in PUFAs n-3, like EPA and DHA, has a 

protective effect against insulin resistance and obesity in mice and it increases insulin sensitivity in 

humans. Recently a study was made in Check Republic, were EPA and DHA revealed anti-

diabetic effects related to an increase in endogenic sensitivity to insulin and adiponectin 

production. (50)  
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1.5.3. Adiponectin and metabolic syndrome  

 

Human in vivo studies, have demonstrated the protective relationship between adiponectin levels 

and non occurrence of metabolic syndrome. The plasma levels of adiponectin seem to be 

correlated with obesity, changes on glycolic metabolism and other metabolic disorders.  (51) 

 

Other studies have been made in adult populations and have evidenced that decreasing weight - 

with changing patient’s life style in patients affected by type 2 diabetes or submitting to chirurgy 

patients with essential obesity – increases significantly plasma adiponectin levels (52,53). Patients 

with type 2 diabetes have evidenced plasma adiponectin levels lower than non-diabetic patients. 

(31) These results are in line with other studies that suggest that plasma adiponectin levels can be 

important to a future development of type 2 diabetes. (54,55,56).  

 

It has been demonstrated a metabolic association between low adiponectin levels and 

dyslipidemia (57).  And it has also been shown an inverse correlation between adiponectin levels 

and pressure levels. (58) However, at this point the most interesting association is the one 

between adiponectin and insulin resistance.  Low levels of adiponectin have been found in 

patients with insulin resistance (59) as well as with other diseases correlated to this one – 

Polycystic ovary syndrome (POCS) (60), lipodistrophy (61), NAFLD (62) and HIV (Human 

lmunnedeficiency Virus) (63) 

 

 

1.5.4 Adiponectin’s mechanisms (45,64) 

 

The mechanism of action of adiponectin on glucose metabolism remains unknown and receptors 

for adiponectin in reducing insulin resistance is related to a decrease in plasma fatty acids levels 

and in triglyceride content in muscle and liver in obese mice. These may be due to enhanced 

expression of genes involved in β-oxidation and energy dissipation, like acyl-CoA oxidase and 

uncoupling protein-2. Insulin stimulated tyrosine phosphorylation of signaling molecules - 

including insulin receptor and insulin receptor substrate -1 in skeletal muscle - is also enhanced 

by adiponectin.   Adding to its activation of the 5’-AMP-activated protein kinase, adiponectin also 

stimulate phosphorylation of acetyl-CoA carboxylase, fatty acid oxidation, glucose uptake, lactate 

production, phosphorylation of acetyl-CoA carboxylase and reduction of molecules involved in 

glucogenesis in the liver. In humans a role of physiological concentrations of fasting plasma 

adiponectin in regulation of skeletal muscle insulin receptor tyrosine phosphorilation has been 

demonstrated. 
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Other beneficial consequences of adiponectin’s levels but not related with insulin resistance have 

been reported. They include: protective role against atherosclerosis, coronary heart diseases and 

some risk factors associated to that. 

 

 

 

Figure 1.8 – Diagram about adiponectin’s consequences on some metabolic levels (116) 

 

1.5.5. Adiponectin in children 

 

Correlations between adiponectin’s levels and obesity and insulin resistance have been studied 

also in children. There are three particular recent studies (65,66,67) that have evidenced low 

levels of adiponectin and high levels of insulinemia in children with essential obesity. It has been 

suggested that probably there exists an optimal body mass value to adiponectin secretion or that 

diet dysfunctions can be generally associated to low adiponectin levels. (65)  

 

In 2006 Yalniz et al have published a study (68) that suggests an inverse correlation between low 

levels of adiponectin in circulation and NAFLD, in adults. Also on adult patients, Yoneda et al (69) 

have published this year (2007) a study that indicates that low levels of adiponectin are 

associated with NAFLD in patients with type 2 diabetes. However this type of studies hasn’t been 

made about children yet. 
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1.6. Adiponectin +276G>T Polymorphism  and insulin resistance  
 

It must be now understood the kind of relationship verified between adiponectin levels and insulin 

resistance. It can be that insulin resistance leads to adiponectin low levels or vice-versa. For that, 

it is useful to do a genetic approach to this adiponectin molecule.  

1.6.1 Adiponectin’s gene 

 

The human gene that encodes adiponectin is APM/ACDC/ADIPOQ (APM 1) that is located in 

chromosome 3q27. This gene contains 3 exons on one 17 kb region. The 1st and 2nd exons 

measure respectively 76 and 222 bp and between them there is an intronic region of 10,3 kb. The 

exon 3 have about 4,28 kb. The 1st exon and and part of the 3rd are not translated. (70)   

1.6.2. Adiponectin’s gene mutations 

 

In a Chinese population a screening on gene APM1 mutations was recently conducted. This 

screening has identified 15 Single Nucleotide Mutations (SNP) (71). There are a lot of studies 

published that indicate an association in adiponectin’s polymorphisms and an increase in the risk 

to develop obesity, insulin resistance and other conditions related to these. (72,73, 74, 75). The 

mutations more associated to insulin resistance and obesity has been verified to be: 

 

� On promoter region: -11,371 C>G e -11,391G>A 

� On a non-encoding location on exone 2: + 45 T>G 

� On an intronic region + 276 G>T 

 

There are a lot of results about these mutations, sometimes controversial or inconclusive. It can 

also be suggested a dependency on the geographic origin of the patients. Similar results have 

been shown in similar populations. (76,77,78,79,80,81) 

 

Concerning pediatric populations there are not many polymorphism studies. Recently Peltrone et 

al (72) have published one in which a possible correlation between this mutations and metabolic 

conditions was investigated in obese children. 
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1.6.3. Polymorphism +276G>T 

 

For the present study only the polymorphism on adiponectin that contains the mutation on intronic 

region: +276G>T has been analyzed. It means that, the mutation is in an intron 276pb after the 

end of the exon and, at this place for which the wild type is a Guanine, in mutants there is a 

Thymine. The wild type is Snp +276 G/G, which means that both alleles have a Guanine on the 

position +276. In Heterozygotics one of the alleles is G and the other T (Snp +276 G/T) and 

homozygotic mutants have both alleles mutated to T (Snp +276 T/T).  

 

The target is to find a correlation between this polymorphism and adiponectin low levels and 

increase of glycemia and insulinemia in fasting. 

 

This polymorphism is located on the non-coding part of the gene and has a high occurrence in 

general population (about 48-50%).  (82)   

 

When a mutation is at a non-coding region (an intron) the importance or influence of it on the final 

protein should be related to changes in splicing mechanisms, structure stability or it can happen 

that it is a regulatory region. In this case it is not yet known if the importance of these mutations is 

related to splicing or regulatory factors. 

 

In 2002, Hara et al have suggested an association between this polymorphism and development 

of type 2 diabetes (73). More recently, in 2005, Gonzalez et al (83) studied an adult population 

that revealed a bigger probability to develop glucidic intolerance in condition of homozygotic for 

+276G>T polymorphism, that is characterized for lower levels of adiponectin in circulation. In 

another study (84) this polymorphism has been also associated to the risk of developing type 2 

diabetes. 

 

In other studies (85) it has been demonstrated that this polymorphism is associated to a lower loss 

of weight in obese adults at dietetic-behavior therapy. It has been proved that in patients with this 

polymorphism there is a lower increase of adiponectin and a lower decrease of insulin and HOMA 

values after the dietetic treatment. 

 

Seok-Kang et al (82) have demonstrated that also in patients under pharmacologic treatment for 

type 2 diabetes, the increase of glycemia level is higher in patients without this polymorphism.  

 

However in children evidence of this association between this polymorphism and glucidic 

metabolism is still missing. 
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1.6.4. Adiponection’s polymorphisms and NAFLD 

 

No studies about adiponectin’s polymorphisms and NAFLD have been reported yet. But, as there 

are studies that reveal a correlation between NAFLD with low adiponectin levels in circulation and 

insulin resistance, it should be also an interesting case study to find out about this polymorphism 

and hepatic steatosis.  
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1.7 PPAR - γγγγ    (86)    

 

PPAR-γ is a member of the nuclear hormone receptors’ family. These receptors are transcription 

factors that bond DNA and regulate transcription in a ligand-dependent manner. PPAR-γ is then, 

a transcription factor with the particularity that it is activated by fatty acids that plays a role on 

insulin sensitivity and adipogenesis. Thiazolidinedione drugs increase plasma free fatty acids and 

so are also associated to PPAR-γ stimulation.  

 

The letters PPAR mean Peroxisome Proliferator Activated Receptor. Specifically PPAR-γ has 

been related to mediation of the expression of fat-specific genes and in activating the program of 

adipocyte differentiation.  

 

The base structure of PPAR family is made of essential domains: the DBD (DNA binding domain) 

and the LBD (ligand binding domain). The DBD has two zinc finger patterns that bind to the 

regulator region of DNA when the receptor is activated. The LBD has an extensive secondary 

structure of 13 alpha helices and a beta sheet. Natural and synthetic ligands bind to the LBD, 

activating the receptor. 

 

The PPAR family comprises three closely related gene products – PPAR-α, PPAR-γ and PPAR-

β.These three PPARs have different expression patterns: 

 

� PPAR-α: abundantly expressed in the liver, kidney, heart and muscle.  

 

� PPAR-γ: more abundantly in expressed in fat cells, large intestine and cells of the 

monocyte lineage 

 

� PPAR-β: expressed in nearly all tissues. 

 

The understanding of PPAR-γ has been enhanced by the finding that this receptor is the 

molecular target of Rezulin which were originally developed for the treatment of diabetes type 2 

on the basis of their ability to lower glucose levels in rodent models of insulin resistance. Rezulin 

mediates its therapeutic effects through direct interactions with PPAR-γ establishing this receptor 

as a key regulator of glucose and lipid homeostasis. Dominant negative mutations in human 

PPAR-γ are associated with severe insulin resistance, diabetes melitius and hypertension. (87)  
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All PPARs dimerize with the retinoid X receptor (RXR) and bind to specific regions on the DNA of 

target genes. These DNA sequences are the PPREs - peroxisome proliferator response 

elements. The DNA consensus sequence is AGGTCAXAGGTCA with X being a random 

nucleotide. Usually, this sequence occurs in the gene’s promotor region and when the PPAR 

binds its ligand, transcription of target genes are increased or decreased, depending on the gene. 

The RXR also forms a heterodimer with a number of other receptors: the vitamin D receptor and 

the thyroid hormone receptor. 

The function of PPARs is modified by the exact shape of their ligand-binding domain and by a 

number of co-activators and co-repressors, the presence of which can stimulate or inhibit 

receptor function. 

The ligands for the PPARs are free fatty acids and eicosanoids. PPARγ g is activated by 

prostaglandins and leukotrienes and regulates the gene expression of proteins involved in the 

storage of fatty acids. PPARb is weakly activated by fatty acids, prostaglandins, and leukotrienes 

and its physiological ligand has not been identified. PPARα is activated by leukotriene B4.(88) 

 

 

Figure 1.9  – Diagram of PPAR-γ mechanisms, available in (89) 

Lipoxygenases and cyclooxygenases are examples of co-activators, although with a still not very 

well known mechanism.(90) 

 

There are at least two isoforms of PPAR-γ: PPAR-γ 1 and 2. They are generated by distinct 

promoters and alternative splicing mechanisms. The PPAR-γ 1 is highly expressed on adipose 

tissue and in lower proportion on a variety of other cell types (like macrophages, pneumocytes, 

etc). PPAR-γ 2 is an exlusive isoform of adipose tissue and has an amino terminal region with 30 

amino acids more than the isoform 1. Both forms can be activated by synthetic composts called 

TZD - Thiazolidinediones – used like an anti-diabetic agent. (91,92) 
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1.7.1 Adipogenesis mechanisms and PPAR-γ (92) 
 

The activation of PPAR-γ is made by coactivators like Src (Steroid Receptor Coactivator) -1 and 

Tif (Translation Initiation Factor)-2. These coactivators act not only for PPAR- γ but also to other 

members of this family, although they may have specific functions in some settings.  

 

In experiences released in mice it was verified that deletion of Scr-1 and Tif-2 reduce the 

response to steroid hormone and development dependent of this hormones. Some PPAR- γ 

ligands induce the specific recruitment of coactivators and might evoke different functional 

responses based on the interactions they stimulate. 

 

 The natural ligand 15-deoxy prostaglandinJ2 stimulate PPAR- γ interaction with SRC-1, TIF2, 

TRAP (Thyroide hormone Receptor Associated Protein) 220 and P300. On the other hand, 

trogliatzone – a synthetic PPAR- γ ligand that is also an antidiabetic drug – does not promote 

these interactions. This fact suggests that other different coactivators may mediate the response 

to PPAR- γ when it binds this ligand.  

 

Usually, a high fat diet leads to high levels of free fatty acids and so PPAR- γ activation in white 

adipose tissue, stimulating fat uptake, adipogenesis and obesity.  

 

In brown adipose tissue, PPAR- γ activation depends mostly on Scr-1 as coactivators. Scr-1 is 

also essential for PGC (PPAR Gama Coactivator) -1 alpha to act as a coactivator to stimulate 

thermogenesis. Regulation of energy used by PGC-1 in other tissues, like muscle, may contribute 

to weight loss associated with cancer and increased metabolism induced by exercise.  

 

High fat feeding and high plasma free fatty acids reduce thermogenesis in brown fat due to the 

greater requirement of PPAR- γ for Src-1 than for Tif-2 for activation of these cells.  

 

In white adipose cells, Tif 2 predominates as the PPAR- γ coactivator by stimulating fat uptake 

and adipogenesis in conditions of high–fat feeding.  

 

The metabolic consequences of coactivator’s deletions have been verified to be alteration of 

PPAR- γ signaling. For instance, mice in which is missing a Tif-2 cofactor are resistant to obesity 

when fed a high-fat diet, with increase lipolysis in adipocytes and decreased fatty acid intake in 

adipose tissue. 
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A diet too rich in fatty acids leads to an increase of Tif-2’s expression in both types of adipose 

tissues (brown and white) and so the ratio Tif-2/Src-1 is changed. This change can lead to an 

increase of adipogenesis in white adipose while it blocks thermogenesis in brown adipose cells 

by opposing Src-1/PGC-1 alpha dependent signaling.   

 

1.7.2. PPAR-    γ, obesity and insulin resistance 

 

Obesity has been also defined as a pathological increase of adipose cell mass. Although the 

adipocyte was first considered as a passive agent in generation of obesity, recently this cell has 

been considered to have an active role in the regulation of energy homeostasis and body 

composition.  

 

PPAR- γ is involved in the metabolic disposal of adipose tissue including adipocyte differentiation, 

adipogenesis and the pathogenesis of insulin resistance states. The polyunsaturated fatty acids 

are able to activate PPAR- γ leading to a decrease insulin resistance status. PUFA enriched diets 

have been associated with increase insulin sensivity and decrease triglyceride levels in rodents 

and humans. Arachidonic acid and docosahexaenoic acids are effective PPAR- γ activators. (93)   

 

This nuclear receptor is implicated in mediating expression of fat-specific genes and in activating 

the program of adipocyte differentiation. A study made on mice about this gene expression had 

concluded that: expression of PPAR- γ  2 mRNA (messenger ribonucleic acid) is most abundant 

in adipocytes in normal mice; expression of adipose tissue γ 1 or 2 mRNAs is increased in only 

one of the three models of obesity; PPAR- γ 1 and 2 expression is downregulated by fasting and 

insulin-deficient diabetes and exposure of mice to a high fat diet increases adipose tissue 

expression of PPAR- γ (in normal mice) and induces PPAR- γ 2 mRNA expression in liver (in 

obese mice). (94)  

 

As skeletal muscle is a major site of insulin action. It has been discussed that insulin resistance 

could be related to phospholipid’s fatty acids’ composition of muscle membranes. The less 

unsaturated muscle membranes in children whose mothers have higher fasting insulin and 

triglycerides levels may as well reflect a genetic reluctance to incorporate PUFAs into 

membranes, predisposing them to insulin resistance syndromes. (94) 
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1.8 PPAR-γγγγ polymorphism Pro12Ala 

 

The Pro12Ala variant of PPAR- γ 2 is located on the exon B of PPAR- γ gene (chromosome 3p25) 

and is highly prevalent in caucasians. It has been studied for the association with obesity-related 

or insulin resistance related traits. Some studies suggest that the Pro12Ala genotype may be 

associated with improved insulin sensivity (95, 96,97), but it is still a very controversial matter. 

 

PPAR- γ 2 is the most important isoform in adipose tissue. The C>T polymorphism which codes 

the amino acid polypeptide that defines PPAR- γ 2 isoform, results in a substitution of a praline 

(Pro) for an alanine (Ala). The Ala allele was shown to have reduced efficiency in transactivating 

responsive promoters abd a reduced ability to stimulate adipogenesis in response to 

thiazolidinedione activation. The primary effect of PPAR- γ appears to be on body weight. A lot of 

studies has shown an association between the Ala allele and higher BMI or obesity, however 

many negative results have also been reported, as well as some studies associating the Ala allele 

and a decrease of BMI. (97) 

 

Recently a group of San Paolo’s Hospital researchers has made a study (93) about this 

polymorphism and insulin resistance and in PUFAs in childhood obesity. The results revealed an 

allelic frequency for Ala of 9%. All the mutated cases are heterozygotes and they represented 

18,6% of the total obese population.  Ala carriers have shown lower fast insulin levels and lower 

HOMA-IR. 

 

It has been suggested that through the years this polymorphism beneficially influences insulin 

resistance and its tracking from childhood to adulthood (88). However this is also a controversial 

subject as there are some results revealing the association between this polymorphism and 

insulin resistance, like the ones obtained about French adult population in 2005.(99) 

 

This polymorphism has shown to have an association with insulin resistance and especially on 

obese people. The type of association – if it’s protective or the opposite - depends on the 

geographic region, suggesting a relationship with diet habits. (93,99) The relationship between 

this polymorphism and body mass index has also been showing some variations depending on 

the country where the study is made, suggesting once again an association with the type of diet. 

(93,97,99) 
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1.9 Hiperphenylalaninaemias and  PKU populations (100) 

 

Phenylketonuria is the most common inborn error of amino acid metabolism in Europeans. It is 

caused by an autossomal recessive mutation on hepatic enzyme phenylalanine hydroxylase 

gene. This means that, only if the two alleles are mutated the disease can manifest itself. The risk 

of two healthy but mutated (at one allele) parents have affected sons is 25%. This sons have 50% 

of chances to be healthy.(101,102) The term phenylketonuria (PKU) is often (although illogically) 

reserved to more severe forms of a deficiency on the phenylalanine hydroxilase that is called 

Hiperphenylalaninaemias.  

 

Phenylalanine is an essential amino acid (a.a), present in a normal diet, essentially on meat and 

fish and other animal sources. This a.a. is supposed to be converted to another - tyrosine – in the 

liver, by an enzyme called phenylalanine hydroxylase. Some people have a dysfunction on this 

enzyme that makes it not able to do this reaction 100% or in some more severe cases it is not 

able to convert it at all. The result is a non desirable accumulation of phenylalanine in blood. The 

consequences of that can be various and are irreversible. The only thing that can be done is stop 

its development with an adequate diet, but never reverse the damages. Those consequences 

are, in most of the cases, retarded development and intellectual impairment. After the first few 

months it can begin infantile spasms, with a pattern of hypsarrythmia on electroencephalography. 

It often happens with microcephaly, increased limb tone and mousy odor due to excretion of 

phenylacetic acid. A majority have lightly pigmented eyes, air and skin in comparison to parents 

and unaffected siblings, and eczema occurs in 20-40%. In older patients it can be found disturbed 

behavior like hyperactivity, destructiveness, self-injury and episodes of excitement. It was also 

been verified tremors, abnormalities of gait, posturing and ticks.   

 

This disease can be detected very soon. In fact the test to detect it is made, since the 70´s, on 

the first days of life since and it is called Guthrie test (biochemical dosage of phenylalanine). In 

most of the countries is an obligatory test, like in Italy where is obligatory since 1994. In Portugal 

on the other hand although there is not an obligatory test, it is made at the great majority of the 

children since 1979, in a screening test called “teste do pezinho” (little feet test) that currently 

enclose the screening for more 22 diseases. (*) The neonatal test made for PKU is only 

quantitative as the disease usually manifests it self strongly on the first days of life. However 

when the quantitative test gets positive a genetic test is done. This genetic test is also done on 

brothers or sons of the patients. 

 

 

(*) information kindly given from Dr Rui Vaz Osório, from Instituto de Genética Médica, Oporto.  
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The only form of treatment to PKU is by applying the called preventive medicine, in this case with 

diet, preventing the intake of phenylalanine depending on the level of the enzyme’s dysfunction.  

 

The disease can be divided in different forms, according to its severity and the diet is established 

according to that. These different forms are caused by different mutations, as it can be seen on 

table 1.3 : 

 

Table 1.3 . Assignment of PAH (Phenylalanine Hydroxylase) mutations to metabolic phenotypes (103) 

 

 

 

 

For those reasons every PKU patient that presents mutations 1 to 3 should have a very controlled 

diet. For this reason, this is a very interesting population to study, once a variable that is most of 

the times almost impossible to control, has been controlled for these patients’ all life. 

 

In Italy, the disease’s incidence on population is about 1/10.000 births. In Portugal the occurrence 

is of 214 in 2 millions of screened babies between 1979 and 2003. (101) 

 

Genetically this is a very rich population, once there are a lot of mutations (a lot not yet well 

classified) that can cause it. Besides that, its occurrence changes geographically. There are 

studies on that distribution in Europe, like the one of Zchocke (104) and Portugal and Italy (as 

well as Spain) are in the same group of “type of mutations”. The reasons for the verified 

distribution are still not well clarified, but It has of course to be with the same origins caused by 

proximity or migration. For origins should be understood origins related to climatic, cultural and 

dietetic conditions.  
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2. Study’s target 

 

This study can be divide in two major themes, for better organization. 

2.1 Adiponectin polymorphism in obese population 

 

a. Evaluate the frequency of +276G>T adiponectin gene polymorphism on an obese children 

group 

  

b. Confront the anthropometric parameters and the metabolic profile in children with essential 

obesity, based on the presence or lack of +276G>T polymorphism  

 

c. Confront Fatty Acids and Phospholipid profiles in plasma from obese children, based on 

presence or lack of +276G>T polymorphism.  

 

d. Correlate polymorphism incidence and insulin resistance occurrence   

 

2.2 PPAR-γ γ γ γ  Polymorphism in PKU population 

 
a. Evaluate the frequency of PPAR- γ polymorphism on a PKU children group 

 
b. Confront the anthropometric parameters and the metabolic profile in children with PKU, based 

on the presence or lack of PPAR- γ polymorphism  

 

c. Confront Fatty Acids and Phospholipid profiles in plasma from obese PKU children, based on 

presence or lack of the polymorphism. 

 

d. Correlate polymorphism incidence and obesity occurrence and insulin resistance in PKU 

population (that works as a control population in terms of diet under control). 
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3.  Population description 
 

3.1 Adiponectin polymorphism 

The study group was composed by 93 obese children with ages between 8 and 13. 49 were boys 

and 44 girls.  

 

3.1.1 Inclusion Criteira 

 
The criteria chosen to include the selected children were:  

 

� Weight at moment of birth >= 2500 g 

� Gestation age between 37 and 42 weeks 

� No existence of twins 

� No existence of illness at newborn period 

� No existence of congenital malformations at newborn period  

3.1.2 Exclusion Criteria  

 

To exclude children, it was had in mind the following criteria: 

 

� At least one parent affected by a congenital and/or degenerative metabolic pathology  

� Habitual intake of medicines from one of the parents 

� Levels of triglicemia and colesterolemia above or below. the normal  

3.1.3. Legal authorization  

 

The parents of the children under study had signed a document allowing the tests and also 

explaining every procedure. 

3.1.4. Definitions of concepts 

 

The definition of obese children was made according to IOTF’s classification. (see annexes: 

Figures A1 and A2) There have been made anthropometric measures according to the standard 

procedure. 

 

The BMI was calculated like it was already explained, using the I.S.. units – kg/m2. Parents’ BMI 

was also measured and defined as overweight, obese or non-obese according to the BMI results, 

and according to the standards concepts.  
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The BMI z-score was calculated using the LMS method, by Cole (7) and two pediatricians had 

evaluated the Tanner distribution stage – the stage of puberty development.  

3.1.5. Blood samples collect conditions 

 
 
The blood samples were collected in fasting, to evaluate the glucinic-insulinemic metabolism 

index, lipidic structure, plasma fatty acids profile and adiponectin polymorphism.  

 

For this study the samples arrived from Pediatric Clinic, from San Paolo’s Hospital, to Fatty Acids 

and Molecular Biology Laboratories (from the same Hospital). At the first laboratory, the blood 

arrives in colleting tubes with anti-coagulant (Sodium Citrate, 15%) and after, they are centrifuge 

at 4000 rpm, for 10 minutes and the plasma must be taken and conserved at - 20ºC. At Molecular 

Biology’s laboratory, it arrives in collecting tubes with anti-coagulant EDTA 

(EthyleneDiamineTetrAcetic acid)  and it is conserved as entire blood, in eppendorf tubes, at -

20ºC, also. 

 

3.1.6 Insulin resistance evaluation 

Insulin resistance has been evaluated using homeostatic model assessment . 

3.1.7 Food Intake Habits 

 

Children’s food intake habits have been evaluated by a Questionnaire of Nutrition Habits, 

according to child’s age and with 116 questions (105). This evaluation was made through a 

program developed at Pediatric Clinic of San Paolo’s Hospital and based on “Food and Nutrient 

Data Base”, from Italian National Institute of Nutrition (106). 

 

 

3.1.8 Hepatic hyperechogenicity   

 

To evaluate hepatic hyperchogenicity degree, an expert radiologist had done a hepatic abdominal 

ultrasound with Hitachi H21 (Hitachi High Technology Corporation Ltd, Tokyo Japan), using a 

conversion of 3,5 MHz.  

 

Hepatic echogenicity was evaluated by video registration, independently by the three radiologists, 

who didn’t know the patients and the results were established consensually.    
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3.2. PPAR-  γ γ γ γ Polymorphism 

 

The study group was composed by 22 PKU children with ages between 8 and 13, 12 girls and 10 

boys.  

 

The criteria followed, once the target is to study also the obesity incidence, were the same used 

to adiponectin’s experiment. However the point 3.1.7 was eliminated once the diet of this 

population is under control by the pediatricians.  
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4. Methods 

 

4.1 Adiponectin G276T polymorphism analyses  

 

To analyze this polymorphism, the DNA of the patients’ blood samples must be extracted, 

amplified and sequenced.   

 

4.1.1 Protocol for DNA extraction 

 

DNA was extracted from samples of blood that had been conserved in a freezer at - 20°C. For 

that it had been used a commercial DNA extraction Kit – QIAmp® DNA Blood Mini Kit, from 

QIAGEN. 

 

� Lysis 

1. Defrost one sample of blood 

2. Add 200 µl of unfrozen blood and 20µl of Protease K into an eppendorf tube 

3. Add 200 µl of buffer AL, and put in vortex for 15 seconds 

4. Incubate in water, at 56°C for 10 minutes, in a thermo regulated bath BE-123T from 

BICASA 

 

Protease K is an enzyme that catalyses the cellular lysis of the blood cells in order to free the 

DNA inside. It has no DNase or RNase activity and presents a protease activity of 600 mAU/ml 

solution (or 40 mAU/mg protein). To stabilize this reaction in order to be optimized it must be 

added a buffer: AL, containing guanidine hydrochloride. This reaction has its optimal temperature 

around 56ºC, an incubation time longer than 10 minutes have shown no improvement of lysis or 

quality of final DNA).  

 

 

� Purification 

5. Add 200 µl of ethanol (90%) - prepared from 96% Ethanol  (0,805 g/mL) from J.T.Baker - 

and mix at the vortex for 15 seconds 

6. With a non graduate pipette remove all the blood to the kit’s columns  

7. Put in centrifuge (Beckman GS-15) at 8000 rpm for 1 minute and after change the tube 

under the column 
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8. Add 500 µl of buffer AW1 and centrifuge at 8000 rpm for 1 minute and after change the 

tube under the column 

 

9. Add 500 µl of buffer AW2 and centrifuge at 12500 rpm for 4 minutes and after clean and 

re-use the tube under the column 

10. Recentrifuge at 12500 rpm for 1 minute and after change the tube under the column to an 

eppendorf  tube 

11. Add 200 µl of buffer AE and centrifuge at 8000 rpm for 1 minute 

 

Note: until step 11 the product to retain was always in the column, once this last buffer is a 

elution buffer the product to retain now (and the final one) is in the eppendorf under the 

column. 

 

12. Conserve eppendorf with the extracted DNA at 4 °C 

 

The first centrifugation and addition of ethanol serves to remove drops from the inside of the lid. 

The buffers AW1 and AW2 are wash buffers and with the elution buffer AE complete the 

purification process.  

 

The commercial kit assures a DNA concentration of approximately 34 µg/µL, for an initial volume 

of blood 200 µl. Of course, this concentration will vary from blood sample to blood sample, but 

can be accepted as a good approximation, as it doesn´t interfere with the final results. 

 

4.1.2 Protocol for DNA amplification (Polymerase Chain Reaction): 

 

1. Add 5 µl of extracted DNA solution (approximately 170 µg of DNA) 

2. Prepare a mix with:  

2.1 - 2 µl (80nM) of Primer reverse prepared from a 100µM solution, with 

a dilution of 1:100, from Invitrogen  

2.2 – 2 µl (80nM) of Primer Forward, prepared from a100µM solution, 

with a dilution of 1:100, from Invitrogen 

2.3 - 9,8 µl of Water  

2.4 – 4,5 µl of dNTP (Deoxyribonucleotide triphosphate) 100µM, 

prepared from a solution 556 µM made of 4 solutions, one of each base: 

GeneAmp® dNTPs (3,2 µmoles, 320 µL, 10mM ) from Applied BioSystems 
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2.5 -1,5 µl (25M) of MgCl2 co-factor, from a 25mM, 1,5mL solution of 

Roche 

2.6 - 0,2 µl (1U) of enzyme Taq Polimerase enzyme – AmpliTaq Gold, 

250 Units, 5U/ µL, from Roche 

 

3. Add 20 µl of the mix above 

 

4. Put the 25 µl into GenAmp PCR System 2400, of Applied Biosystems with the next 

conditions: 

4.1 - 94°C for 5 minutes  

 

4.2 - 94 °C for 30 seconds 

4.3 - 47°C for 30 seconds 

4.4 - 72°C for 30 seconds 

 

4.5 - conserve at 4°C until the next step of the pr ocess 

 

The first temperature serves to activate the Taq polymerase activity that will catalyzes the 

elongation of the chain. The temperatures 4.2 – 4.4 are the 3 temperatures that will be repeated 

along the 25 cycles. 4.2 corresponds to denaturation temperature to get single DNA chains, 4.3 

corresponds to annealing of the primers and 4.4 to elongation process – when dNTPs bonds to 

simple chains making a new double DNA chain, that will be denatured in the next cycle to repeat 

all the process. In theory, the final quantity of DNA is 2n copies, with n being the number of 

cycles. The final temperature is just for conservation. The whole process can be well understood 

in Figure 4.1.  

 

 

Figure 4.1  – PCR process, available at (107) 
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The primers function is to combine to DNA single chains, recognizing it (annealing process) and 

promoting the beginning of elongation. It had been chosen a dilution of 1:100 (80nM) because it 

had been verified to have enough strength to start the process. The MgCl2 is a co-factor to Taq 

polymerase enzyme. And the dNTPs is the solution with the four types of bases (Guanine, 

Timine, Adenine and Cytosine) that will attach to the single chains and build the new chains. 

 

The quantities used are the result of trying until get a good final result. Witch means a successful 

PCR and a good sequencing lecture.   

 

 

4.1.3. Protocol for Electrophoresis process: 

 

1. Prepare an agarose gel with 6 grams of agarose and 200 µl of buffer TAE (Tris-Aceteate-

EDTA buffer). The Agarose is from Shelton Scientific Inc, and will give the gel a strength 

of more than 1000g/cm2, a Melting point of 88ºC(+/-1) and a Gelling point of 37ºC(+/-19). 

The TAE is 10x from Eurolone®. 

2.  Add 5 µl of orange coloring - (0,03µL orange/µL solution), prepared from a 0,1g/ml 

Sigma® solution -  into an ependorf  

3. Add 5 µl of amplified DNA to the same ependorf 

4. Put into the gel’s wells 10 µl of the result of the mix between 2. and 3. 

5. Submit it to a 120 volts camp, of 400mAmp, for 10 minutes in a Power Pac 300 from a 

BioRad  

6. Watch the result into a UV camera - Gel Doc 1000, from BioRad - using Molecular 

Analyst 1.3 Software, from BioRad. Confirm if the PCR was successful and if so continue 

to sequencing if not, repeat PCR or, if the problem remains re-extract from blood sample. 

 

The Electrophoresis had been done to confirm the success of PCR process before going to 

sequence process (a long and expensive process). Examples of a gel in which the PCR is ok to 

continue and another where it is not, can be found in annexes (figures A3 and A4) 

 

4.1.4 Protocol for Sequencing: 

 

1. Doing an asymmetric PCR with primer Forward (once the target gene is next to this 

border):  
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1.1 - Add a solution with 3 µl of primer forward, 2 µl of BigDye® Terminator 

Solution – sequencing RR-100 from Applied Biosystems, 1,5 µl of water and 

1,5 µl of buffer BigDye® Terminator, from Applied Biosystems 

1.2 - Add 3 µl of amplified DNA 

1.3 – Put into GenAmp PCR System 2400, of Applied Biosystems with the 

following conditions : 

                         1.3.1 – 94ºC, 10 seconds 

1.3.2 – 50ºC, 5 seconds 

1.3.3 – 60ºC, 4 min 

 

In this case it was not needed to activate the enzyme, or even add it, because it was already in 

BigDye solution and it is auto activated by the first temperature of the cycle. These 

temperatures must be repeated for 25 cycles. This process will put fluorescents marked bases 

into the single chains so they can be easily identified and be able to give an information about 

the sequencing of the original chain.  

 

2. Column cleaning: 

                                  2.1 - centrifuge the resin at 2100 rpm for 3 minutes 

                             2.2 - put the columns into clean ependorfs  

     2.3 - put the 20 µl simples into the columns 

                                  2.4 -  centrifuge at 2100 rpm for 3 minutes 

3. Add 7 µl of cleaned DNA 

4. Add 15 µl of water 

5. Run the samples on the sequencing machine – ABI PRISMTM , 310 Genetic Analyzer, 

from Applied Biosystems 

6. Read with Sequence Navigator Software  

 

The identification of the fluorescent bases is made by software associated to the sequencing 

machine – ABI PRISMTM Collection and and ABI PRISMTM Sequencing Analysis. After saved 

on a ZIP for Macintoch® , the results will be read in the Sequence Navigator Software and the 

graphics obtained, which can allow the identification of the mutation and/or type if it (if it is 

heterozygotic or homozygotic), can be seen in the annexes on figures A18 to A20.  
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4.2 PPAR-  γ γ γ γ polymorphism analyses 

 
The protocol used is very similar to the one mentioned on point 4.1. So, only the differences will 

be presented in this point. 

 
 
PCR :  
 
 

1. Add 5 µl of extracted DNA solution (approximately 170 µg of DNA) 

2. Prepare a mix with:  

2.1 - 2 µl (80nM) of Primer reverse prepared from a 100µM solution, with 

a dilution of 1:10, from Invitrogen  

2.2 – 2 µl (80nM) of Primer Forward, prepared from a100µM solution, 

with a dilution of 1:10, from Invitrogen 

2.3 - 9,8 µl of Water  

2.4 – 4,5 µl of dNTP 100µM, prepared from a solution 556 µM made of 4 

solutions, one of each base: GeneAmp® dNTPs (3,2 µmoles, 320 µL, 10mM ) 

from Applied BioSystems 

2.5 -1,5 µl (25M) of MgCl2 co-factor, from a 25mM, 1,5mL solution of 

Roche 

2.6 - 0,2 µl (1U) of enzyme Taq Polimerase enzyme – AmpliTaq Gold, 

250 Units, 5U/ µL, from Roche 

 

3. Add 20 µl of the mix above 

 

4. Put the 25 µl into GenAmp PCR System 2400, of Applied Biosystems with the next 

conditions: 

a. - 94°C for 10 minutes  

 

b. - 94 °C for 30 seconds 

c. - 56°C for 30 seconds 

d. - 72°C for 30 seconds 

 

e. - conserve at 4°C until the next step of the pro cess 

f.  - 30 cycles 
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The conditions used are, also in this case, the result of trying until get a good final result. 
 

4.3 Plasma Fatty Acids Analyses 

 

4.3.1 Total Lipid Extraction Protocol – Folch’s method 

 

� Homogenization and separation of organic and aqueous phases  

 

1. Put consecutively 1ml of distillated water, 4 ml of methanol (ISO, MERCK) and 8 ml of 

chloroform ( ACS, ISO, MERCK) into 0,5 ml of plasma. This should be done in presence 

of BHT (Butil-Hydroxi-Toluene) – 5 µl for each ml of mix - which acts like an antioxidant.  

2. Agitate the tubes and leave them at -20ºC for at least 2 hours so they can separate better 

their aqueous and organic phase.  

3. The phase below – non polar - must be recovered and dried under N2 stream and put on 

a volume of 500 µl of chloroform/methanol (2:1), for homogenization. 

 

 

� Total lipid quantity analysis 

   

4.  To get the total lipids quantity use 25 µl of the plasma sample to do its gravimetric 

analysis, with a microanalitic scale Sartorius M2P. 

 

4.3.2. Protection by methylation 

 

A part of the sample should now be submitted to methylation so the acid group can be protected 

and identified latter.  

 

1. Put 300 µg of total lipids with 3 mL of methanol/HCl 3N (Supelco); 

2. Put the tube in a stove, at 90ºC, for 1 hour; 

 

As an intern standard for quantitative analysis it is done: 

 

3. 10 µg of C17:0 (Sigma) in 100 µl of cycle hexane (Lichorosolv Merck) 
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The HCl determines with an acid hydrolysis the ester bounds in which the groups –COOH of the 

fatty acids are bounded. Methanol on the other side, allow the formation of methyl esters of fatty 

acids. This transformation makes the acids more thermo-stable and so allows a more efficient 

separation by gas-chromatography. 

 

After the methylation, the methyl ester (FAME) should be separated from the rest of the sample. 

4.3.3. Extraction of methyl ester groups 

 

1. Put 6 mL of water in the sample and for three times put 3 mL of n-hexane.  

2. The methyl esters are recuperated in the superior phase, the organic one. 

3. The organic phase is dried under nitrogen and recuperated in 100 µL of n-hexane     

4. At this point the sample is analyzed in a chromatography capillar (HRGC serie Mega 2 

Fisons with FID - Flame ionizing detector) 

   

4.3.4. Peaks’ separation 

 

The separation of the peaks that correspond to each long chain fatty acid (between 14 and 24 

carbon atoms) is done in capillary column Omegawax 320 (30m, 0,32mm I.D., 0,25µm film 

thickness. The temperature gradients used were  

 

1. Between 60 and 150ºC at 10ºC/min;  

2. between 150 and 170ºC at 5ºC/min: 

3. between 170 and 230ºC at 2ºC/min 

  

These different gradients are used to reach, in the more efficient way found, the different 

molecules of fatty acids. Some of them are registered on the first gradient and others on higher 

temperatures. The speed is increased to achieve faster the temperatures at which the other 

molecules can be detected. 

 

The mobile phase is made of inert gas – helium. The methyl esters are injected in solution in 

evaporation camera of gas chromatograph. Then, it is transformed in vapour and absorbed by the 

stationary phase on the chromatography column.  
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The speed in the column is lower the heavier the fatty chain is and the higher the number of 

double bounds presents in the same chain.  

 

The revelation of the results is done by the Flame ionizing detector. This revelator is destructive 

because the molecules are broken in the middle by a flame, fed by air’s hydrogen. The 

combustion of organic compounds leads to ions formation that, if submitted to an electric field, 

origin an electric current proportional to quantity of fatty acids.  

 

The recognizement of the methylesters groups is done by comparision between retention times of 

chromatographic peaks contained in the sample and retention times of methyl ester of a standard 

solution (SIGMA, cod.189-19, with methyl esters saturated, monoinsaturated and polinsaturated  

with  chain’s length between 8 and  24 carbon atoms). 

4.3.5. Peaks integration 

 

This integration is done by an appropriated software - Chromcard versione 1.19.  
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5. Results 

 

The discrete random variables are expressed in terms of average or number of observed cases 

(percentage). For continue random variables ANOVA or appropriate Mann-Whitney tests were 

used. 

The triglycerides, basal insulin and HOMA that do not present a Gaussian distribution, were log-

transformed in order to evaluate the relationship with the polymorphism. 

For BMI, because directly it influences insulin resistance corrections with z-score calculation 

(Equation1.2) were made. 

The difference between averages were considered statistically significant for values p < 0,05. In 

cases of significance (P<0,05) – only for adiponectin’s case - association between polymorphism, 

insulin resistance (basal insulin and HOMA) and plasma fatty acids values was repeatedly tested 

with logistic multiple regression.  

This analysis was made using in SPSS (Statistical Package for the Social Sciences) 15.0 for 

windows. 

 

5.1 Adiponetcin polymorphism 

5.1.1 Evaluate the frequency of the +276G<T adiponetcin polymorphism in obese children 

population 

 

The allelic frequency of the polymorphism +276G>T on the population under study (n=93) was 

verified to be 29,6%, as the number of alleles are 186 and the total mutated alleles are 55 (37 

from heterozygotes and 18 from homozygotes). The polymorphism distribution verified is: 

� n=47, or 50,5% of the patients do not present polymorphism 

� n=37, or 39,8% of the patients present heterozygote polymorphism  

� n=9, or 9,7% of the patients presents present homozygote polymorphism 
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Figure 5.1  – Adiponectin’s SNP+276G>T polymorphism distribution according to gender 
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Figure 5.2 –  Frequency of  homo and heterozygotic mutations and wild type (normal) 
 

5.1.2. Anthropometric parameters and children metabolic profile, according to existence of 

+276G>T polymorphism  

 

Table 5.1 represents the occurrence of polymorphism on children under study and the 

anthropometric parameters.  

 

The distribution verified between genders does not represent significant differences. Therefore it 

cannot be said that one polymorphism is more common in one gender than in another.  

 

The distribution of Tanner stage has not shown any difference between polymorphism carriers 

and not carriers (p=0,123) as can be seen in table 5.1 
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Table 5.1  – Tanner distribution according to SNP+276G>T incidence 

% Polymorphism 
Without 

Polymorphism 

Stage I 47,5 63,6 
Stage II and III 37,5 27,2 
Stage IV and V 15 9 

 

 

Concerning glucidic metabolism a decrease of insulinemia in fasting (p=0,007) and HOMA 

(p=0,006) was found when comparing obese children with polymorphism and without. This 

relationship is relevant also when the factors from which these two items depend are normalized: 

weight, BMI z score, years of obesity and gender. 

 

For anthropometric indexes and metabolic profile there were not observed any relevant 

differences, particularly there is no association between BMI z-score and polymorphism +276G>T 

presence.  
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Figure 5.3 –  Anthropometric and metabolic parameters according to polymorphism’s occurrence  
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Table 5.2. – Averages and p-value for anthropologic and metabolic data distributed according to 

SNP+276G>T occurrence 

Snp +276 G/G Snp +276 G/T e 
T/T 

 

(n= 47) (n= 46) 

P-value 
± 

Gender 
(male/female) 

24/23 25/21 0.751 

Systolic blood 
pressure (mmHg) 

109  (10) 110  (10) 0.568 

Diastolic blood 
pressure (mmHg) 

68  (8) 67  (7) 0.487 

Age 9.97 (1.66) 10,38 (1.82) 0.240 
BMI z-score 2.16  (0.41) 2.28  (0.36) 0.089 

Glycemia (mg/dl) 85.38  (5.7) 87.73  (9.3) 0.225 

Insulinemia 
(mU/ml) 

12.23  (6.4) 18.5  (7.4)   0.061* 

HOMA-IR 2.57  (1.4) 4.04  (1.7)  0.045* 

Total cholesterol 
(mg/dL) 

170.04   (29.7) 168.67 ( 25) 0.812 

HDL (mg/dl) 49.79  (14.1) 48.78  (10.1) 0.222 

LDL (mg/dl) 98.45  (30) 95.41  (25) 0.900 

HDL/LDL 2.11 (0.86) 2.02  (0.66) 0.380 

Triglycerides  
(mg/dL) 

109.98  (64.6) 108.93  (56.6) 0.540 

 

 

 

( ) ± Values adjusted for BMI Z score. 

*Difference statistically significant. 
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5.1.3 Fatty Acids and phospholipid’s profile in obese children, according to the presence of 

+276G> Tpolymorphism 

 

Tables 5.4 and 5.5 show the fatty acids profile in plasma and in phospholipids divided as 

presence or absence of adiponectin’s polymorphism. 

 

It can be observed that the plasma profiles of children with polymorphism have higher levels of 

saturated fat (p=0,056), of n-6 LCPUFAs (p=0,015) and of arachidonic acid (0,011) and lower 

levels of monounsaturated (p=0,016) and alpha-linolenic acid (p=0,011) 

 

Phospholipid’s profiles of children with polymorphism have evidenced higher values of n-6/n-3 

LCPUFAs levels (p=0,005) and lower levels of n-3 LCPUFAs (0,043), of alpha-linolenic acid 

(p=0,017) and DHA/AA (p=0,048). 

 

These associations are relevant also when standardized with BMI z-score correction. 

 

A logistic regression model was used in order evidence any independent association between 

polymorphism and HOMA and % of plasma phospholipids. This analysis has shown that HOMA 

(OR 1.35 CI 1,03 – 1.77), monounsaturated levels (OR 1.46 CI 1.13 – 1.87) and ratio n-6/n-3 

LCPUFAs (OR  3.4 CI  1.63 – 7.1 ), are independently associated to adiponectin’s polymorphism.  
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Table 5.4 - Averages and p-value for plasma fatty acids distributed according to SNP+276G>T occurrence 

  

Snp +276 G/G Snp +276 G/T e 

T/T 

            

(n= 47) (n= 46) 

P-value ±  

Saturated 35.2 (2.1) 36.3 (2.3) 0.041* 

Monounsaturated  27.2 (3.2) 25.8 (2.7) 0.016* 

Polyunsaturated 37.5 (4.2) 37.8 (3.5) 0.479 

n-6 PUFA 34.8 (4.2) 35.1 (3.4) 0.485 

n-3 PUFA 2.6 (0.6) 2.5 (0.7) 0.933 

n-6/n-3 PUFA 14.3 (3.5) 14.5 (3.2) 0.774 

n-6 LCPUFA 9.3 (1.7) 10.1 (1.4) 0.015* 

n-3 LCPUFA 2.2 (0.6) 2.3 (0.7) 0.508 

n-6/n-3 LCPUFA 4.4 (1.0) 4.7 (1.0) 0.222 

C18:2n-6 25.4 (3.7) 25.0 (3.0) 0.650 

C20:4n-6 6.5 (1.3) 7.2 (1.2) 0.013* 

C18:3n-3 0.33 (0.12) 0.27 (0.09) 0.012* 

C20:5n-3 0.44 (0.15) 0.43 (0.19) 0.911 

C22:6n-3 1.4 (0.5) 1.5 (0.5) 0.424 

C20:3n-9 0.14 (0.08) 0.17 (0.08) 0.312 

C20:5n-3/C20:4n-6 0.07(0.02) 0.06 (0.02) 0.094 

C22:6n-3/C20:4n-6 0.22 (0.07) 0.21 (0.06) 0.449 

 

 

 

( ) ± Values adjusted for BMI Z score. 

*Difference statistically significant . 
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Table 5.5 -  Averages and p-value for phospholipidic fatty acids distributed according to SNP+276G>T 

occurrence 

 Snp +276 G/G Snp +276 G/T e T/T 

 (n= 47) (n= 46) 

P-value ±  

Saturated 48.3 (2.1) 48.4 (3.7) 0.912 

Monoinsaturated 16.6 (1.6) 17.6 (2.9) 0.131 

Polinsaturated 35,01 (3.3) 33.91 (3.4) 0.158 

n-6 PUFA 31.8 (3.1) 31.0 (2.7) 0.190 

n-3 PUFA 3.0 (0.7) 2.8 (0.9) 0.187 

n-6/n-3 PUFA 11.1 (2.9) 12.2 (3.3) 0.170 

n-6 LCPUFA 12.9 (2.1) 12.8 (2.7) 0.985 

n-3 LCPUFA 3.01 (0.6) 2.7 (0.9) 0.080* 

n-6/n-3 LCPUFA 4.4 (0.7) 5.0 (0.9) 0.003* 

C18:2n-6 18.9 (2.5) 18.2 (1.9) 0.085 

C20:4n-6 8.7 (1.7) 8.6 (2.1) 0.881 

C18:3n-3 0.10 (0.04) 0.08 (0.03) 0.014* 

C20:5n-3 0.34 (0.12) 0.31 (0.1) 0.279 

C22:6n-3 2.07 (0.6) 1.9 (0.7) 0.330 

C20:3n-9 0.15 (0.05) 0.16 (0.08) 0.276 

C20:5n-3/C20:4n-6 0.04 (0.01) 0.04 (0.01) 0.134 

C22:6n-3/C20:4n-6 0.24 (0.06) 0.22 (0.06) 0.083* 

 

 

( ) ± Values adjusted for BMI Z score. 

*Difference statistically significant . 

 
 
 

5.1.4 Hepatic echogenicity in mutated children and respective fatty acid and phospholipid profile 

 

For hepatic echogenicity it was observed that the patients with polymorphism shown a higher 

frequency of this condition than the ones that do not have the polymorphism (p=0,063). There 
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was also found some relevance on the distribution of hepatic hyperechogenicity degree and 

presence of polymorphism (p=0,042), like it can be seen in the table 5.6. 

 

Table 5.6 – Distribution of Hepatic echogenicity degree according to polymorphism’s occurrence 

Degree Polymorphism 
Without 

polymorphism 

0 57,8 76,1 
1 24,4 19,6 
2 13,3 2,2 
3 4,4 2,2 

   
 

In the table 5.7 are the results of the confrontation between fatty acids profile in phospholipids in 

patients with polymorphism (n=46) divided according to the presence or absence of hepatic 

hyperechogenicity. Children with hepatic hyperechogenicity have higher levels of n-6 LCPUFAs 

(p=0,05) in plasma phospholipids. 

 

Table 5.7  – Averages and p-values for Phospholipid’s Fatty Acids’ profile according to presence or absence 

of Steatosis 

 Steatosis 

  

Normal 
Echogenicity of 

liver 
  

P-value 

Saturated 48.6 (4.3) 48.1 (2.7) 0.345 
Monounsaturated  18.3 (3.2) 17 (2.3) 0.279 
Polyunsaturated 33,1 (3.3) 34.9 (2.6) 0.093 

n-6 PUFA 30.3 (3.0) 31.9 (2.0) 0.050* 
n-3 PUFA 2.7 (0.9) 2.9 (0.8) 0.357 

n-6/n-3 PUFA 12.4 (3.5) 12.0 (3.2) 0.836 
n-6 LCPUFA 12.3 (2.7) 13.3 (2.5) 0.231 
n-3 LCPUFA 2.6 (0.9) 2.7 (0.8) 0.375 

n-6/n-3 LCPUFA 4.9 (0.9) 5.0 (0.8) 0.945 
C18:2n-6 17.9 (1.8) 18.6 (1.9) 0.322 
C20:4n-6 8.3 (2.1) 9.1 (1.9) 0.231 
C18:3n-3 0.08 (0.03) 0.09 (0.03) 0.073 
C20:5n-3 0.31 (0.09) 0.32 (0.1) 0.686 
C22:6n-3 1.8 (0.7) 1.9 (0.6) 0.549 
C20:3n-9 0.15 (0.08) 0.17 (0.09) 0.844 

C20:5n-3/C20:4n-6 0.04 (0.01) 0.04 (0.01) 0.369 
C22:6n-3/C20:4n-6 0.22 (0.06) 0.22 (0.05) 0.612 
C22:6n-3/ C18:3n-3 26.5 (12.6) 23.0 (8.7) 0.376 

 

 

( ) ± Values adjusted for BMI Z score. 

*Difference statistically significant . 
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Table 5.8 shows the relationship between fatty acids profile and every patients with hepatic 

hyperechogenicity (n=30) stratified according to the presence or absence of polymorphism. In 

patients without hyperechogenicity the polymorphism is associated to lower levels of alpha-

linolenic acid (0,037) and lower ratio EPA/AA (p=0,007) 

 

 

 

 

Table 5.8  – Averages and p-values for Phospholipid’s Fatty Acids’ profile according to presence or absence 

of adiponectin polymorphism in patients with Steatosis  

 Snp +276 
G/G 

Snp +276 
G/T e G/G 

  (n= 11) (n= 19) 

P-value 

Saturated  47.9 (1.5) 48.1 (2.7) 0.682 
Monounsaturated  16.0 (1.3) 17 (2.3) 0.189 
Polyunsaturated 36.1 (2.5) 34.9 (2.6) 0.196 

n-6 PUFA 32.8 (2.2) 31.9 (2.0) 0.189 
n-3 PUFA 3.1 (0.8) 2.9 (0.8) 0.401 

n-6/n-3 PUFA 11.2 (3.2) 12.0 (3.2) 0.504 
n-6 LCPUFA 13.0 (1.9) 13.3 (2.5) 0.813 
n-3 LCPUFA 3.0 (0.6) 2.8 (0.8) 0.354 

n-6/n-3 LCPUFA 4.5 (0.8) 5.0 (0.8) 0.161 
C18:2n-6 19.8 (1.9) 18.6 (2.0) 0.116 
C20:4n-6 8.7 (1.7) 9.1 (1.9) 0.767 
C18:3n-3 0.12 (0.04) 0.09 (0.03) 0.037* 
C20:5n-3 0.39 (0.11) 0.32 (0.1) 0.123 
C22:6n-3 2,0 (0.6) 1.9 (0.6) 0.611 
C20:3n-9 0.14 (0.03) 0.17 (0.09) 0.899 

C20:5n-3/C20:4n-6 0.04 (0.01) 0.03 (0.01) 0.007* 
C22:6n-3/C20:4n-6 0.24 (0.07) 0.22 (0.05) 0.328 
C22:6n-3/ C18:3n-3 18.6 (8.3) 23.0 (8.7) 0.171 

 

 

( ) ± Values adjusted for BMI Z score. 

*Difference statistically significant . 
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5.2 PPAR-  γ γ γ γ Results  

 

5.2.1 Evaluate the frequency of the PPAR- γ polymorphism in PKU children population 

 

The allelic frequency of this polymorphism, in the studied PKU population (n=22) was verified to 

be 4,5%, as the number of alleles are 44 and the total mutated alleles are 2 (because  both 

mutations are heterozygotes). The observed polymorphism distribution is: 

� n=20, or 91% of the patients do not present polymorphism 

� n=2, or 9% of the patients present heterozygote polymorphism  

PPARg Polymorphism according to gender

4,5%

50,0%

4,5%

40,9% Girls with polymorphism

Girls without polymorphism

Boys with polymorphism

Boys witout polymorphism

 
Figure 5.4  – PPAR- γ polymorphism distribution according to gender 

 

 

5.2.2. Anthropometric parameters and children metabolic profile, according to existence of PPAR-

 γ polymorphism  

 

In this case, there is, besides a non anthropologic association (as p value for BMI z-score is 

0,308) with the presence of the polymorphism, there is not a metabolic association either (p 

values for insulinemia and HOMA are respectively 0,843 and 0,771). 
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Figure 5.5 - Anthropometric and metabolic parameters according to polymorphism’s occurrence 
 

 

Table 5.9 - Averages and p-value for anthropologic and metabolic data distributed according to PPAR- γ 

polymorphism occurrence 

 
Without 

polymorphism Polymorphism   

  n=20 n=2 p-value 

Gender (boys/girls) 9/11 1/1 0,899 
Age 9,1 (1,7) 10 (2) 0,511 

BMI z-score 0,4817 (1,3) 1,4 (0,014) 0,308 
Glycemia (mg/dl) 83 (6,1) 81,5 (0,71) 0,724 
Insulinemia µU/ml 7,4 (4,5) 8,1 (4,0) 0,691 

HOMA 1,5 (0,85) 1,6 (0,8) 0,771 
Cholesterol (mg/dL)) 140,5 (22,6) 159,5 (6,3) 0,26 

 

 

( ) ± Values adjusted for BMI Z score. 

 

5.2.3.Phospholipids’ fatty acids  profile in PKU children, according to the presence of PPAR- γ 

polymorphism 

 

The principal fatty acids that showed a previous association to this polymorphism (BIBLIO) have 

been analyzed according the presence or absence of the PPAR- γ polymorphism. But this 

population has not shown any association with this fatty acids and polymorphism’s occurrence – 

any of p-values were inferior to 0,05. 
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Table 5.10 - Averages and p-value for phospholipidic fatty acids distributed according to PPAR- γ 

polymorphism occurrence 

 

Without 

polymorphism Polymorphism p-value 

  n=20 n=2   

Saturated 32,4 (5,8) 35,0 (0,8) 0,549 

Mono-insaturated 26,8 (4,7) 24,9 (3,7) 0,581 

Poli-insaturated 40,8 (4,6) 40,2 (4,5) 0,852 

n-6 LCPUFA 10,7 (2,3) 11,9 (2,1) 0,496 

n-3 LCPUFA 1,6 (0,39) 1,7 (0,03) 0,674 

n-6/n-3 LCPUFA 7,03 (2,15) 6,96 (1,10) 0,966 

n-6PUFA 40,6 (4,5) 37,9 (4,5) 0,444 

n-3PUFA 1,88 (0,40) 2,01 (0,07) 0,67 

n-6/n-3PUFA 22,57 (5,91) 18,81 (1,56) 0,404 

      

C18:2n-6 26,9 (5,9) 26,0 (6,6) 0,828 

C20:4n-6 7,9 (2,6) 8,2 (1,5)  0,842 

      

C18:3n-3 0,32 (0,14) 0,30 (0,19) 0,895 

C20:5n-3 0,24 (0,11) 0,33 (0,13) 0,293 

C22:6n-3 1,9 (0,99) 1,1 (0,159 0,405 

 

 

( ) ± Values adjusted for BMI Z score. 
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6. Discussion and Conclusions 

 

The goals of this study were to correlate the polymorphism +276T>G at adiponectin gene and 

polymorphism Pro12Ala at PPAR-γ gene and insulin resistance and plasma fatty acid profile in 

obese children’s population.  

 

Obesity is by itself one of the biggest risk factors for cardiovascular diseases and also for 

development of type 2 diabetes. The presence of phenotypic effect of +276 G>T polymorphism 

can than represent an additional risk factor to develop insulin resistance. It also increases fatty 

acids oxidation on muscular tissue and so changes energy consumption. This probably happens 

through regulation of synthesis and activity of proteins associated to triglycerides metabolism (like 

CD36, acyl co-A oxidase, PPAR-γ). 

 

It makes sense an association between insulin resistance and composition of membrane 

phospholipids of muscular cells, as skeletal muscle is one of the places where insuline most act.  

 

LCPUFAs are between the biggest cellular membrane components. Studies had demonstrated 

that low levels of DHA and other LCPUFAs and most of all the ratio LCPUFAS n-6/n-3 in 

phospholipids of muscular skeletal cells membrane are associated to insulin resistance condition 

in adults (108,109).  

 

In breast milked children, the development of higher levels of LCPUFAs in phospholipids in 

muscular cells is associated to lower levels of glycemia in fasting (110). Early changes in 

saturation index of phospholipids of muscular membrane can play a role on occurrence of insulin 

resistance. It was demonstrated (111) a relevant difference on muscular cell membrane’s 

composition - sons of women with high values of insulinemia and glycemia had shown lower 

levels of unsaturated fatty acids in muscular cells membranes comparing to mothers normo-

insulinemic and normo-triglyceric. This situation can indicate a capacity, genetically determined to 

incorporate PUFAs in the membrane, inducing a pre disposition to insulin resistance. 

 

The normal distribution of fatty acids in cholesterol and triglycerides is different from the one 

verified on phospholipids and free fatty acids (60). So hypercholesterolemia and hypertriglycemia 

can interfere on plasma fatty acids profile. For that reason, in this study, obese children but with 

normal values of colesterol and also tryglicemia – normolipidemic - were selected. 
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6.1 Adiponectin’s polymorphysm results 

 

The present study indicates a SNP +276G>T presence frequency in about 50% of the obese 

sample studied. This frequency is in line with the ones already presented in other studies. 

 

The results evidence a possible relationship between an increase of insulin sensivity and 

presence of SNP+276. As is can be seen on table 5.2, children with this polymorphism show 

higher values of insulinemia in fasting and also of HOMA. This trend was the same found already 

in italian adult population (112) 

 

Red blood cell profile seems to reflect the Fatty Acids profile (and most of all PUFAs) of 

membrane’s phospholipids of muscular cells. It has been already demonstrated that the type of 

diet is equally relevant on erythrocytes and muscular cells’ fatty acids’ composition. (113) 

 

It is known that an increase in n-6/n-3 LCPUFAs in muscular cells’ membrane is normally 

associated to insulin resistance. Since relevant differences on consumption of the principal 

macronutrients were not found, it can be hypothesized that the presence of SNP +276 G>T can 

induce a change on LCPUFAs’ distribution of muscular cells. This change can then expose the 

polymorphism’s carriers to a higher risk of developing insulin resistance condition.  

 

One of the major limitations of this study is the impossibility to estimate the dietary consumption 

of every single fatty acid and so evaluate the relationship between that consumption and plasma 

fatty acids’ levels. 

 

Considering this limitation, it can also be concluded that obese children that have polymorphism 

SNP +276 G>T on adiponectin’s gene seem to be more exposed to metabolic conditions through 

a mechanism that includes a change on LCPUFAs distribution at muscular cells’ membrane level. 

 

 

On a molecular bases, this mutation is localized on a non-encoding region of the gene – intron, 

but it can still interferes in protein syntheses. Therefore, the change in adiponectin’s performance 

should be, hypothetically, due to one of two reasons: 
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– If the mutated intron is in a recognition splicing* location  it could lead to the 

lost of its function, which can result for instance in premature stop codons, exons 

lost or even inclusion of introns in mRNA. It could also form a new splicing 

location leading to different mRNA forms, which encode different proteins. If this 

happens, the produced protein should be sequenced but sometimes this kind of 

mutations can even lead to a mix of different mRNA forming different proteins, 

and therefore the cDNA should be sequenced to detect the intron region. It can 

also be verified if a low quantity of expressed protein exists - If the cellular 

machinery detects abnormal forms of transcript mRNA not letting it to be 

released into the cytoplasm and therefore only the “normal mRNA” would be 

detected.    

– If the mutated intron is a part of some regulatory region it can changes the 

transcript levels. These changes can be detected by doing a Real Time-PCR, to 

observe the level of these transcripts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*The splicing mechanism consists in modifications of genetic information after transcription, in 

order to remove introns of precursor messenger RNA (pre-mRNA) and join its exons. 
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6.2. PPAR-γγγγ polymorphism results 

 

San Paolo Hospital, in Milan, is the principal Italian center for metabolic diseases, in particular for 

PKU is the reference center. PKU screening has been mandatory since 1992. Since then all the 

patients with PKU at neonatal screening are sent to this hospital. So the PKU population here is 

especially large (approximately 550). As an under-control diet population it is an opportunity to 

study some evidences already found on obese children and it can be conclude how relevant the 

genetic predisposition or protection is once the principal environmental conditions are now under 

controlled. 

 

Not all the PKU children are under diet. In fact there is a softer type of PKU that must only be 

continually followed by a doctor. The first step was to select a population under diet, and so with 

the correspondent mutations of genotypes 1 and 2 for PHA mutations (table 1.3). These children 

have been accompanied by a nutritionist since very young ages. And although the principal 

concern is the decrease of the consumption of phenylalanine, the nutritionist role becomes also to 

give to these children a balanced diet on every macronutrient.  Another concern when selecting 

the study group is the data available. This is a very rich population in terms of medical data, 

however they are not an obese population and so the data available specifically for this study is 

not as complete as the one available for adiponectin’s study. The principal concern was to have 

levels of insulinemia and glycemia (and so HOMA can be calculated) and some phospholipid’s 

fatty acids, once these were the values that, on the previous study made on obese children 

population (93), presented one association with PPAR-γ polymorphism.  

 

A previous study made in this hospital (93), revealed an association (protective effect) between 

PPAR-γ polymorphism and insulin resistance on obese children. Conclusions were that it acts 

preventing insulin resistance – one of the worst metabolic conditions associated to obesity. 

However some other studies, made in different countries like Brazil and France lead to different 

conclusions, suggesting a dependency on location and so, maybe, on diet habits. Then, the 

present study intends to give an idea on how much of the associations done in past studies are 

actually relevant comparing with food intake habits relevancy.  

 

The biggest limitation of this study was the number of patients studied – only 22 and the fact that, 

in these 22, only 2 are mutated on PPAR-γ. This low number happened because the blood tests 

are made only when these children go to “day hospital” (a day per year when they should go to 
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the hospital to be controlled).  In the future this number should definitely be increased. Another 

limitation is, as they are an obesity independent population, there are no data available on 

hepatic hyperechogenicity, as there is no sense on doing an ultrasound to these children. 

However, the data available should be enough to understand if there is a relevant real 

relationship between obesity occurrence and PPAR-γ polymorphism. 

 

In fact, only two of these 22 children have the polymorphism. And for that reason the results 

cannot be conclusive. But the fact is that there weren’t found no differences between these two 

mutated children and the others in which concerns the insulin resistance or higher PUFAs levels. 

But, they are just two mutated cases…  

 

However there is a situation of a child, with no polymorphism, that presents high levels of 

insulinemia (23,7µU/ml) and HOMA (4,4) which indicates trend to insulin resistance, suggesting 

another genetic predisposition to obesity once the diet is for itself very well controlled, but without 

the protective effect of PPAR-γ Pro12Ala polymorphism. 

 

The results are not conclusive also because there was not a significant correlation with relevance 

between the parameters in study and polymorphism’s incidence (all p values were superior to 

0,05 – as can be seen on table 5.10). If there were more cases like the one described – of a wild 

type carrier with more tendency to insulin resistance - and the number of heterozygotes found 

increased but continue to reveal no tendency to insulin resistance especially if some demonstrate 

tendency to obesity (with higher z-score BMI, for instance), it could be hypothesized that aside 

from the type of diet there is a real association with PPAR-γ and obesity incidence and also that 

once happened has a protective effect for insulin resistance. But about 10% of mutation 

frequency is a too low value, especially when the total population is so small has 22 patients.  
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6.3 Laboratory techniques  

6.3.1. Polymorphism’s analysis 

 

About the techniques used it must be said that the most critic point about that is the PCR 

process, on polymorphisms identification’s techniques. All the techniques used had already been 

improved by the operator by doing hospital routine. 

 

About the temperatures chosen, the most critical is always the annealing temperature. It depends 

mostly on GC quantity and length of the primer in use. It cannot be too high because of 

denaturation. However, if on the electrophoresis gel can be seen the result of non-specific 

annealing, the annealing (or melting) temperature should be increased in order to get less 

stronger bindings of DNA. In case there is nothing observed in the gel (see picture A4 of 

annexes) the annealing temperature should be decrease to improve DNA binding. So it was by 

changing all these parameters, having as a start point the conditions counseling by primer’s 

sellers, that the temperatures were achieve for each PCR program. For choosing these primers 

two things can be done: or there are so many studies in literature about some gene, that the 

same primers can be taken or, if there are not, they could be drawn on a program called Primer 

express. Here a primer can be chosen specially in base of:  

 

� less quantity of G-C as possible (because the stronger the DNA binds the more difficult 

annealing is)  

 

� it should not be nor two close not too far of the point in study. Not too close because the 

extreme points are always difficult to observe and so the study-point should not be close 

to them. Not too far, because the longer an amplified DNA must be the more mistakes 

can occur on PCR process. The ideal should be 40-50 pb far from the interest region. 

 

Another condition that can be changed in order to optimize the process is the number of cycles. 

The acceptable values for that are between 25 and 40. One can start by trying 30, which is the 

more usual. If the electrophoresis gel presents “dirty” bands the numbers of cycles should be 

decreased. If the result is no bands, there can be two reasons: the number of cycles is not 

enough (more probable, so it is the first thing to try) or the number of cycles is enough (or even 

more than enough) and any other conditions must be changed – like temperatures or times. In 

fact the increase of DNA with number of PCR cycles is 2n for every n cycles but only until a limit is 

reached (plateau phase) and it doesn’t matter how many more are done the quantity of DNA 

doesn’t increase more.  
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Sometimes, even making a program that usually works, the PCR does not result well. For that 

can be two major reasons: 

 

� The initial quantity of DNA is too much, depending on the type of the sample – so it 

should be used less DNA at PCR.  

 

� DNA has not been  well extracted so the extraction procedure must be repeated.  

 

By observing the final results obtained on sequence machine (figure A19 of annexes) it can be 

seen that the heterozygote example given to adiponectin polymorphism does not have a “N”, on 

the other hand the signal that can be seen for PPAR-γ mutated has. Why is this difference? Well, 

first of all, the “N” means that one allele is normal and the other is mutated. In theory they should 

exist in the same quantity and so the machine cannot choose the signal to pick, between one 

base and another and so, in these cases, it gives the signal “N”.  But the difference observed 

between the two heterozygotes presented it is not a difference between PPAR-γ heterozygote 

and adiponectin one. In fact there were examples of “N” in adiponectin results and examples of 

results with one base (normal or mutated) in PPAR-γ. The difference is just in the samples. The 

intensity of the picks varies according to the quantity of DNA. When instead of a “N” appears one 

of the bases (although in the graphic it can be seen the two of them) it means that in PCR 

process maybe it was amplified more DNA from one type of cells than from another. It also can 

be due to a laser reading defect. So, it is an experimental error but with no relevance once this 

experiment pretends to be only qualitative and not quantitative. In this case both mutations are 

typically germinal, what means that are inherited from parents, however there are cases of 

somatic mutations (acquired during life) and in this cases the difference of allele signals can be 

real and not an experimental error, as the mutation doesn’t have to be the same in all cells.   

 

To PPAR-γ polymorphism it was first thought to use another technique – TGCE (Temperature 

Gradient Capillary Electrophoresis). This technique is usually used to distinguish heterodouble 

from homodouble DNA molecules. This happens because the only thing that concerns is the 

melting lines. So this method can distinguish if there are one or two melting lines and so if we are 

in presence of one base or two different bases. It can be useful on some DNA polymorphisms’ 

detection as it is able to detect it without a prior knowledge of the sequence and it is also much 

faster and easier than the traditional process. (114) 

 

In this case (PPAR-γ), it seemed to be appropriate as in anterior studies it was shown to be in 

100% of the cases (93) a heterozygote polymorphism. However, when tested, it revealed not 
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such as good reproducibility as expected, showing different results from the ones achieved with 

the traditional process – particularly, showing heterozygotes where should be seen normal 

homozygotes.  

 

6.3.2. Fatty acids’ analysis 

 

 

The confrontation between fatty acids was done considering the percentage and not the absolute 

quantity expressed in µg/mL plasma. This form of presenting the results was chosen because the 

method used for extraction process -Folch’s method - involves some solvents. These solvents can 

evaporate easily at ambient temperature and even more at high temperatures reached inevitably 

in the chromatograph.   

 

So, it is not possible to avoid the evaporation process, that brings inevitably an increase of 

concentration of every fatty acids. However, this increase is proportional and so the percentages 

are more correct to present.  

 

In this study was evaluated the Total Plasma Fatty Acids profile, while representative of the 

metabolizable fatty acids pools – absorbed fatty acids, fatty acids present in cholesterol esters in 

circulation, in phospholipids, in triglycerides and in free fatty acids – and the profile of fatty acids in 

phospholipid fraction that can reflect the ones present on red globules membrane (115)   
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7. Future trends  

 

As Obesity represents one of the greatest epidemics of 21st century, affecting children in a 

particularly worrying way, it is of a crucial importance to continue carrying out more studies on 

that. It is also known the importance that genetic screenings have on preventive medicine. 

Therefore if it is true that studies about nutrition and dietary habits should be done it is also of 

great importance to focus on genetic predispositions, not only to prevent but also to understand 

the mechanisms of action and to try to treat the disease acting at a molecular level. 

 

Particularly about the two studies realized some considerations can be made: 

 

� For Adiponectin it is suggested a new study, similar to the one presented in this work for 

PPAR-g. It should be study the impact of the results on a sample of population under 

controlled diet and analyze if the correlation found between the polymorphism 276G>T 

and Insulin resistance and LCPUFAs has the same significance, or in the other hand if 

the diet affects it. 

 

 

� PPAR-g study should be continued in order to increase the population and find more 

mutated cases and therefore some conclusions can be drawn. 
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Figure A1  – BMI classification, according to Cole, for boys (117) 
 
 

 
 

Figure A2  – BMI classification, according to Cole, for girls (117) 
 

 
 

Figure A3  – Example of a successful PCR, verified on an agarose gel 
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Figure A4  – Example of a non successful PCR, verified on an agarose gel 
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Figure A5 – Distribution of saturated and unsaturated fatty acids in plasma according to adiponectin’s 

polymorphisms occurrence 
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Figure A6 -  Distribution of polyunsaturated n-3 and n-6  fatty acids families in plasma according to 

adiponectin’s polymorphisms occurrence  
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Figures A7 and A8  - Distribution of polyunsaturated fatty acids in plasma according to adiponectin’s 

polymorphisms occurrence 
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Figure A9 - Distribution of saturated and unsaturated fatty acids in phospholipids according to 

polymorphisms occurrence 
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Figure A10 - Distribution of polyunsaturated n-3 and n-6  fatty acids families in phospholipids according to 

polymorphisms occurrence  

 

 

 

0

2

4

6

8

10

12

14

16

18

20

C18:2n-6 C20:4n-6

F
at

ty
 A

ci
ds

 %

with polymorphism

without polymorphism

 

0

0,5

1

1,5

2

2,5

C18:3n-3 C20:5n-3 C22:6n-3 C20:3n-9 C20:5n-
3/4n-6

C22:6n-
3/4n-6

F
at

ty
 A

ci
ds

 %

with polymorphism

without polymorphism

 
Figures A11 and A12  - Distribution of polyunsaturated fatty acids in phospholipids according to 

polymorphisms occurrence 
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FigureA13 – Frequency of mutated according to Hyperchogenicity incidence 
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Figure A14 - Distribution of saturated and unsaturated fatty acids in phospholipids according to PPAR-g 

polymorphism occurrence 
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Figure A15 - Distribution of polyunsaturated n-3 and n-6  fatty acids families in phospholipids according to 

PPAR-g polymorphism occurrence  
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Figures A16 and A17 - Distribution of polyunsaturated fatty acids in phospholipids according to 
polymorphisms occurrence 
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Figure A18 - Example of a normal (above) and a heterozygote (below) in PPAR-g   
 
 
 

 

 
  

Figure A20 -  Example of a normal (above) and a mutated homozygote (below) in Adiponectin   
 

 
 

 
 

 
Figure A21  - Example of a normal (above) and a heterozygote (below) in Adiponectin 
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Table A1  – LMS method indexes for boys, used to calculate z-score BMI (118) 
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Table A2  – LMS method indexes for girls, used to calculate z-score BMI (118) 
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Table A3 – Results of HOMA and Insulinemia for PKU population about PPAR g polymorphism 

       
Patient Genotype Age Gender HOMA Insulinemia  

1 N 8 1 1,04 4,6  
2 N 12 2 0,97 5,3  
3 ET 8 2 1,06 5,3  
4 N 8 1 2,38 10,7  
5 N 12 1 1,81 9  
6 N 8 2 1,34 6,6  
7 N 8 1 0,47 2,5  
8 N 8 1 1,74 9,1  
9 N 8 2 1,68 7,7  

10 N 12 2 1,35 6,8  
11 N 8 2 1,39 7  
12 N 8 2 1,9 8,6  
13 N 11 1 4,41 23,7  
14 N 12 1 1,7 9  
15 N 8 1 1,79 9,5  
16 N 11 2 0,86 4  
17 N 8 2 1,26 5,9  
18 ET 12 1 2,16 10,9  
19 N 8 2 0,74 3,6  
20 N 8 1 1,67 7,5  
21 N 8 1 0,54 3  
22 N 8 1 0,99 4,6  

       
  1=Female     
  2=Male     

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


