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I. Introducere
Lucrarea de doctorat cu titlul ,,Rolul ereditatii si al factorilor de risc de mediu in
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litiaza biliara colesterolica
biliare colesterolice la om.

este centrata pe rolul factorului genetic in patogeneza litiazei

II. Litiaza biliara-epidemiologie

Litiaza biliara prezinta variatii geografice, prevalenta acestei afectiuni fiind
ridicata in tarile industrializate din Europa, America de Nord si America de Sud. In tara
noastrd datele despre prevalenta litiazei biliare au fost obtinute pe baza rezultatelor



necropsiilor efectuate in Cluj-Napoca si care au aratat o prevalentd acestei afectiuni de
7,6% la barbati si de 16,9% la femei.

I11. Notiuni de fiziologie

Secretia biliard a lipidelor si a bilirubinei se realizeaza prin procese controlate de
proteine transportor dependente de ATP. Proteinele ABCGS si ABCGS8 sunt proteine
transportori si formeaza heterodimeri ce restrictioneaza absorbtia intestinala si stimuleaza
secretia biliara de steroli.

IV. Patogeneza litiazei biliare colesterolice

Se cunosc patru mecanisme responsabile de formarea calculilor de colesterol:
suprasaturarea in colesterol a bilei; accelerarea nucleatiei cristalelor de colesterol;
hipomotilitatea (staza) veziculei biliare; hipomotilitatea intestinala.

V. Factorii de risc pentru litiaza biliara colesterolica

Litiaza biliara este o afectiune complexa, ce rezultd din interactiunea dintre gene
multiple si din interactiunea genelor cu un mediu litogenetic.

V.1.Factori de risc nemodificabili si boli asociate

Sunt reprezentati de: factorul genetic, varsta avansatd, sexul feminin, sarcina,
obezitatea si scaderea brusca in greutate, hipertrigliceridemia, diabetul zaharat, sindromul
metabolic.

V.1.1. Factorul genetic

Rolul factorului genetic este demonstrat de studii care evidentiaza agregarea
familiald a acestei boli, de studiile pe gemeni monozigoti/dizigoti, precum si de
diferentele etnice in prevalenta litiazei biliare.

Situatiile Tn care existd o singurd mutatie geneticd responsabild de formarea
calculilor biliari de colesterol sunt rare: genele ce codifica transportorii de fosfatidilcolina
(ABCB4) sau de saruri biliare (ABCBI11), colesterol 7a-hidroxilaza (CYP7Al) si
receptorul de tip A al colecistokininei (CCK1R). Dintre acestea, cea mai cunoscuta este
gena ABCB4 ce codifica o proteind membranara din clasa ABC-transportorilor situata la
polul canalicular al hepatocitului, cu rol de translocare a fosfatidilcolinei in bila.
Rosmorduc si colab. au constatat asocierea mutatiilor genei ABCB4 cu fenotipul litiazei
biliare simptomatice si recurente la tineri si au descris o noud entitate clinica denumita
,,Jow phospholipid-associated cholelithiasis”.

Susceptibilitatea geneticd pentru formarea calculilor de colesterol este
multifactoriald si este demonstratd de studii pe modelul animal. Pentru identificarea
genelor care confera susceptibilitate la formarea calculilor de colesterol (genele LITH) se
foloseste tehnica geneticd numitd locusul trasaturilor cantitative (“quantitative trait
locus”-QTL). Prin aceastd metoda se identifica, localizeaza si estimeaza efectele genelor
implicate in trasaturi complexe, precum litiaza biliard. Cercetarile s-au indreptat spre
acele gene care pot influenta formarea calculilor de colesterol si acestea au fost numite
»gene candidate”. Existd sase clase majore de gene candidate care codificd enzime,
proteine transportori, receptori, proteine pronucleere. In cadrul clasei de gene cadidate



care codifica transportori, 0 abordare mai ampla am acordat-o genelor ABCG5 si ABCG8
care codifica proteinele ABCGS si ABCG8 implicate in transportul hepatic si intestinal
de colesterol. Cele doud proteine functioneazd ca heterodimer si au rolul de a limita
absorbtia intestinala si de a promova excretia biliara a sterolilor neutrii. Polimorfismele
genelor ABCG5 si ABCGS8 pot avea efecte importante asupra metabolismului sterolilor si
pot contribui la variatia inter-individuald a concentratiei plasmatice a fitosterolilor.

Pe modelul animal, au fost identificate 23 de locusuri litogenice lith care contin
gene candidate pentru litiaza biliard. Genele Abcg5 si Abcg8 care codifica proteinele
transportori ABCG5 si ABCGS8 se afla pe locusul lithogenic murin Lith 9. Pana in
prezent, au fost identificate doar douad locusuri litogenice la om.

V.1.2. Varsta

Studiile epidemiologice au aratat ca prevalenta litiazei biliare creste liniar cu
varsta.

V.1.3. Sexul

Majoritatea studiilor epidemiologice au aratat ca litiaza biliard este mai frecventa
la femei decat la barbati datoritd modificarilor hormonale.

V.1.4. Sarcina

Aceleasi mecanisme hormonale explicd si faptul cd sarcina favorizeaza
dezvoltarea litiazei biliare.

V.1.5. Obezitatea, sciderea brusca in greutate si dislipidemiile

Obezitatea este un factor de risc important, evidentiat prin asocierea liniard intre
indicele de masa si incidenta acestei afectiuni. Mecanismele patogenetice ce stau la baza
asocierii dintre obezitate si formarea calculilor de colesterol sunt suprasaturarea in
colesterol a bilei si scaderea motilitatii veziculei biliare. Scaderea bruscad in greutate a
pacientilor obezi este frecvent asociatd cu formarea calculilor de colesterol. Nivelul
plasmatic crescut de trigliceride si concentratia scazuta a HDL-colesterolului sunt factori
de risc ce se coreleaza semnificativ cu riscul de litiaza biliara.

V.1.8. Diabetul zaharat si sindromul metabolic

Diabetul zaharat favorizeazd formarea calculilor colesterolici datorita
hiperinsulinemiei ce determind cresterea saturatiei in colesterol a bilei si scaderea
motilitatii veziculei biliare. Studii epidemiologice au aratat o asociere semnificativa Intre
componentele sindromului metabolic si formarea calculilor biliari de colesterol.

V.2. Factori de risc de mediu in litiaza biliara colesterolica

Factorii de risc de mediu cuprind: hipolipemiantele, dieta hipercalorica, hidratii de
carbon rapid absorbabili, dieta sdraca in fibre vegetale, abstinenta la alcool, fumatul,
sedentarism.

V.2.1. Medicamente

Fibratii sunt medicamente hipolipemiante ce produc suprasaturarea in colesterol a
bilei si conduc la formarea calculilor biliari. Estrogenii si contraceptivele orale ce contin



doze mari de estrogeni cresc riscul de dezvoltare a calculilor biliari prin cresterea sintezei
hepatice de colesterol.

V.2.2. Dieta

Factori din dieta precum aportul caloric crescut, acizii grasi saturati, carbohidratii
rafinati se asociaza cu risc crescut de formare a calculilor biliari. Factori precum acizii
grasi nesaturati, regimul bogat in fibre vegetale, cafeaua sau consumul moderat de alcool
sunt factori protectori pentru litogeneza.

V.2.3. Fumatul, sedentarismul, statussocio-economic, specii de Helicobacter

Fumatul, sedentarismul, statusul socio-economic, sunt factori de mediu asociati cu
risc crescut de litiaza biliard. Speciile de Helicobacter sunt implicate in formarea
calculilor biliari pe modelul anima, dar aceasta ipoteza nu s-a confirmat la om.

Cercetari personale

Partea a doua a lucrdrii este dedicatd cercetdrii personale si cuprinde patru
capitole corespunzatoare a patru studii.

I. Gena ABCGS care codifica transportorul hepatic de colesterol - factor de
risc pentru litiaza biliara la om-studiu pe perechi de frati cu litiaza biliara

Primul studiu a studiat efectele polimorfismelor genelor ABCG5/ABCG8 asupra
biliara, folosind analiza genetica de linkage. Pacientii cu litiaza biliara si martorii fara
litiaza au fost recrutati prospectiv din Clinica Medicala III a Universitatii de Medicina si
Farmacie ,Iuliu Hatieganu“ din Cluj-Napoca, in perioada noiembrie 2002-aprilie 2006.
Izolarea ADN-ului s-a efectuat Universitatea Babes-Bolyai din Cluj-Napoca. Analiza
genetica a fost realizatd in continuare in laboratorul de genetica al Universitdtii din Bonn,
Germania, sub indrumarea Profesorului Frank Lammert. Am inclus in studiu 178 de frati
cu litiazd biliara apartinand la 84 de familii si 70 de martori fara antecedente personale
sau heredocolaterale de litiaza biliard. Acest studiu de linkage genetic si de asociatie arata
contributia variantei D19H a genei ABCG8 care codifica transportorul hepatobiliar al
colesterolului la formarea calculilor biliari de colesterol. Am demonstrat in acest studiu
ca polimorfismul D19H al genei ABCGS8 contribuie cu 8% la riscul total de dezvoltare a
litiazei biliare in populatia generald si cu 30% la riscul pentru litiazd biliara dat de
factorul genetic. Rezultatele studiului nostru sunt comparabile cu cele al studiului de
analiza genomica realizat Tn Germania care localizeazd susceptibilitatea la litogeneza la
nivelul aceluiasi polimorfism. In plus, studiul nostru a confirmat pentru prima dati in
literatura, asocierea unui locus litogenic murin (Lith 9, care cuprinde genele murine
candidate Abcg5 si Abcg8) cu riscul de litiaza biliara la o populatie umana.

II. Asocierea polimorfismelor genelor ABCG5 si ABCG8 cu valorile
plasmatice ale lipidelor la pacientii cu litiaza biliara si 1a subiectii fara litiaza biliara

Al doilea studiu a evaluat asocierea intre polimorfismele genelor ABCG5 si
ABCGS8 cu nivelele plasmatice ale lipidelor la pacientii cu antecedente personale si



heredocolaterale de litiaza biliara si la subiecti fara litiaza biliard. Am inclus 108 pacienti
cu litiaza biliard si 259 de subiecti fara antecedente personale sau heredocolaterale de
litiaza biliara. Purtatorii alelei comune au fost comparati cu purtatorii alelei minore atat la
pacienti cat si la martorii fard litiaza bilard. Nu s-au constatat diferente semnificative
statistic ale varstei medii, IMC-ului, ale distributiei pe sexe, ale valorilor trigliceridelor
serice, ale colesterolului, HDL-colesterolului sau ale glicemiei intre homozigotii pentru
alela majora si purtdtorii alelei minore a polimorfismelor genelor ABCGS si ABCGS la
pacientii cu litiaza biliard. Aceste rezultate aratd ca polimorfismele genelor ABCGS si
ABCG8 nu s-au corelat semnificativ cu valorile plasmatice ale trigliceridelor,
colesterolului, HDL-colesterolului la pacientii cu litiaza biliara, desi pe un lot mai redus
de pacienti au fost evidentiate corelatii semnificative. Acest fapt aratd ca sunt necesare
loturi mai ample de pacienti pentru a evidentia astfel de corelatii pentru studiile de
asociatie. La pacientii cu litiaza biliara, in analizd multivariata, prin ajustare dupa varsta
si IMC, polimorfismul Y54C al genei ABCG8 singur sau in asociatie cu litiaza biliard a
avut o influenta semnificativa asupra nivelului glicemiei bazale.

La subiectii fara litiaza biliard nu s-au constatat diferente semnificative statistic
ale valorilor IMC-ului ale intre homozigotii alelelei majore sau purtatorii alelei minore
ale polimorfismelor studiate. Polimorfismul T400K al genei ABCG8 s-a corelat
semnificativ cu sexul masculin la subiectii fara litiaza biliara, iar polimorfismul Q604E
al genei ABCG5 s-a corelat semnificativ cu concentratia plasmatica a colesterolului.
Polimorfismul T400K al genei ABCG8 s-a corelat semnificativ cu nivelul plasmatic de
LDL-colesterol la subiectii fara litiaza biliara, in timp ce in studii din literaturd pe alte
populatii, acest polimorfism s-a asociat semnificativ cu nivelul trigliceridelor serice.

Am constatat o prevalentd semnificativ crescutd a purtatorilor alelei minore 604E
a polimorfismului Q604E al genei ABCGS5S si a purtdtorilor alelei minore 19H a
polimorfismului D19H al genei ABCGS8 la pacientii cu litiaza biliara fatd de martorii fara
litiaza biliara. Prevalenta polimorfismelor Y54C, T400K si A632V ale genei ABCGS8 a
fost similara la pacientii cu litiaza biliara si la martorii fara litiaza biliard. Frecventele
genotipurilor polimorfismelor genelor ABCG5/ABCG8 sunt aproximativ similare la
loturile studiului nostru cu populatiile europene, dar sunt diferite semnificativ statistic la
pacientii cu litiaza biliard din studiu fatd de pacientii cu litiaza biliard din populatia
asiatica.

II1. Factorii de risc de mediu si de teren asociati cu litiaza biliara-studiu caz-
martor

In al treilea studiu am urmdrit principalii factori de risc de mediu si de teren
cunoscuti a avea o influentd semnificativa asupra formarii calculilor de colesterol. Am
realizat un studiu caz-martor in care am inclus 109 pacienti cu antecedente personale si
heredocolaterale de litiaza biliara (cu frati afectati) si 271 de martori fara litiaza biliara.

In studiul nostru, pacientii cu litiaza biliard au avut véarsta medie similari cu a
martorilor, fapt datorat criteriilor de includere in studiu a martorilor, acestia fiind selectati



potrivit dupa varsta si sex cu pacientii. Totusi au existat semnificativ mai multi pacienti
cu litiaza biliara cu varsta peste 60 de ani fatd de martori si acest lucru confirma cresterea
prevalentei acestei afectiuni dupd 60 ani doveditd de studii populationale. in studiul
nostru media numarului de sarcini la pacientele cu litiaza biliara a fost similard cu a
pacientelor din grupul de martori. IMC-ul a avut un efect semnificativ asupra riscului de
litiaza biliara, atat in analiza univariata cat si in analizd multivariata. Hipetrigliceridemia
si scaderea HDL-colesterolului sunt factori de risc pentru litiaza biliara: 1) nivelele
plasmatice ale trigliceridelor semnificativ  mai mari §i ale HDL-colesterolului
semnificativ mai reduse la pacientii cu litiazd biliard fatd de martori; 2) prevalenta
hipertrigliceridemiei semnificativ mai mare la pacientii cu litiaza biliara fatd de martori;
3) 1n analiza univariata trigliceridele serice si HDL-colesterolul s-au asociat semnificativ
cu riscul de litiaza biliara, dar nu si in analiza multivariata datorita corelatiei intre IMC si
trigliceridele serice si HDL-colesterol. Concentratia medie a colesterolul seric a fost mai
mare la martori decat la pacientii cu litiaza biliara, fapt explicat probabil prin modificarea
stilului de viata si a dietei In cazul pacientilor simptomatici si colecistectomizati. Diabetul
zaharat este factor de risc pentru litiaza biliard: 1) prevalenta diabetului zaharat si
glicemia a jeun semnificativ mai mare la grupul de pacienti cu litiaza biliara fata de
martori; 2) hiperglicemia mai frecventa la pacientii cu litiaza biliard fatd de martori; 3)
asocierea semnificativa in analiza univariata a glicemiei bazale cu riscul crescut de litiaza
biliara, dar nu si in analiza multivariata datoritd corelatiei semnificative intre IMC si
glicemia a jeun.

Factorii de risc de mediu urmadriti au fost reprezentati de: dieta, consumul de
alcool, fumatul. In studiul nostru nu am obtinut o diferentd semnificativa statistic privind
consumul de hidrocarburi rafinate, de grasimi saturate si nesaturate sau de fibre vegetale
intre pacientii cu litiaza biliard si martorii far litiazd. In grupul nostru, prevalenta
consumul alcool a fost semnificativ mai mare la martori fatd de pacienti, dar rezultatele
au fost obtinute pe un numar relativ mic de subiecti. De asemenea, nu am constatat o
diferentd semnificativd intre pacienfi si martori privind prevalenta fumatorilor in cele
doua grupuri. Din analiza multivariata a valorilor calitative ale factorilor de risc de teren,
a rezultat ci varsta >60 de ani, IMC>25 kg/m’, polimorfismul Q604E al genei ABCG5 si
polimorfismul DI19H al genei ABCGS8 au reprezentat un risc semnificativ pentru litiaza
biliara.

IV. Factorii de risc de teren si de mediu asociati cu litiaza biliara-studiu
pe perechi de frati cu litiaza biliara

Al patrulea studiu a fost un studiu pe perechi, realizat pe un lot de perechi de frati
cu litiaza biliara (109 de pacienti si fratii lor cu litiaza biliard), la care am urmarit factorii
de risc de mediu si genetici cu rol litogenic. Agregarea familiala importanta evidentiata
prin identificarea a 109 familii avand cel putin 2 membrii afectati confirma rolul
important al factorului genetic in dezvoltarea litogenezei. Nu au existat diferente
semnificative statistic intre pacientii index si fratii acestora privind distributia pe sexe,
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varsta, IMC, prevalenta diabetului zaharat, valorile plasmatice ale glicemiei a jeun sau
numarul de sarcini. De asemenea, in ceea ce priveste factorii de mediu, precum dieta,
consumul de alcool sau fumatul, nu s-au constatat diferente semnificative statistic intre
pacienti si frati lor. Acest lucru sugereaza rolul important in litogeneza al factorului
genetic la fratii la care factorii de mediu au pondere similard. IMC s-a corelat pozitiv
intre pacientii index si fratii cu litiaza biliard, ceea ce aratd influenta factorilor genetici
asupra obezitatii. Am identificat in acest studiu o corelatie semnificativd pentru nivelele
plasmatice de trigliceride, colesterol si HDL-colesterol la perechile de frati cu litiaza
biliara, ceea ce aratd determinarea genetica a profilului lipidic. Polimorfismul A632V al
genei ABCG8 s-a corelat semnificativ cu nivelele plasmatice ale trigliceridelor si a
colesterolului la fratii cu litiazd biliard ceea ce confirmd rolul genei ABCG8 in
determinarea genetica a profilului lipidic la pacientii cu litiaza biliard avand importanta
agregare familiala.

V. Concluzii generale si contributii personale

In aceastd lucrare am demostrat ci anumite polimorfisme genelor ABCG5/ABCGS8
reprezinta un factor de risc pentru litiaza biliara la om. Studiul nostru pe perechi de frati
cu litiaza biliara confirma pentru prima data, asocierea unui locus litogenic murin (Lith 9,
care cuprinde genele murine candidate Abcg5 si Abcg8) cu riscul de litiaza biliara la o
populatie umana.

Dintre factorii de risc genetici si de mediu studiati, IMC-ul, polimorfismul Q604E
al genei ABCG5 si polimorfismul D19H al genei ABCG8 au reprezentat un risc
semnificativ pentru litiaza biliard in analiza multivariata.
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L.Introduction

The doctor thesis untitled “The role of heredity and of the environment risk
factors in cholesterol gallstone disease” is based on the role of the genetic factor in
gallstone disease.

I1. Cholesterol gallstone disease — epidemiology

The prevalence rates of gallbladder stones show remarkable geographic
variations. Gallstone disease is common in most European countries, as well as in North
and South America. Data about the prevalence of gallstone disease in our country were
available from the studies of necropsies in Cluj-Napoca, which showed a prevalence of
7.6% in men and 16.9% in women.

II1. Bile physiology

The biliary secretion of lipids and of bilirubin involved ATP-binding protein
transporters. Among these transporters there are two proteins, ABCGS5 and ABCGS,
which formed heterodimers that limited intestinal absorption and promote biliary
excretion of sterols.

IV. Pathophysiology of cholesterol gallstones

Four mechanisms contribute to the formation of cholesterolgallbladder stones:
cholesterol supersaturation of bile; nucleation and growth of cholesterol crystals;
gallbladder hipomotility; intestinal hypomotility.

V. Risk factors for cholesterol gallstones

Cholesterol gallstone disease is a common disease, which is the result of the
interaction between genetic and environmental factors.

V.1. Unmodifiable risk factors and associated conditions with risk

These are represented by: genetic susceptibility, age, female sex, pregnancy,
obesity and rapid weight loss, hypertriglyceridaemia, type 2 diabetes mellitus, metabolic
syndrome.

V.1.1. Genetic factor

Genetic susceptibility to gallstones is suggested by family clustering of gallstone
disease, studies on monozygotic or dizygotic twins, and the ethnic differences in
gallstone prevalence.
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Gallstone formation is a complex genetic trait that involves multiples genes. In
small groups of patients with gallstones, monogenic predisposition has been described as
mutations in genes that encode the ABC transporters for phosphatidilcholine (ABCB4) or
bile salts (ABCBI11), cholesterol 7a-hydroxylase and the cholecystokinin type A
receptor. The gene ABCB4 encodes a protein transporter situated at the apical membrane
of the hepatocyte and its function is to translocate phosphatidilcholine into the bile.
Rosmorduc et al. have identified point mutations in ABCB4 gene associated with a
symptomatic and recurrent form of cholelithiasis in young patients and described a new
clinical entity named ,,Jow phospholipid-associated cholelithiasis”.

Genetic susceptibility to gallstone formation involves multiples genes and has
been studied on mouse model. The technique of quantitative trait locus (QTL) analysis is
used to analyse polygenic traits as gallstone disease and provided the approach for
identifying, locating and estimating the effect of genes involved in gallstone formation.
The research was focused on those whose functions can potentially influence cholesterol
gallstone formation and were named “candidate genes”. There are six major classes of
candidate gallstone genes that encode enzymes, protein transporters, receptors and
nucleating agents. We investigated two genes that encode two protein transporters,
ABCGS and ABCGS, involved in intestinal and hepatic cholesterol transport. These two
proteins function as heterodimers and they limit intestinal absorption and promote biliary
secretion of sterols. The polymorphisms of the two genes ABCG5 and ABCGS8 seem to
have an important effect on serum levels of fitosterols, by also to influence the function
of the heterodimer.

Twenty-three lithogenic loci containing candidate genes for gallstone disease
have been identified on mouse model. The murine genes are localised on Lith 9. Up to
now, two lithogenic loci were identified in humans.

V.1.2. Age

Populational studies showed that gallstone disease increased linearly with age.

V.1.3. Gender

Gallstone disease had a higher prevalence in women than in men due to hormonal
influences.

V.1.4. Pregnancy

The same hormonal mechanisms explain the higher prevalence of gallstone
disease in pregnancy.

V.1.5. Obesity, rapid weight loss and dyslipidaemia

Obesity represents an independent risk factor for gallstone disease, correlated
linearly with the body mass index. The pathophysiological link between obesity and
cholesterol gallstone disease is caused by supersaturated bile and altered gallbladder
motility. Rapid weight reduction in obese persons is associated with gallstones
formations. High plasma triglycerides and low HDL-cholesterol levels are independent
risk factors for cholesterol gallstone disease.
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V.1.8. Diabetes mellitus and metabolic syndrome

Diabetes mellitus favours gallstone disease due to hyperinsulinaemia that
increases cholesterol saturation of the bile and decrease gallbladder motility. Studies
found a significant association between the components of the metabolic syndrome and
gallstones formation.

V.2. Environmental risk factors/lifestyle

The environmental risk factors are represented by: hypolipidic treatment,
hypercaloric diet, enriched refined carbohydrates and low fiber diet, alcohol consuming,
smoking, low physical activity.

V.2.1. Drugs

Fibrates are hypolipemiants agents in humans. Estrogens and oral contraceptive
drugs increase gallstone formation risk by increasing hepatic cholesterol synthesis.
Somatostatin and Octreotid favour the development of gallstones by reducing gallbladder
motility.

V.2.2. Diet

A high energy intake, saturated fats or refined carbohydrates are crucial
environmental triggers for cholesterol gallstone formation. Unsaturated fats, a fibre
enriched diet coffee and moderate alcohol consumption have protective effects against
gallstone formation.

V.2.3. Smoking, low physical activity, economic status and Helicobacter
species

Cigarette smoking, low physical activity, economic status are environmental
factors associated with an increased risk of gallstone disease. Species of Helicobacter
were involved in gallstone formation in animals, but this was not confirmed in studies on
humans.

Personal research and contributions

The second part of the thesis contains personal research and is composed of four
chapters.

I. ABCGS8 gene encoding cholesterol hepatic transporter is a risk factor for
gallstone disease- a study in siblings with gallstones

The first study evaluated the influence of the ABCG8/ABCGS5 genes
polymorphisms on gallstone susceptibility in siblings with gallstones and in controls
without gallstones, using linkage analysis. The patients and controls were recruited
prospectively at the Department of Gastroenterology of the 3™ Medical Clinic of Cluj-
Napoca, between November 2002 and April 2006. Genomic DNA was isolated at the
University Babes-Bolyai from Cluj-Napoca. All five SNP’s were genotyped using
TagMan assays in a Real-time polymerase chain reaction system in Genetic Laboratory
of University of Bonn, coordinated by Professor Franck Lammert. We included in this
study 178 siblings with gallstones and 70 controls without personal or family history of
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gallstone disease. This combined linkage and association study provided strong evidence
that the D19H variant of the hepatocanalicular transporter gene ABCG8 contributes to
gallstone formation in humans. This study showed that D19 variant of ABCG8 gene
account for 8% to the total gallstone risk and to aproximatively 30% to the genetic risk of
gallstone disease. These findings are in line with the results of a large genomwide
association scan in German gallstone patients that localised susceptibility for gallstone
disease to the same ABCG8 polymorphism. Our study represented also a successful
translational study that confirmed an association of a mouse Lith locus (Lith 9 on
chromosome 17) as a susceptibility factor for cholelithiasis in humans.

I1. Association of polymorphisms of ABCG5/ABCGS8 genes to plasma lipids
levels in patients with gallstone disease and in controls

The influence of ABCG5/ABCGS8 genes polymorphisms on plasma lipids levels
was investigated in gallstone carriers and in stone-free controls. We studied 108 patients
with gallstone disease and 259 controls without personal or family history of gallstones.
The carriers of the common allele of each SNPs were compared with carriers of the
minor allele, both in patients and controls. There were no significant differences
regarding age, BMI, gender, plasmatic levels of triglycerides, cholesterol, HDL-
cholesterol or glycaemia between the carriers of the common allele and the carriers of the
minor allele. We found that ABCG5/ABCG8 polymorphisms did not correlate with
plasma lipids levels, although significant correlations were obtained on smaller groups.
This confirms that, much larger association studies are needed to prove such correlations.
Gallstone disease was significantly associated with serum triglycerides and HDL-
cholesterol, but the association gallstone disease/SNP was not related to plasma lipid
levels. We found a significant influence of the SNP Y54C and both SNP/lithiasis on the
basal glycaemia in patients with gallstone disease, in multiple logistic regression analysis,
adjusting after age and BMI.

We did not obtain significant correlations of BMI in stone-free controls between
carriers of the common allele and the carriers of the minor allele. The SNP T400K of
ABCG8 gene was significantly correlated with male gender in controls and the SNP
Q604E of ABCG5 gene with serum cholesterol levels. The SNP T400K of ABCG8 gene
was also significantly associated with plasma levels of LDL-cholesterol in stone-free
controls, while in other studies it was correlated with triglycerides levels.

We found a significantly higher prevalence of carriers of the minor allele 604E of
ABCGS5 gene and of the allele 19H of the ABCG8 gene in patients with gallstone disease
compared with controls. The frequencies of the genotypes of the studied SNPs were
similar in our study compared to European population, but significantly different than
those from Asian population.

III. Risk factors for gallstone disease- a case-control study

In a third study we evaluated the risk factors associated with gallstone disease in a
case-control study which included 109 patients with personal and family history of
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gallstone disease and 271 controls. The patients and the controls were age-matched and
sex-matched. However, there were significantly more patients over 60 years old with
gallstone disease than controls, confirming the increased prevalence of gallstones with
age. There was no significant difference regarding pregnancy in patients and in controls.
The BMI significantly correlated with gallstone risk in univariate and in multivariate
analysis. Hypertriglyceridaemia and low HDL-cholesterol increased the risk of
gallbladder stones: 1/serum triglycerides were significantly higher and HDL-cholesterol
levels are significantly lower in patients with gallstones than in controls; 2/ the
prevalence of hypertrigliceridaemia was significantly higher in patients than in controls;
3/ serum triglycerides and HDL-cholesterol were significantly associated with the risk of
gallstone disease in univariate analysis, but not in multivariate analysis, probably due to a
significant correlation between BMI and triglycerides and HDL-cholesterol plasma
levels. Serum cholesterol level was higher in controls than in patients, possibly due to the
diet changes post-cholecystectomy. Diabetes mellitus was confirmed as a risk factor for
gallstone disease: 1/ the prevalence of diabetes mellitus significantly higher in patients
with gallstones than in controls; 2/ higher value of serum basal glycaemia in patients than
in controls; 3/ prevalence of hyperglycaemia significantly higher in patients than in
controls; 4/ significant correlation with basal glycaemia in gallbstone patients in
univariate analysis, but not in multivariate analysis.

Regarding environmental risk factors we found no significant difference in the
diet content in refined carbohydrates, saturated and unsaturated fats and vegetal fibres in
patients with gallstone disease compared with controls. Alcohol consumption was
significantly higher in controls than in patients, but it was investigated in a small number
of subjects. There was also no significant difference regarding prevalence of smokers
between patients and controls.

Age over 60 years old, BMI over 25 kg/m”, polymorphism Q604E of ABCG5
gene and polymorphism D19H of ABCG8 gene were significantly correlated with the risk
of gallstone formation in multiple logistic regression analysis of qualitative values.

IV. Risk factors for cholesterol gallstone disease - a study in sibling pairs
with gallstones

The fourth study was realized in siblings with gallstone disease (109 patients and
their siblings). The family aggregation revealed by the identification of 109 families with
at least 2 members affected is a strong evidence of the important role of the genetic factor
in gallstones formation. There were no significant differences regarding gender, age,
BMI, diabetes mellitus, basal glycaemia or pregnancy between patients and their siblings.
Concerning the environmental factors like diet, alcohol consumption and smoking, there
was no differences between patient and theirs siblings. The similarity of environmental
factors in siblings with gallstone disease demonstrates the important role of the genetic
factor in lithogenesis. BMI correlated between patients and siblings and that proved the
influence of genetic factor on obesity. The significant correlation between serum
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triglycerides, cholesterol and HDL-cholesterol found in siblings with gallstones
demonstrates the genetic control of plasma lipid levels. The polymorphism A632V of
ABCG8 gene significantly correlated with triglyceride and cholesterol plasma levels in
siblings with gallstones, which confirmes the role of ABCG8 gene in the genetic
determination of lipid profile.

V. General conclusions and personal contributions

Our research demonstrated that some polymorphisms of the ABCGS and ABCG8
genes represent a risk factor of gallstone disease. It was confirmed for the first time the
association of a mouse Lith locus (Lith 9 on chromosome 17) as a susceptibility factor for
cholelithiasis in humans. BMI, polymorphism Q604E of ABCG5 gene and polymorphism
D19H of ABCGS8 gene are the main risk factors for cholesterol gallstone formation in
patients with positive family history.
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