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INTRODUCERE

Boala ficatului gras non-alcoolic (NAFLD), asociata frecvent cu sindromul metabolic (SM), este cea
mai raspandita afectiune hepatica la nivel global. Aceasta include steatoza hepatica non-alcoolica (NAFL)
si steatohepatita non-alcoolica (NASH), ambele implicand inflamatie hepatica progresiva si risc crescut de
ciroza. Studiul evidentiaza rolul axei IL17-TLR4 1n raspunsul inflamator si severitatea NAFLD. Expresia
crescuta a IL17 si TLR4, alaturi de polimorfisme genetice asociate (IL17A-G197A, TLR4-Asp299Gly), este
legata de progresia bolii. Biomarkerii inflamatori (CAR, SII) ofera un potential instrument pentru
diagnosticul precoce. Cercetarea propune IL17 si TLR4 drept tinte terapeutice promitdtoare, deschizand
perspective pentru interventii clinice si tratamente personalizate care sa previna evolutia catre complicatii
severe.

STADIUL ACTUAL AL CUNOSTERII

NAFLD este una dintre cele mai comune boli hepatice, cu o prevalenta globala de 25-30%. Factorii
principali de risc sunt obezitatea, diabetul zaharat tip 2 si sindromul metabolic. Boala este adesea
subdiagnosticata din cauza progresiei lente si a simptomelor absente in stadiile incipiente. NAFLD se
dezvolta prin interactiunea dintre factori genetici, metabolici si de mediu. Potrivit teoriei ,agresiunilor
multiple”, acumularea de lipide in ficat (prima agresiune) este urmata de inflamatie si stres oxidativ (a doua
agresiune). Factorii implicati includ insulinorezistenta, disbioza intestinald, stresul oxidativ si
predispozitiile genetice.

Interactiunea dintre IL17 si TLR4 amplifica inflamatia hepatica, facilitind progresia de la steatoza
la NASH si fibroza. Activarea TLR4 stimuleaza producerea de IL17, care, la randul sau, intensifica raspunsul
inflamator hepatic. Studiile experimentale arata ca inhibarea IL17 sau a cdii TLR4 reduce inflamatia si
fibroza hepatic3, sugerand ca aceste molecule reprezinta tinte terapeutice promitatoare in tratamentul
NAFLD si NASH.

CONTRIBUTIA PERSONALA
Studiu 1. Analiza polimorfismelor genelor IL17A, IL17F si TLR4 in contextul NAFLD

Polimorfismele genetice ale IL17A (G197A), IL17F (A7488G) si TLR4 (Asp299Gly, Thr399Ile) sunt
investigate pentru rolul lor in modularea raspunsului inflamator din boala ficatului gras non-alcoolic
(NAFLD). Aceste variatii genetice pot influenta productia citokinelor proinflamatorii si raspunsul imun al
receptorului TLR4, facilitind progresia bolii spre forme severe, precum steatohepatita non-alcoolica
(NASH). Studiul prospectiv caz-martor a inclus 43 pacienti cu NAFLD (19 NAFL, 23 NASH) si 38 martori
sanatosi. Diagnosticul s-a realizat prin: ecografie hepatica si biopsie hepatica pentru clasificarea steatozei,
analize biochimice, genotiparea SNP-urilor prin tehnici PCR si RFLP pentru IL17F-A7488G, IL17A-G1974,
TLR4-Asp299Gly si TLR4-Thr399lle. Principalele obiective au fost evaluarea asocierii intre polimorfismele
IL17A/F si TLR4 si susceptibilitatea la NAFLD si identificarea rolului acestor polimorfisme in progresia
catre NASH.

Rezultate:

1. Diferente clinice: IMC si circumferinta abdominald au fost semnificativ mai mari la pacientii cu
NASH comparativ cu martorii. Pacientii cu NASH au prezentat transaminaze crescute si un profil
metabolic alterat (glicemie, trigliceride).

2. Asocieri genetice: IL17A-G197A: Genotipurile variante (G/A, A/A) au fost asociate cu un risc
semnificativ de NAFL si NASH (OR=10.57, p<0.001). IL17F-A7488G: Purtatorii alelei G au avut un
risc crescut de NASH (OR=5.25, p=0.0338). TLR4-Asp299Gly si TLR4-Thr399ile: Ambele
polimorfisme au fost asociate cu un risc crescut de NASH (OR=3.52 si OR=9.87).

3. Haplotipuri: Haplotipul A/A al polimorfismelor IL17F-A7488G si IL17A-G197A a fost identificat ca
un factor de risc pentru NAFLD (OR=3.72, p=0.0038)



Concluzii:
e Polimorfismele [L17A-G197A, IL17F-A7488G, TLR4-Asp299Gly si TLR4-Thr399lle sunt asociate cu
predispozitia la NAFLD si progresia catre NASH.
o Haplotipul IL17-A/A reprezinta un factor de risc semnificativ pentru NAFLD.
e Aceste rezultate evidentiaza rolul genetic al IL17 si TLR4 in inflamatie si patogeneza NAFLD,
sugerand potentiale tinte pentru interventii terapeutice viitoare.

Studiu 2. Relatia markerilor inflamatori cu gradul de steatoza si fibroza din MASLD

Studiul exploreaza relatia dintre markerii inflamatori si severitatea steatozei si fibrozei hepatice
la pacientii cu boala hepatica steatozica asociata disfunctiei metabolice (MASLD). Au fost inclusi 80 de
pacienti diagnosticati cu MASLD, impartiti in functie de gradul de steatoza hepatica: usoara, moderata si
severa.

Rezultate:

1. Pacientii cu steatoza severa au prezentat IMC si circumferinta abdominala (CA) semnificativ mai
mari si o frecventa crescuta a diabetului zaharat de tip 2 comparativ cu cei cu steatoza
usoard/moderata.

2. Oasociere semnificativa a fost observata Intre steatoza severa si raportul CAR (Proteina C reactiva
/albumina).

3. Nivelurile ALT cresc semnificativ odata cu severitatea steatozei hepatice, fiind un indicator sensibil
al leziunilor hepatice.

4. Pacientii cu risc scazut de fibroza hepatica (FIB-4 < 1.30) au avut niveluri semnificativ mai mici ale
markerilor inflamatori PIV si SII comparativ cu cei cu risc intermediar/mare.

5. PIN a fost semnificativ mai ridicat la pacientii cu risc intermediar/mare de fibroza hepatica.
Concluzii: Markerii inflamatori precum PIV, SII si PIN ar putea fi utilizati pentru evaluarea gradului de
steatoza si a riscului de fibroza hepatica la pacientii cu MASLD, oferind informatii utile pentru diagnosticul
si prognosticul bolii.

Studiu 3. Rolul nivelelor plasmatice al citokinelor IL17 A/F si al receptorilor TLR4 in modularea
raspunsului inflamator din NAFLD

Studiul investigheaza rolul biomarkerilor inflamatori IL-17A/F si TLR4 in patogeneza bolii
ficatului gras non-alcoolic (NAFLD) si progresia acesteia citre steatohepatitid non-alcoolici (NASH). in
studiu au fost inclusi 81 de subiecti (43 cu NASH/NAFL si 38 martori sanatosi). Nivelurile de IL-17A/F si
TLR4 au fost determinate prin tehnica ELISA. Obiectivul principal a presupus stabilirea susceptibilitatii la
NAFLD prin evaluarea nivelurilor plasmatice ale IL-17A/F si TLR4.

Rezultate:
1. Pacientii cu NASH au prezentat greutate corporald, IMC si leziuni hepatice semnificativ mai mari
fata de cei cu NAFL si grupul martor.
2. Nivelurile de IL-17A/F au fost crescute semnificativ in grupurile NASH si NAFL, reflectand un
raspuns inflamator accentuat.
3. Nivelurile serice de TLR4 au fost semnificativ mai mari la pacientii cu NASH/NAFL, corelandu-se
cu severitatea fibrozei hepatice.
Concluzii: Rezultatele subliniaza importanta biomarkerilor IL-17A/F si TLR4 in progresia NAFLD si
dezvoltarea NASH. Monitorizarea acestora poate facilita diagnosticul precoce si ghidarea interventiilor
terapeutice pentru prevenirea complicatiilor severe.



Concluzii generale

Polimorfismele genelor IL17A/F si TLR4 in NAFLD - Studiul evidentiaza rolul polimorfismelor genetice in
susceptibilitatea la boala ficatului gras non-alcoolic (NAFLD) si progresia acesteia. Purtatorii genotipului
IL17A-G197A prezinta un risc semnificativ crescut de a dezvolta steatoza hepatica (NAFL), in timp ce
genotipul IL17F-A7448G este asociat cu o susceptibilitate mai mare la steatohepatita non-alcoolica (NASH).
Polimorfismele IL17F-G74884, IL17A-G197A, TLR4-Asp299Gly si TLR4-Thr399lle joaca un rol important in
cresterea riscului de NASH. Analiza haplotipurilor IL17 indica faptul ca haplotipul A/A (A7488G, G197A)
constituie un factor de risc pentru NAFLD. In cazul genelor TLR4, polimorfismele Asp299Gly si Thr399ile
au fost observate cu o frecventd mai mare la pacientii cu NAFL si NASH, fiind asociate cu un risc semnificativ
crescut de dezvoltare a NASH.

Locul markerilor inflamatori in evaluarea steatozei si fibrozei din MASLD - Studiul evidentiaza corelatii
semnificative intre severitatea steatozei hepatice si markerii inflamatori. Gradul de steatoza severa a fost
asociat cu valori crescute ale raportului CAR (proteina C reactiva /albumina). Pacientii cu risc scazut de
fibroza hepatica (FIB-4 < 1.30) au prezentat niveluri mai mici ale markerilor inflamatori PIV si SII
comparativ cu cei cu risc intermediar sau mare (FIB-4 > 1.30). De asemenea, nivelurile PIN au fost
semnificativ mai ridicate la pacientii cu risc intermediar si mare, in timp ce SII si PIV au inregistrat valori
mai mari la pacientii cu risc scazut de fibroza hepatica.

Rolul IL17A/F si TLR4 in procesul inflamator din NAFLD - Studiul a evidentiat niveluri serice crescute ale
IL17A siIL17F la pacientii cu NASH si NAFL comparativ cu grupul de control. De asemenea, nivelurile serice
ale TLR4 au fost semnificativ mai ridicate In grupurile NASH si NAFL fata de control. O relatie semnificativa
statistic a fost observata intre nivelurile de TLR4 si gradul de fibroza hepatica, sugerand o legatura directa
intre cresterea expresiei TLR4 si progresia fibrozei hepatice.

Originalitatea si contributiile inovative ale tezei

Teza aduce elemente de originalitate prin realizarea primului studiu prospectiv ce analizeaza
relatia dintre IL-17 si TLR4 in modularea raspunsului inflamator din steatoza hepatica si steatohepatita
non-alcoolica (NASH) intr-o populatie de pacienti din Romania. De asemenea, este primul studiu care
exploreaza corelatiile dintre expresia IL-17 si TLR4 si severitatea NAFLD, identificind posibile asocieri cu
elementele definitorii ale bolii. In contextul limitirilor actuale ale metodelor de evaluare a prognosticului
in NAFLD, studiul subliniaza necesitatea unor markeri obiectivi, simpli, non-invazivi si reproductibili,
capabili sa ofere o valoare predictiva Tnalta pentru diagnosticarea precoce si evaluarea progresiei bolii.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD), frequently associated with metabolic syndrome (MS), is
the most prevalent liver disease globally. This includes fatty liver disease (NAFL) and hepatitis (NASH),
both of which involve progressive liver inflammation and an increased risk of cirrhosis. The study
highlights the role of the IL17-TLR4 axis in NAFLD's inflammatory response and severity. Increased
expression of IL17 and TLR4, along with associated genetic polymorphisms (IL17A-G197A, TLR4-
Asp299Gly), is related to the progression of the disease. Inflammatory biomarkers (CAR, IBS) offer a
potential tool for early diagnosis. The research proposes IL17 and TLR4 as promising therapeutic targets,
opening perspectives for clinical interventions and personalized treatments to prevent progression to
severe complications.

CURRENT STATE OF KNOWLEDGE

NAFLD is one of the most common liver diseases, with a global prevalence of 25-30%. The main
risk factors are obesity, type 2 diabetes, and metabolic syndrome. The disease is often underdiagnosed due
to slow progression and absent symptoms in the early stages. NAFLD develops through the interaction of
genetic, metabolic, and environmental factors. According to the theory of "multiple aggressions"”, the
accumulation of lipids in the liver (the first aggression) is followed by inflammation and oxidative stress
(the second aggression). Factors include insulin resistance, intestinal dysbiosis, oxidative stress, and
genetic predispositions.

The interaction between IL-17 and TLR4 amplifies liver inflammation, facilitating progression
from steatosis to NASH and fibrosis. The activation of TLR4 stimulates the production of IL-17, intensifying
the hepatic inflammatory response. Experimental studies show that inhibition of IL-17 or the TLR4
pathway reduces inflammation and liver fibrosis, suggesting that these molecules represent promising
therapeutic targets in treating NAFLD and NASH.

PERSONAL CONTRIBUTION
Study 1. Analysis of IL17A, IL17F and TLR4 gene polymorphisms in the context of NAFLD

Genetic polymorphisms of IL17A (G197A), IL17F (A7488G) and TLR4 (Asp299Gly, Thr399lle) are
being investigated for their role in modulating the inflammatory response in non-alcoholic fatty liver
disease (NAFLD). These genetic variations can influence the production of proinflammatory cytokines and
the immune response of the TLR4 receptor, facilitating the progression of the disease to severe forms, such
as non-alcoholic steatohepatitis (NASH). The prospective case-control study included 43 patients with
NAFLD (19 NAFL, 23 NASH) and 38 healthy controls. The diagnosis was made by liver ultrasound and liver
biopsy to classify steatosis, biochemical analyses, genotyping of SNPs by PCR and RFLP techniques for
IL17F-A7488G, 1L17A-G1974, TLR4-Asp299Gly and TLR4-Thr399Island. The main objectives were to
evaluate the association between IL17A/F and TLR4 polymorphisms and susceptibility to NAFLD and to
identify the role of these polymorphisms in the progression to NASH.

Results:

4. C(linical differences: BMI and waist circumference were significantly higher in patients with NASH
than controls. Patients with NASH experienced elevated transaminases and an altered metabolic
profile (blood glucose, triglycerides).

5. Genetic associations: IL17A-G197A: Variant genotypes (G/A, A/A) were associated with a
significant risk of NAFL and NASH (OR=10.57, p<0.001). IL17F-A7488G: Carriers of the G allele
had an increased risk of NASH (OR=5.25, p=0.0338). TLR4-Asp299Gly and TLR4-Thr399Ile: Both
polymorphisms were associated with an increased risk of NASH (OR=3.52 and OR=9.87).

6. Haplotypes: The A/A haplotype of the IL17F-A7488G and IL17A-G197A polymorphisms was
identified as a risk factor for NAFLD (OR=3.72, p=0.0038)



Conclusions:
e The polymorphisms I[L17A-G197A, IL17F-A7488G, TLR4-Asp299Gly and TLR4-Thr399lIle are
associated with predisposition to NAFLD and progression to NASH.
o Haplotype IL17-A/A is a significant risk factor for NAFLD.
o These results highlight the genetic role of IL17 and TLR4 in NAFLD inflammation and
pathogenesis, suggesting potential targets for future therapeutic interventions.

Study 2. The relationship of inflammatory markers with the degree of steatosis and fibrosis in
MASLD

The study explores the relationship between inflammatory markers and the severity of steatosis
and liver fibrosis in patients with metabolic dysfunction-associated steatotic liver disease (MASLD). We
included 80 patients diagnosed with MASLD, divided according to the degree of hepatic steatosis: mild,
moderate and severe.

Results:
6. Patients with severe steatosis experienced significantly higher BMI and waist circumference (AC)
and an increased frequency of type 2 diabetes compared to those with mild/moderate steatosis.
7. A significant association was observed between severe steatosis and the CAR ratio (C-reactive
protein/albumin ratio).
8. ALT levels increase significantly with the severity of hepatic steatosis, being a sensitive indicator
of liver damage.
9. Patients at low risk of liver fibrosis (FIB-4 < 1.30) had significantly lower levels of inflammatory
markers PIV and IBS compared to those at intermediate /high risk.
10. PIN was significantly higher in patients at intermediate /high risk of liver fibrosis.
Conclusions: Inflammatory markers such as PIV, IBS and PIN could be used to assess the degree of
steatosis and the risk of liver fibrosis in patients with MASLD, providing useful information for the
diagnosis and prognosis of the disease.

Study 3. The Role of Plasma Levels of IL17 A/F Cytokines and TLR4 Receptors in Modulating the
Inflammatory Response in NAFLD
The study investigates the role of inflammatory biomarkers IL-17A/F and TLR4 in the
pathogenesis of non-alcoholic fatty liver disease (NAFLD) and its progression to non-alcoholic
steatohepatitis (NASH). The study included 81 subjects (43 with NASH/NAFL and 38 healthy controls). The
levels of IL-17A/F and TLR4 were determined by the ELISA technique. The primary objective was to
establish susceptibility to NAFLD by assessing plasma levels of IL-17A/F and TLR4.
Results:
4. Patients with NASH experienced significantly higher body weight, BMI, and liver damage than
those with NAFL and the control group.
5. IL-17A/F levels were significantly increased in the NASH and NAFL groups, reflecting a marked
inflammatory response.
6. Serum TLR4 levels were significantly higher in patients with NASH/NAFL, correlating with the
severity of liver fibrosis.
Conclusions: The results emphasize the importance of IL-17A/F and TLR4 biomarkers in NAFLD
progression and NASH development. Monitoring these molecules can facilitate early diagnosis and guide
therapeutic interventions to prevent severe complications.



General conclusions

Polymorphisms of IL17A/F and TLR4 genes in NAFLD - The study highlights the role of genetic
polymorphisms in susceptibility to non-alcoholic fatty liver disease (NAFLD) and its progression. Carriers
of the IL17A-G197A genotype are at significantly increased risk of developing fatty liver disease (NAFL),
while the IL17F-A7448G genotype is associated with a higher susceptibility to non-alcoholic steatohepatitis
(NASH). The polymorphisms IL17F-G7488A, IL17A-G197A, TLR4-Asp299Gly and TLR4-Thr399Ile are
important in increasing the risk of NASH. Analysis of IL17 haplotypes indicates that haplotype A/A
(A7488G, G1974) is a risk factor for NAFLD. In the case of TLR4 genes, the Asp299Gly and Thr399lle
polymorphisms were observed with a higher frequency in patients with NAFL and NASH, being associated
with a significantly increased risk of developing NASH.

The place of inflammatory markers in evaluating steatosis and fibrosis in MASLD - The study highlights
significant correlations between the severity of hepatic steatosis and inflammatory markers. The degree of
severe steatosis was associated with increased CAR (C-reactive protein/albumin) ratios. Patients at low
risk of liver fibrosis (FIB-4 < 1.30) had lower levels of inflammatory markers PIV and IBS compared to those
at intermediate or high risk (FIB-4 = 1.30). PIN levels were also significantly higher in intermediate- and
high-risk patients, while IBS and PIV recorded higher values in patients at low risk of liver fibrosis.

The role of IL17A/F and TLR4 in the inflammatory process in NAFLD—The study highlighted increased
serum levels of IL17A and IL17F in patients with NASH and NAFL compared to the control group. Also,
serum TLR4 levels were significantly higher in the NASH and NAFL groups compared to the control group.
A statistically significant relationship was observed between TLR4 levels and the degree of liver fibrosis,
suggesting a direct link between increased TLR4 expression and liver fibrosis progression.

Originality and innovative contributions of the thesis

The thesis brings elements of originality by conducting the first prospective study that analyzes
the relationship between IL-17 and TLR4 in modulating the inflammatory response from hepatic steatosis
and non-alcoholic steatohepatitis (NASH) in a population of patients in Romania. It is also **the first study**
to explore correlations between IL-17 and TLR4 expression and NAFLD severity, identifying possible
associations with disease-defining elements. In the context of the current limitations of prognostic
assessment methods in NAFLD, the study highlights the need for objective, simple, non-invasive, and
reproducible markers capable of providing a high predictive value for early diagnosis and evaluation of
disease progression.



