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P, Lyritis GP. Low-density lipoprotein receptor-related protein 5 polymorphisms associate
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36.  Skouroliakou M, Konstantinou D, Koutri K, Stathopoulou M, Kakavelaki C,

Antoniadi M, Xemelidis N, Kona V, Markantonis S. Effect of »-3 fatty acids on oxidative
stress of preterm neonates feed through parenteral nutrition. Eur J Clin Nutr. 2010;64(9):940-
947.

37.  Skouroliakou M, Giannopoulou I, Kostara C, Koutri K, Stathopoulou MG,

Kakavelaki C. Effects of a nutritional intervention in obese postmenopausal women on
atypical antipsychotics. Maturitas. 2010;67(2):166-170.
38.  Skouroliakou M, Kastanidou O, Stathopoulou M, Vourli G. Evaluation of the

antioxidant effect of a new functional food enriched with Sideritis euboea in healthy subjects.
J Med Foods 2009;12(5):1105-1110.
39.  Skouroliakou M, Koutri K, Stathopoulou M, Vourvouhaki E, Giannopoulou I,

Gounaris A. Comparison of two types of TPN prescription methods in preterm neonates.
Pharm World Sci. 2009;31:202-208.
40.  Skouroliakou M, Stathopoulou M, Koulouri A, Giannopoulou I, Stamatiades D,

Stathakis C. Determinants of resting energy expenditure in hemodialysis patients and
comparison with healthy subjects. J Ren Nutr 2009;14:283-290.
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43.  Kaliora AC, Stathopoulou MG, Triantafillidis JK, Dedoussis GV, Andrikopoulos
NK. Alterations in the function of circulating mononuclear cells derived from patients with
Crohn's disease treated with mastic. World J Gastroenterol 2007;13(45):6031-6036.

44.  Kaliora AC, Stathopoulou MG, Triantafillidis JK, Dedoussis GV, Andrikopoulos
NK. Chios mastic treatment of patients with active Crohn's disease. World J Gastroenterol
2007;13(5):748-753.

Scientific reviews

1. Visvikis-Siest S, Gorenjak V, Stathopoulou MG. Personalised Medicine: The
Odyssey from Hope to Practice. J Pers Med. 2018 Sep 21;8(4).

2. Gorenjak V, Akbar S, Stathopoulou MG, Visvikis-Siest S. The future of telomere
length in personalized medicine. Front Biosci (Landmark Ed). 2018 Mar 1;23:1628-1654.

3. Chatelin J*, Stathopoulou MG*, Aldasoro Arguinano AA*, Xie T*, Visvikis-Siest

S*. Pharmacogenomic challenges in cardiovascular diseases: examples of drugs and
considerations for future integration in clinical practice. Curr Pharm Biotechnol.
2017;18(3):231-241. * equal first authors

4. Mazidi M, Rezaie P, Pascal Kengne A, Stathopoulou MG, Azimi-Nezhad M, Siest S.

VEGEF, the underlying factor for metabolic syndrome; fact or fiction? Diabetes Metab Syndr.
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5. Visvikis-Siest S, Stathopoulou MG. Beyond genome-wide association studies:
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6. Visvikis-Siest S, Stathopoulou MG, Ndiaye NC. Common mutations and
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Dedoussis G. Mineral intake. Prog Mol Biol Transl Sci. 2012;108:201-236.
8. Stathopoulou MG, Grigoriou E, Dedoussis GV. Calcium and vitamin D intake

interactions with genetic variants on bone phenotypes. Current Nutrition Reports
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9. Ndiaye NC*, Azimi Nehzad M*, ElI Shamieh S*, Stathopoulou MG*, Visvikis-Siest
S*. Cardiovascular diseases and genome-wide association studies. Clin Chim Acta
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Dedoussis G, Pan B, Buhlmann RP, Noyer-Weidner M, Dietrich PY, Van Schaik R, Innocenti
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2017 May 24;32(2):119-127.

2. Siest G, Medeiros R, Melichar B, Stathopoulou M, Van Schaik RH, Cacabelos R,
Abt PM, Monteiro C, Gurwitz D, Queiroz J, Mota-Filipe H, Ndiaye NC, Visvikis-Siest S.
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4. Siest G, Medeiros R, Melichar B, Stathopoulou M, Van Schaik RH, Cacabelos R,
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Serum 25-hydroxyvitamin D levels of healthy adult women in Greece. Bone Abstracts 2014;
3:PP272

15



6. Grigoriou E, Trovas G, Dontas I, Papaioannou N, Stathopoulou M, Dedoussis G.
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7. Siest G, Ndiaye NC, Shamieh SE, Shahabi P, Stathopoulou M, Saleh AS, Godjo T,
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International Osteoporosis Foundation and European Society for Clinical and Economic
Aspects of Osteoporosis and Osteoarthritis, Florence, Italy, 2010 (Invited presentation).
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P, Lyritis GP. Association of Low-Density Lipoprotein Receptor-Related Protein 5 (LRP5)
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Available at
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Hammond N, Deloukas P, Lyritis GP. The effect of Vitamin D Receptor Gene
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12.  Dedoussis G, Katsalira E, Stathopoulou M, Louizou E, Galanos A, Lyritis GP. The

response to nasal calcitonin and alphacalcidol combined therapy is not related to VDR
polymorphism in women with postmenopausal osteoporosis. J Musculoskel Neuron Interact
2004;4(2):222. 4th International Workshop on Musculoskeletal & Neuronal Interactions,
2004, Chalkidiki, Greece, 2004.

13.  Katsalira E, Dedoussis G, Stathopoulou M, Giannikou P, Galanos A, Lyritis GP.

VDR polymorphism is related to increased risk of vertebral fractures in postmenopausal
osteoporotic women. J Musculoskel Neuron Interact 2004;4(2):221. 4th International
Workshop on Musculoskeletal & Neuronal Interactions, 2004, Chalkidiki, Greece, 2004.
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1. Stathopoulou MG, Xie T, Akbar S, Oster T, Yen FT, Visvikis-Siest S. LSR and

APOE interactions and their role in personalised medicine of type Ill hyperlipidemia. 9™

Santorini Conference, Santorini, Greece, 2018 (poster presentation)
2. Gorenjak V, Stathopoulou MG, Petrelis AM, Visvikis-Siest S. Telomere length in

personalised medicine. 9" Santorini Conference, Santorini, Greece, 2018 (poster presentation)
3. Aldasoro Arguinano AA, Dadé S, Stathopoulou MG, Derive M, Ndiaye NC, Xie T,
Masson C, Gibot S, Visvikis-Siest S. TREM-1 variants associations with TREM-1 protein and
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4. Gorenjak V, Aldasoro Arguinano AA, Dadé S, Stathopoulou MG, Vance D, Masson

C, Visvikis-Siest S. Associations of polymorphisms in the region of the TREM2 gene with
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5. Stathopoulou MG, Xie T, Ruggiero D, Chatelin J, Rancier M, Weryha G, Kurth MJ,
Aldasoro Arguinano AA, Gorenjak V, Petrelis AM, Dagher G, Dedoussis G, Deloukas P,
Lamont J, Marc J, Simmaco M, Van Schaik RHN, Innocenti F, Merlin JL, Schneider J,
Alizadeh BZ, Ciullo M, Seshadri S, Visvikis-Siest S; VEGF Consortium. The VEGF
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TREM2 gene is associated with TNF-a levels and IMT-F. Personalized and Precision
Medicine International Conference — PEMED 2018, Paris, France, 2018 (poster presentation)

7. Stathopoulou MG, Alizadeh B, Casas J, Dagher G, Deloukas P, Innocenti F, Lamont
J, Marc J, Merlin J-L, Schneider J, Simmaco M, Van Schaik RHN, Ciullo M, Seshadri S,
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8. Xie T, Stathopoulou MG, Akbar S, Oster T, Yen FT, Visvikis-Siest S. Epistatic
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Santorini, Greece, 2016 (poster presentation)
9. Stathopoulou MG*, Shahabi P*, Chatelin J, Morange PE, Siest G, Alessi MC**,
Visvikis-Siest S**. Interaction between CYP2C19 polymorphisms and smoking modifies the

CRP level of post- percutaneous coronary intervention patients treated with thienopyridine.
*equal first authors, ** equal second authors. Third ESPT conference Integration of
Pharmacogenomics in clinical decision support, Budapest, Hungary, 2015 (poster
presentation)

10.  Stathopoulou MG, Petrelis AM, Buxton JL, Froguel P, Blakemore AIF, Visvikis-

Siest S. The case of genetic determination of leukocyte telomere length in childhood. Third

ESPT conference Integration of Pharmacogenomics in clinical decision support, Budapest,
Hungary, 2015 (poster presentation)

11.  NC Ndiaye, S EL Shamieh, MG _Stathopoulou, G Siest, MY Tsai, A Benetos, HA
Murray, JV Lamont, P Fitzgerald, S Visvikis-Siest. Epistasis in Blood Pressure Regulation.

7th Santorini Conference Biologie Prospective, Santorini, Greece, 2014 (poster presentation)
12. A Saleh, MG Stathopoulou, M Azimi-Nezhad, NC Ndiaye, H Murray, C Masson, J
Lamont, P Fitzgerald, S Visvikis-Siest. Vascular Endothelial Growth Factor linking
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Prospective, Santorini, Greece, 2014 (poster presentation)
13. MG Stathopoulou, AM Petrelis, JL Buxton, P Froguel, AIF Blakemore, S Visvikis-

Siest. Genetic determination of leukocyte telomere length in children differs from adults. 7th
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14. P Shahabi, T Cuisset, MG Stathopoulou, PE Morange, C Grosdidier, B Herbeth, G

Siest, MC Alessi, S Visvikis-Siest. Genetic-determined low response to thienopyridines is
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18



15.  Choi SH*, Ruggiero D*, Sorice R*, Song C, Nutile T, Vernon Smith A, Pina Concas
M, Traglia M, Barbieri C, Ndiaye NC, Stathopoulou MG, Lagou V, Battista Maestrale G,
Sala C, Debette SA, Kovacs P, Lind L, Lamont J, Fitzgerald P, Tonjes A, Gudnason V,
Ingelsson E, Toniolo D, Pirastu M, Bellenguez C, Vasan RS, Leutenegger AL, Destefano AL,

Visvikis-Siest S, Seshadri S**, Ciullo M**. Six novel loci associated with circulating VEGF

levels identified by a meta-analysis of genome-wide association studies. PLoS Genet. 2016
Feb 24;12(2):e1005874. * equal first authors, ** equal last authors. 64th American Society of
Human Genetics Annual Meeting in San Diego, CA, USA, 2014 (poster presentation)

16.  Grigoriou E, Trovas G, Dontas I, Papaioannou N, Stathopoulou M, Dedoussis G.

Serum 25-hydroxyvitamin D levels of healthy adult women in Greece. European Calcified
Tissue Society Congress, Prague, Czech Republic, 2014 (poster presentation)

17.  Grigoriou E, Trovas G, Dontas I, Papaioannou N, Stathopoulou M, Dedoussis G.

Serum 25-hydroxyvitamin D levels of healthy adult women in Greece. World Congress on
Osteoporosis, Osteoarthritis and Musculoskeletal Diseases, Seville, Spain, 2014 (poster
presentation)

18.  Stathopoulou MG, Monteiro P, Shahabi P, Penas-Lledo E, EI Shamieh S, Silva
Santos L, Thilly N, Siest G, Llerena A, Visvikis-Siest S. Effects of synergy between

clopidogrel and calcium-channel blockers in blood pressure levels. Involvement of CYP2C19
polymorphisms. Second ESPT Conference Pharmacogenomics: From Cell to Clinic, Lisbon,
Portugal, 2013 (oral presentation)

19.  Stathopoulou MG, Monteiro P, Shahabi P, Penas-Lledo E, EI Shamieh S, Silva
Santos L, Thilly N, Siest G, Llerena A, Visvikis-Siest S. Effects of synergy between

clopidogrel and calcium-channel blockers in blood pressure levels. Involvement of CYP2C19
polymorphisms. 1st public LURIC meeting, Mannheim, Germany, 2013 (poster presentation)
20.  Stathopoulou MG, Monteiro P, Shahabi P, Penas-Lledo E, ElI Shamieh S, Silva
Santos L, Thilly N, Siest G, Llerena A, Visvikis-Siest S. Effects of synergy between

clopidogrel and calcium-channel blockers in blood pressure levels. Involvement of CYP2C19
polymorphisms. 3" Congress of the EUSPM, Riolo Terme, Italy, 2013 (oral presentation)

21.  Froguel P, Ndiaye NC, Bonnefond A, Bouatia-Naji N, Dechaume A, Siest G, Herbeth
B, Falchi M, Bottolo L, Guéant-Rodriguez RM, Lecoeur C2, Langlois MR, Labrune Y, El
Shamieh S,_Stathopoulou MG, Morandi A, Maffeis C, Meyre D, Delanghe JR, Jacobson P,
Sjostrom L, Carlsson L, Walley A, Elliott P, Jarvelin MR, Dedoussis GV, Visvikis-Siest S. A

genome-wide association study identifies rs2000999 as a strong genetic determinant of
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circulating Haptoglobin levels. 6th Santorini Conference Biologie Prospective, Santorini,
Greece, 2012 (poster presentation)
22. Kaliora AC, Kountouri AM, Stathopoulou MG, Andrikopoulos NK. Antioxidant and

anti-inflammatory properties of mastic terpenes. A natural product of the Mediterranean.
International PSE Symposium On Terpenes. Istanbul, Turkey, 2010 (poster presentation)

23.  Charopoulos I, Stathopoulou M, Trovas G., Tourni S, Lyritis GP, Papaioannou N.

The correlation of polymorphisms of the vitamin D receptor genomic region with the top bone
density of Greek men. 18th Congress of the Hellenic Society for the Study of Bone
Metabolism, Athens, Greece, 2010 (oral presentation)

24.  Lyritis GP, Stathopoulou MG, Dedoussis GVZ, Trovas G, Theodoraki EV, Katsalira
K, Georgoulas T, Hammond N, Deloukas P. The Effect of Vitamin D Receptor Gene

Polymorphisms in the Bone Mineral Density of Postmenopausal Women Stratified by
Calcium Intake. World Congress on Osteoporosis, International Osteoporosis Foundation and
European Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis,
Florence, Italy, 2010 (Invited poster presentation)

25.  Stathopoulou MG, Dedoussis GVZ, Trovas G, Theodoraki EV, Katsalira K,
Hammond N, Deloukas P, Lyritis GP. The effect of Vitamin D Receptor Gene

polymorphisms in the bone mineral density of postmenopausal women stratified by calcium
intake. American Society for Bone and Mineral Research 31st Annual Meeting, Colorado,
USA, 2009 (poster presentation)

26.  Stathopoulou MG, Dedoussis GVZ, Trovas G, Katsalira K, Hammond N, Deloukas
P, Lyritis GP. Association of Low-Density Lipoprotein Receptor-Related Protein 5 (LRP5)

Gene Variants with Bone Mineral Density in Postmenopausal Women. American Society for
Bone and Mineral Research 31st Annual Meeting, Colorado, USA, 2009 (poster presentation)
27.  Stathopoulou MG, Dedoussis GVZ, Trovas G, Katsalira K, Hammond N, Deloukas
P, Lyritis GP. VDR gene polymorphisms affect the bone density of postmenopausal women

with low calcium intake. 17th Congress of the Hellenic Society for Research of Metabolic
Bone Diseases, Crete, Greece, 2009 (oral presentation)
28.  Stathopoulou MG, Dedoussis GVZ, Trovas G, Katsalira K, Hammond N, Deloukas

P, Lyritis GP. Effect of LRP5 gene polymorphisms on bone density of female postmenopausal
women. 17th Congress of the Hellenic Society for Research of Metabolic Bone Diseases,
Crete, Greece, 2009 (oral presentation)

29.  Skouroliakou M, Koutri K, Stathopoulou M, Vourvouhaki E, Giannopoulou I,

Gounaris A. Comparison of two types of total parenteral nutrition prescription methods in
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preterm neonates. 3rd ACCP-ESCP International Congress on Clinical Pharmacy, Orlando-
Florida, USA, 2009 (poster presentation)
30.  Stathopoulou CG, Stathopoulou MG. Nutritional support of patients with Chronic

Obstructive Pulmonary Disease. 3rd Panhellenic Congress of Caregivers for Persons with
Disabilities. Larissa, Greece, November 2008 (oral presentation)

31.  Charopoulos I, Trovas G, Stathopoulou M, Kyriazopoulos I, Galanos A, Dedoussis

G, Antonogiannakis E, Lyritis GP. The interaction of hygienic habits with the genomic
polymorphisms of vitamin D and calcitonin receptors in bone density of the forearm of young
Greek men. 15th Congress of the Hellenic Society for Research of Metabolic Bone Diseases,
Paphos, Cyprus, 2007 (oral presentation)

32.  Katsalira E, Dedoussis G, Stathopoulou M, Giannikou P, Galanos A, Lyritis GP.

VDR polymorphism is related to increased risk of vertebral fractures in postmenopausal
osteoporotic women. 4" International Workshop on Musculoskeletal and Neuronal
Interactions, Chalkidiki, Greece, 2004 (poster presentation)

33.  Dedoussis G, Katsalira E, Stathopoulou M, Louizou E, Galanos A, Lyritis GP. The

response to nasal calcitonin and alphacalcidol combined therapy is not related to VDR
polymorphism in women with postmenopausal osteoporosis. 4th International Workshop on
Musculoskeletal and Neuronal Interactions, Chalkidiki, Greece, 2004 (poster presentation)

34.  Katsalira E, Dedoussis G, Stathopoulou M, Giannikou P, Galanos A, Lyritis GP.

VDR polymorphism is related to increased risk of vertebral fractures in postmenopausal
osteoporotic women. 12th Congress of the Hellenic Society for Research of Metabolic Bone

Diseases, Limnos, Greece, 2004 (oral presentation)

Teaching experience

1. Lecture on « Genetic and skeletal health and development ». Post-graduate course «
Nutrition and development » of the Faculty of Dietetics-Nutrition of the Harokopio University
of Athens 2010-2011, Athens, October 2010.

2. Lecture on « Genetic and skeletal health ». Seminar of Basic Education in Metabolic
Diseases of Bone, Athens, January 2005.

3. Lecture on « The BMI in the diagnosis of severe undernourishment ». Educational

Program of the Laboratory for the Research of the Musculoskeletal System (LRMS) of the
Medical School of the University of Athens 2004-2005, Athens, November 2004.
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Supervision of students and participation in evaluation committees

Co-direction (50%) of doctoral students with official autorisation (Autorisation a
Codiriger une These, ACT)

1. Vesna Gorenjak: « Outils biostatistiques /bioinformatiques pour une recherche de médecine
personnalisée : télomeres, facteur de croissance de I'endothélium vasculaire (VEGF) et
molécules associees »

Codirected with Dr Sofia Siest

Date of ACT: 11/12/2017

Doctoral School BioSE, University of Lorraine

Co-financed by the « Région Lorraine », the project « FEDER-FSE Lorraine et Massif des
Vosges 2014-2020 » and the project “Agence Nationale de la Recherche, programme
d’Investissements d’avenir”, grant number ANR-15RHU-0004

Thesis defense: End of 2019

| will participate in the evaluation committee of this thesis.

2. Jéréme Chatelin: « Interactions gene x gene, géne x environnement et Médecine Prédictive,
Préventive, Personnalisée et Participative (4P) dans I'inflammation »

Codirected with Dr Sofia Siest

Date of ACT: 16/09/2015

Doctoral School BioSE, University of Lorraine

Thesis defense: February 2019

| will participate in the evaluation committee of this thesis.

3. Ting Xie: « Interactions épistatiques pour le développement des algorithmes de prédiction
des maladies cardiovasculaires: De l'approche gene-candidat au séquencage de prochaine
génération »

Codirected with Dr Sofia Siest

Date of ACT: 16/09/2015

Doctoral School BioSE, University of Lorraine

Co-financed by the « Région Lorraine », the project « FEDER-FSE Lorraine et Massif des
Vosges 2014-2020 » and the project “Agence Nationale de la Recherche, programme
d’Investissements d’avenir”, grant number ANR-15RHU-0004
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Thesis defense: December 2017

| have participated in the evaluation committee of this thesis.

Co-direction (50%) of doctoral students without official autorisation

4. Marc Rancier : « Intérét de la génomique du VEGF en endocrinologie clinique »
Codirected with Dr Sofia Siest

Doctoral School BioSE, University of Lorraine

Thesis defense: March 2015

| have participated in the evaluation committee of this thesis.

5. Abdelsalam Saleh : « VEGF: Un biomarqueur potentiel dans la physiopathologie
cardiovasculaire »

Codirected with Dr Sofia Siest

Doctoral School BioSE, University of Lorraine

Financed by Libyan funding

Thesis defense: March 2015

| have participated in the evaluation committee of this thesis.

6. Mohsen Azimi Nezhad : «VEGF-A et phénotypes intermédiaires des maladies
cardiovasculaires : une approche de génomique fonctionnelle »

Codirected with Dr Sofia Siest

Doctoral School BioSE, University of Lorraine

Financed by Iranian funding

Thesis defense: September 2012

Co-direction (50%) of master students

1. Alexandros Petrelis : « Investigations biostatistiques/bioinformatiques des interactions gene
x géene impliquées dans le risque cardiovasculaire - la longueur des télomeres leucocytaires
chez les enfants »

Codirected with Dr Sofia Siest

Master Il Ingénierie Mathématique et Outils Informatiques, IMOI, Faculty of Sciences and

Technologies, University of Lorraine
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Period : 01/04/2014 - 30/09/2014

| have participated in the evaluation committee of this thesis.

Trainees (stagiaires)

1. Responsible for training of 4 secondees participating in the project « Mastiha treatment for
obese with NAFLD diagnosis -MAST4HEALTH », within the framework of the HORIZON
2020 Marie Sktodowska-Curie actions - Research and Innovation Staff Exchange (MSCA
RISE):

v Dr Dwaine Vance, Randox Laboratories, period: 02/10/2017 — 02/04/2018

v" Lauren Doherty, Randox Laboratories, period: 02/10/2017 — 02/01/2018

v’ Eirini Chroni, Chios Mastiha Growers Association, period: 01/04/2018 — 31/08/2018

v' Georgia Maurikou, Chios Mastiha Growers Association, period: 01/04/2018 —

31/08/2018

2. Professional tutor (50% with Christine Masson) of Chloé Hatrisse : « Certification d’un
Centre de Ressources Biologiques »

License Professionnel « Biotechnologies appliquées a la santé », University of Reims
Champagne-Ardenne)

Period : 30 January 2017 — 28 July 2017

Other activities linked to research

1. Member of the Steering Committee of the Biological Resources Centre (BRC) IGE-PCV
(BB-0033-00051) of the Unit IGE-PCV; U1122, Manager and Coordinator of
Collaborations, Responsible for the transfert of data and biological material, and Quality
advisor

2. Administrator of the “Omics_BioBook” Biostatistics / Bioinfomatics platform

Administrative activities

Member of the laboratory council of the unit IGE-PCV; U1122
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Other activities

Member of the emergency standby personnel for the security of biological material stored in
the freezers of the BRC IGE-PCV.

Awards and Fellowships

1. 2012  Fellowship for post-doctoral research entitled: “Les Interactions Geéne-
Environnement dans [’era des analyses pangénomiques (genome-wide scan, GWS)”,
Région Lorraine, France.

2. 2010 Award for Best Research Study: “Association of VDR polymorphisms with
peak bone mass in Greek men”, Hellenic Society for Research of Metabolic Bone
Diseases, Greece.

3. 2010  Funding for the research program entitled: “Vitamin D levels, bone markers
and genetic factors in Greek sample of men and women”, Hellenic Society for
Research of Metabolic Bone Diseases, Greece.

4. 2009  Award for Best Research Study “The effect of common polymorphisms of
LRP5 gene on bone mineral density of Greek postmenopausal women”, Hellenic
Society for Research of Metabolic Bone Diseases, Greece

5. 2007  Award for Best Research Study: “Interaction of nutrition and environmental
factors with genetic polymorphisms of the VDR and CTR gene on peak bone mass in
Greek men”, Hellenic Society for Research of Metabolic Bone Diseases, Greece.

6. 2007  Funding for the research program entitled: “Association study of genetic
polymorphisms with bone mineral density and risk factors for osteoporosis”, Hellenic
Society for Research of Metabolic Bone Diseases, Greece.

7. 2005  Fellowship for doctoral studies from the State Scholarships Foundation,
Greece

8. 2004  Award for Best Research Study: “VDR polymorphism is related to an
increased risk of vertebral fractures in postmenopausal osteoporotic women”,
Hellenic Society for Research of Metabolic Bone Diseases, Greece.

9. 2004  Funding for the research program entitled: “Interaction of nutritional and
environmental factors with genetic polymorphisms of the VDR and CTR gene on peak
bone mass in Greek men”, Hellenic Society for Research of Metabolic Bone Diseases,

Greece.
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Organisation of conferences

1) The 9th Santorini Conference, Santorini, Greece, 2018.

2) 8th Santorini Conference, Santorini, Greece, 2016.

3) Third ESPT Conference: Integration of pharmacogenomics in clinical decision support,
Budapest, Hungary, 2015.

4) Tth Santorini Conference Biologie Prospective, Santorini, Greece, 2014.

5) Second ESPT Conference Pharmacogenomics: From Cell to Clinic, Lisbon, Portugal,
2013.

6) 6th Santorini Conference Biologie Prospective, Santorini, Greece, 2012.

Member of Scientific Societies

Hellenic Osteoporosis Foundation
European Society of Pharmagenomics and Personalised Therapy

European Society of Predictive Medicine
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Résumé des travaux de recherche, d’enseignement et d’administration en frangais

Pendant mes études (Maitrise, bac+4) en nutrition clinique et en diététique a 1’Université
Harokopio d’Athénes, en Grece, j’ai été attiré par le domaine de la génétique et des
interactions avec la nutrition. Mon projet de thése a été réalisé au laboratoire de recherche sur
le systeme musculo-squelettique (LRMS) de la Faculté de Médecine de I'Université Nationale
et Kapodistrienne d'Athénes (Gréce) et s'intitulait «<Réponse au traitement par la calcitonine et
association au polymorphisme de la CTR chez la femme ménopausée ostéoporotique.

Aprés mes études et en parallele & mon doctorat, j'ai été recrutée comme chercheur
contractuel a I'Université Harokopio d'Athénes, en Gréce, et j’ai travaillé dans 9 projets de
recherche concernant les effets de la nutrition sur la santé et les maladies chroniques. Ces
projets comprenaient 4 essais cliniques randomisés, 1 étude d'intervention et 4 études
observationnelles. Ils ont abouti a 8 articles originaux (publications 36, 37, 38, 39, 40, 41, 43,
44) et ils ont été présentés dans 3 conférences (conférences 22, 29, 30).

Mon introduction dans le domaine de la recherche en épidémiologie génétique des maladies
chroniques a été efficace pendant mon doctorat grace a mes projets de recherche centrés sur
I'ostéoporose au Laboratoire LRMS de la Faculté de Médecine de I'Université Nationale et
Kapodistrienne d'Athenes en Grece. Les phénotypes liés a l'ostéoporose sont hautement
héritables (par exemple, I'héritabilité de la densité minérale osseuse (DMO) est estimée a 50-
80%) et, comme la plupart des maladies chroniques, elle est caractérisée par une régulation
polygénique. Les études pangénomiques (GWAS) et genes-candidats ont réussi a identifier
des variants génétiques associés a la DMO et de nouvelles voies biologiques menant a de
nouveaux agents thérapeutiques.

L'objectif de ma recherche de master Il et de doctorat était d'évaluer les variants génétiques
associees a la DMO, en tenant compte les interactions possibles avec apport alimentaire en
calcium. Trois génes-candidats ont été sélectionnés a cause de leur implication dans des voies
pathophysiologiques classiques et nouvelles d'ostéoporose, le récepteur de la vitamine D
(VDR), le récepteur de la calcitonine (CTR) et la protéine 5 liée aux récepteurs de
lipoprotéines de basse densité (LRP5).

J'ai démontré que les polymorphismes de genes CTR, VDR et LRP5 ne déterminent pas la
masse osseuse chez les hommes jeunes (publication originale 42) et qu’ils ont un effet
important sur la DMO uniquement lorsque la consommation de calcium est faible chez les
femmes ménopausées. Par contre la consommation élevée de calcium a un effet protecteur sur

la DMO contre la détermination génétique. Nous avons également souligné I'importance de
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prendre en compte l'apport nutritionnel et les interactions de la nutrition avec les
polymorphismes génétiques lors de I'évaluation du risque de maladies multifactorielles
chroniques telles que I'ostéoporose. Les résultats correspondants ont été publiés dans deux

publications originales (publications originales 34 et 35).

Pendant la période de post-doctorant a ’'UMR INSERM; IGE-PCV «Interactions Géne
Environnement-Physio-Cardio-Vasculaire» j’ai travaillé dans 5 thématiques de recherche:
* Projet 1: Etude du facteur de croissance de I'endothélium vasculaire (VEGF) et de son
implication dans les maladies cardiovasculaires (MCV)
« Projet 2: Evaluation des interactions géne X géne et géne X environnement pour la
régulation de la pression artérielle
* Projet 3: Etude d'association pangénomique sur les déterminants génétiques des taux
d'haptoglobine
* Projet 4: Déterminants génétiques de la longueur des téloméres chez I'adulte et I'enfant

* Projet 5: Projets pharmagénomiques du clopidogrel

J'ai participé a de nombreux contrats de recherche de I'Unité:

1. «Les interactions génétiques dans I’analyse des études pangénomiques» en bénéficiant
d’une bourse par la Région Lorraine pour ma recherche post-doctorale

2. Projet «Biolntelligence». Il s’agissait d’un projet national coordonné par Dassault-
Systemes et regroupant de nombreux partenaires de recherche et industriels: EPI Orpailleur,
Sobios, Aureus Pharma, Ipsen, Pierre Fabre, Sanofi-Aventis, Servier, Bayer CropScience,
INSERM, Génopole Evry. Il visait a concevoir, développer et mettre en ceuvre des logiciels
utiles sur le plan clinique pour les sciences de la vie et les maladies multifactorielles. Les
projets de recherche sur le VEGF et les interactions géne x gene et géne x environnement ont
été utilisés dans le cadre de ce projet pour faciliter le développement de logiciels de voies
métaboliques

3. Projet «Interactions génes-environnement en physiopathologie cardio-vasculaire» financé
par l'infrastructure BIOBANQUES Inserm dans le cadre de I'appel «Réseaux thématiques de
biobanques». Ce projet visait a développer une plate-forme informatique appelée
«Omics_BioBook», capable de gérer, stocker et transférer avec la «sécurité» les données
provenant du BRC IGE-PCV via le réseau collaborateur de I'unité IGE-PCV; U1122

4. Projet «Omics» de STANISLAS Family Study. Ce projet reposait sur un contrat entre
I’'unité IGE-PCV; U1122 et le Wellcome Trust Sanger Institute au Royaume-Uni
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5. Projet «TELARTA (Télomeres et vieillissement artériel)». Il s’agissait d’un programme de
recherche financé par I’ANR, ou I'unité IGE-PCV; U1122 est responsable d'un package de

travail

Jiai co-dirigé la these de Mohsen Azimi Nezhad: «VEGF-A et phénotypes intermédiaires des
maladies cardiovasculaires: une approche de la génomique fonctionnelle». La soutenance de
la thése a eu lieu en septembre 2012 et a donné lieu a 6 publications.

J'ai co-dirigé la these de Marc Rancier : «Intérét de la génomique du VEGF en endocrinologie
clinique» et Abdelsalam Saleh: «VEGF: Un biomarqueur potentiel dans la physiopathologie
cardiovasculaire» qui ont éte présentées en mars 2015 et qui ont donné lieu respectivement a 4
et 3 publications. J'ai participé au comité d'évaluation de ces deux theses.

Jai co-supervise le master Il d'Alexandros Petrelis: «Investigations biostatistiques /
bioinformatiques des interactions entre génes impliquées dans le risque cardiovasculaire -
longueur des télomeéres leucocytaires chez les enfants». La défense était en septembre 2014 et

a abouti & une publication originale.

J'ai participé a l'organisation des conférences suivantes en tant que membres du comité
d'organisation:
« 7éme Conférence Biologie Prospective de Santorin, Santorin, Grece, 2014,
« 2éme Conférence ESPT Pharmacogénomique: De la cellule a la clinique, Lisbonne,
Portugal, 2013.

» 6éme Conférence Biologie Prospective de Santorin, Santorin, Grece, 2012.

Depuis 2015, j’ai été recrutée comme ingénieur de recherche a I''NSERM au sein de ’'UMR
U1122.
Jusqu'a aujourd'hui, je participe a 5 projets:
* Projet 1: L'étude sur le VEGF
* Projet 2: Effets des polymorphismes du LSR sur la lipidémie et la maladie
d’Alzheimer
* Projet 3: Récepteurs déclencheurs exprimés sur les cellules myéloides (TREM) et
I’inflammation
* Projet 4: La longueur des télomeres en tant que biomarqueur pour la médecine
personnalisée

* Projet 5: Nouveaux déterminants génétiques des molécules d’inflammation
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Je participe également a 3 consortiums internationaux:

1. Consortium VEGF: Je suis le chef de projet du consortium et membre du comité de
pilotage.

2. Consortium CHARGE: Je suis lI'analyste principal et le responsable de contact pour I'lGE-
PCV; U1122. Jai participé aux 4 projets.

3. Groupe mondial collaborant sur les facteurs de risque liés aux maladies chroniques (NCD-
RisC): Je suis l'analyste principal et le responsable de contact pour I'lGE-PCV; U1122. Jai

participé a 6 publications originales.

Depuis 2015, je participe aux contrats suivants de I'lGE-PCV; U1122:

1. «Traitement avec mastic des obéses en bonne santé avec NAFLD - MAST4HEALTH»,
financé par la Communauté européenne dans le cadre du projet H2020-MSCA-RISE-2015:
Marie Sklodowska actions de recherche et échange de personnel.

2. «Combattre l'insuffisance cardiaque, FIGHT-HF», financé par I'ANR dans le cadre des
projets «Recherche hospitalo-universitaire en santé», ANR-15RHU-0004 (2015-2020). ).

3. Projet «TELARTA» financé par I'ANR dans le cadre du projet «<KANR Programme de
Recherche Translationnelle en Santé».

4. «Projet GEENAGE (génomique fonctionnelle, épigénomique et environnement pour la
gestion du vieillissement saine et pathologique)», financé dans le cadre du projet LUE
(Université d'excellence de Lorraine).

5. «Développement d’un systéme de gestion et d’analyse des échantillons biologiques et des
données « -omiques » liées au VEGF», financé par le Péle BMS «Biologie, Médecine, Santé»
dans le cadre du projet AAP-BMS interne « Projets incitatifs - Crédits CS-UL 2018 . Pour ce

projet, je suis I’investigateur principal.

Depuis ma nomination en tant qu'ingénieur de recherche a I'lnserm en 2015, j'ai co-dirigé 3
doctorants en obtenant 1’Autorisation a Codiriger une Thése (ACT) de I'école doctorale
BioSE:

1. Ting Xie: «Interactions épistatiques pour le développement des algorithmes de prédiction
des maladies cardiovasculaires: De l'approche gene-candidat au séquencage de prochaine
géneration». La these a abouti a 5 publications. La soutenance a eu lieu en décembre 2017 et
j'ai participé au comité d'évaluation.

2. Jérdme Chatelin: «Interactions géne x gene, géne x environnement et Médecine Prédictive,

Préventive, Personnalisée et Participative (4P) dans l'inflammation». La thése a abouti a 3
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publications a ce jour. La soutenance aura lieu en 2019 et je participerais au comité
d'évaluation.

3. Vesna Gorenjak: «Outils biostatistiques /bioinformatiques pour une recherche de médecine
personnalisée : télomeres, facteur de croissance de I'endothélium vasculaire (VEGF) et
molécules associées». La soutenance est prévue pour fin 2019 et je participerais au comité

d'évaluation. Jusqu'a présent, 4 publications ont été produites par cette these.

J'étais le tuteur professionnel du stagiaire de la Licence Professionnel Chloé Hatrisse:
«Certification d'un Centre de Ressources Biologiques». Dans le cadre du projet H2020 MSCA
RISE 2015, j'étais responsable pour la formation de 4 personnes dans le cadre du projet
«MAST4HEALTH» pour les domaines de I'épidémiologie génétique et des analyses
statistiques: Dwaine Vance, Laboratoires Randox, 6 mois, Lauren Doherty, Laboratoires
Randox, 3 mois, Eirini Chroni, Association des producteurs de Chios Mastiha, 5 mois et

Georgia Maurikou, Association des producteurs de Chios Mastiha, 5 mois.

J'ai participé a l'organisation des conférences suivantes en tant que membre du comité
d'organisation:

* 9¢éme Conférence de Santorin, Santorin, Gréce, 2018.

» 8¢me Conférence de Santorin, Santorin, Gréce, 2016.

* Troisiéme conférence ESPT: Intégration de la pharmacogénomique dans l'aide a la décision
clinique, Budapest, Hongrie, 2015.

Lors de la 8eme Conférence de Santorin, j'étais également membre du comité des posters,
chargé de I'évaluation des posters et de la sélection des lauréats pour les prix. J'étais président

de ce comité lors de la 9éme Conférence de Santorin.

Je suis également membre du comité de direction du Centre de Ressources Biologiques
(CRB) IGE-PCV (BB-0033-00051) situé dans 1’Unité IGE-PCV; U1122. Je suis responsable
et coordinatrice des collaborations et responsable du transfert des données et du matériel
biologique. Je suis également référent qualité et je participe a la mise en ceuvre de la
démarche qualité de la certification selon la norme NF S 96-900.

Je suis également I'administrateur de la plate-forme «Omics_BioBook». Cette plateforme est
une plateforme biostatistique / bioinformatique, développée en collaboration avec 1’Inserm
Grand Est, ’Université de Lorraine et I’infrastructure BIOBANQUES. 1l s’agit d’une plate-

forme de haute performance dotée d’une capacité de stockage €élevée (60 To pour le stockage
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et 80 To pour le serveur de réplication automatique), congue pour répondre aux avancées
méthodologiques et technologiques du stockage et de I’analyse de données «-omiques», afin
de garantir la securité des données du CRB IGE-PCV, et dassurer la rapidité et la
performance des analyses a grande échelle des consortiums internationaux dans lesquels
I''GE-PCV; U1122 participe.

Je suis membre du conseil de laboratoire de I'Unité IGE-PCV; U1122. Je participe aux
réunions annuelles qui ont pour objectif de planifier les décisions stratégiques pour l'avenir de

l'unité.

Résume du projet de recherche en francais

L’étude des déterminants « -omiques » du VEGF dans la médecine personnalisée des

maladies chroniques

Objectifs

L'objectif général du projet est de développer des algorithmes de prédiction du risque pour la
prédiction personnalisée du risque des MCV et d'autres maladies chroniques sur la base des
déterminants «-omiques» du VEGF. Des données volumineuses provenant de déterminants «-
omiques» (génétique, transcriptomique, protéomique et épigénétique) du VEGF et des
molécules associées seront combinées avec les facteurs environnementaux et avec des
interactions épistatiques avec d'autres molécules impliquées dans les processus
physiopathologiques communs aux maladies chroniques (angiogenése, inflammation,

métabolisme des lipides). Les objectifs spécifiques du projet sont:

1. L’identification des déterminants «-omiques» du VEGF et de leurs interactions avec les
facteurs environnementaux en santé par le biais de méthodes multidisciplinaires «-omiques»
robustes et valables (y compris la génétique, 1’épigénétique et la transcriptomique) dans de
grandes populations longitudinales et familiales saines d'ascendance européenne.

2. ldentification des déterminants «-omiques» du VEGF qui affectent les facteurs de risque de
MCYV, de la maladie d’Alzheimer (AD) et de lI'ostéoporose, ainsi que leurs interactions avec

les facteurs environnementaux chez des populations saines.
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3. L'identification des déterminants «-omiques» du VEGF qui affectent le risque de MCV, de
AD et d'ostéoporose dans les populations cas-témoins et les études prospectives. Cette
approche permettra de tester la spécificité de différents déterminants «-omiques» sur
différentes maladies.

4. Le développement de modeles et dalgorithmes de prédiction du risque basés sur les VEGF
«-omiques». Leur valeur prédictive sera évaluée dans le cadre d'études prospectives visant a
identifier les groupes a risque parmi les individus tout au long de leur vie. Leur utilité et
I'efficacité de la stratification seront comparees aux algorithmes conventionnels de prévision
du risque, en tenant compte a la fois de I'age et du sexe.

Le projet utilisera les ressources disponibles dans I''GE-PCV; U1122 et le consortium VEGF
coordonné par 1’Unité. Les ressources en population incluent des cohortes reconnues (SFS,
Framingham Heart Study (FHS); étude Cilento, LLs, ORIGIN), des populations cas-témoins,
des populations issues des biobanques (BRC IGE-PCV, BBMRI-ERIC, une infrastructure
paneuropéenne, et UK Biobank) et des collaborations avec d’autres consortiums tels que
CHARGE, METASTROKE et MEGASTROKE pour lesquels les données «-omiquess»
souhaitées sont disponibles. La plate-forme «Omics_BioBook» sera utilisée pour le stockage

et I'analyse des données.

Mise en oeuvre du projet

Le projet sera basé sur 4 axes, un pour chaque objectif spécifique.

Axe 1: Identification des déterminants «-omiques» du VEGF en santé
L'objectif principal de lI'axe 1 est d'identifier les déterminants génétiques, transcriptomiques et
épigénétiques de la biologie du VEGF en santé en utilisant de méthodes «-omiques» robustes

et validés dans de grandes cohortes familiales et longitudinales d'individus en bonne santé.

Déterminants génétiques des taux de VEGF

Nouvelles méta-analyses pangénomiques (GWAS) seront utilisées avec 1’ajout de nouvelles
populations disponibles via le consortium CHARGE et I’étude ORIGIN. L’objectif est de
rassembler plus de 20000 personnes, augmentant ainsi la puissance de 1’étude et le potentiel
d’identification de nouveaux variants qui augmenteront le pourcentage de variabilité des
niveaux de VEGF expliqués. Une liste de polymorphismes indépendants significatifs sera
développée, tandis que des polymorphismes atteignant un niveau de signification de 0,05 par

correction FDR (critere moins strict comparé a la correction classique de Bonferroni
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appliquee dans GWAS) peuvent également étre ajoutés a la liste des génes candidats
déterminants du VEGF. De nouvelles découvertes seront également prévues par les études
d’interaction géne X environnement. Des réplications seront réalisées au UK Biobank. Un

score génetique de tous les marqueurs indépendants sera développé.

Déterminants transcriptomiques des taux de VEGF

Le séquencage de I'ARN par TrueSeq (Illumina) sur des instruments HiSeq2500 (75 pb paired
end reads) a été effectué pour 220 personnes appartenant a 70 familles de la cohorte SFS. Ces
données et d'autres données transcriptomiques par la méthode de séquencage d'ARN ou de
gPCR disponibles dans les populations saines participant au consortium VEGF seront
combinées afin de quantifier I'expression des isoformes pro- et anti-angiogéniques du gene du
VEGF dans les cellules sanguines mononucléaires périphériques. Apres leur quantification,
une analyse d'association et des méta-analyses seront effectués afin d'identifier les isoformes

qui affectent davantage les niveaux de VEGF.

Déterminants épigénétiques des taux de VEGF

Le profil de méthylation de I’ADN a I’aide de la puce Infinium Methylation450K (Illumina)
capable d’interroger 450000 sites CpG et de quantifier les niveaux de méthylation de I’ADN
est disponible pour 220 personnes de la cohorte SFS et des autres populations en bonne santé
participant au consortium VEGF. Des méta-analyses seront effectuées pour identifier les

sondes de méthylation associées de maniere significative aux niveaux de VEGF.

Axe 2: ldentification des déterminants « -omiques » du VEGF associés aux facteurs de risque
de maladies chroniques

L'objectif principal de I'axe 2 est d'établir et de quantifier I'effet des déterminants «-omiques»
du VEGF sur les facteurs de risque des maladies chroniques et leurs interactions avec les
facteurs environnementaux. Ces facteurs de risque comprennent les lipides sanguins, la
pression artérielle, le métabolisme du glucose, l'obésité et les traits d'inflammation: la
pression arterielle systolique, la pression artérielle diastolique, la pression artérielle moyenne,
la protéine C réactive, I'naptoglobine, l'interleukine 6, le facteur de nécrose tumorale o, la
glycémie a jeun, les taux d'insuline, I’indice de masse corporelle, la tour de taille, le rapport
taille / hanche, les lipoprotéines de haute et bas densité, I’apolipoprotéine E, les triglycerides,
indice de produit d'accumulation de lipides (LAP) et indice d'adiposité viscérale (VAI). Le
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risque calculé par le systtme SCORE sur dix ans d'un premier événement MCV fatal, telle
qu'une crise cardiaque, un accident vasculaire cérébral, un anévrisme de l'aorte ou un autre
événement sera également utilisé comme phénotype d'intérét. Ces phénotypes sont
disponibles dans les cohortes du Consortium VEGF, CHARGE et la UK Biobank, réunissant
un échantillon puissant. Les interactions directes, gene x gene et géne x environnement seront
testées. Cet axe identifiera des déterminants spécifiques «-omiques» du VEGF qui affectent
des voies specifiques et des facteurs de risque de maladies.

Axe 3: ldentification des déterminants moléculaires du VEGF associés au risque de maladies
chroniques

L'objectif principal de I'axe 3 est d'identifier les déterminants «-omiques » du VEGF qui
pourraient étre utilisés pour prédire le risque de maladie. On utilisera des populations cas-
témoins atteintes de MCV, d’AD et d'ostéoporose. Ces populations sont disponibles dans le
CRB IGE-PCV, les consortia VEGF, CHARGE, METASTROKE et MEGASTROKE, et les
biobanques BBMRI-ERIC et UK Biobank. Dans ces populations, les déterminants «-
omiques» du VEGF identifiés dans les axes 1 et 2 seront testés pour déterminer les
associations avec un risque accru de maladies évaluées. Nous nous attendons a identifier des
déterminants «-omiques» spécifiques pour chaque maladie et a conduire a la sélection des

biomarqueurs les plus puissants a ajouter aux modeles de prévision du risque du prochain axe.

Axe 4: Développement et évaluation de la valeur prédictive d'algorithmes personnalisés de
prédiction du risque basés sur les déterminants «-omiques» du VEGF

L'objectif principal de l'axe 4 est de développer et de démontrer la valeur préedictive
indépendante et additive de déterminants du VEGF spécifiques aux MCV, a I'AD et a
I'ostéoporose, identifiés dans les axes précédents pour I'évaluation du risque de maladie par
des algorithmes de prédiction computationnels. La valeur prédictive sera évaluée dans de
grandes cohortes prospectives dans le but d'identifier les groupes a risque parmi les individus
tout au long de leur vie. L'utilité prédictive incrémentielle et I'efficacité de stratification des
nouveaux algorithmes seront comparées aux algorithmes classiques de prédiction du risque
tels que le systeme SCORE, le risque cardiovasculaire de Framingham (FGCVDRP) pour les
MCYV et I'outil d'évaluation du risque de fracture FRAX WHO pour I'ostéoporose.

Resultats attendus

Les principaux résultats attendus sont:
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» Déterminants «-omiques» du VEGF a utiliser pour la détermination moléculaire des MCV,
de I’AD et de l'ostéoporose.

* Nouveaux modeles de prédiction du risque basés sur les «-omiques» du VEGF - algorithmes
pour les MCV, I’AD et I'ostéoporose.

Ces résultats auront un impact important sur la connaissance de la biologie du VEGF et de
son implication dans les maladies évaluées, mais démontreront également son utilité en tant
que biomarqueur de la médecine personnalisée gréace a la prédiction précoce du risque.

Les connaissances générées par le projet seront mises a la disposition de la communauté
scientifique et du public a la suite de plusieurs publications dans des revues internationales a
facteur d'impact élevé dans les domaines medical, génétique et épidémiologique et lors de

conférences scientifiques.

Résumé des activités de valorisation et de transfert et visibilité scientifique
en francais

Nombre total de publications (revues a comité de lecture): 66
v" Nombre de publications originales (revues avec comité de lecture): 44
v" Nombre de revues scientifiques (revues a comité de lecture): 9

v" Nombre de publications des conférences (revues a comité de lecture): 13

Conférences-colloques: 34

Sur les 53 publications originales et revues scientifiques, 48 ont été trouvées dans la base de
données Web Of Science en novembre 2018. Les analyses de ces 48 publications ont révélé
ce qui suit:

Somme des citations: 3528

Somme des citations excluant les auto-citations: 3482

Moyenne de citations par article: 73.5

Indice h: 16

36



Research, teaching and administrative activities

Assistant Researcher (2002-2005) in the project: Response in calcitonin therapy and
association with CTR polymorphisms in osteoporotic postmenopausal women.
Medical School of Athens, National and Kapodistrian University of Athens, Harokopio

University of Athens, Greece

During my bachelor studies in clinical nutrition and dietetics (4 years university studies) in
Harokopio University, Athens, Greece, I first came in contact and was attracted by the field of
genetics and interactions with nutrition. My bachelor dissertation project was performed in the
Laboratory for the Research of the Musculoskeletal System (LRMS), Medical School,
National and Kapodistrian University of Athens, Greece and was entitled “Response in
calcitonin therapy and association with CTR polymorphisms in osteoporotic postmenopausal
women”.

The study was performed in osteoporotic postmenopausal women treated with nasal calcitonin
and alphacalcidol combined therapy (n=160). Selected candidate genes implicated in classical
and novel osteoporosis pathways were tested including the vitamin D receptor (VDR)
(rs1544410) and the calcitonin receptor (CTR) (rs1801197).

The study indicated the VDR polymorphism was associated with an increased risk of vertebral
fracture. Furthermore, none of the polymorphisms affected the response to calcitonin therapy.
These results were presented in 3 conferences (conferences 32, 33 and 34) and received one
award for Best Research Study in 2004 from the Hellenic Society for Research of Metabolic
Bone Diseases (award 8).

This study was funded by Pharmaserve Lilly S.A.C.1.

My participation included the DNA isolation and genotyping and databases preparation. This
work introduced me to genetic epidemiology, clinical research and human chronic diseases

fields.
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Contractual researcher (2004-2010)

Harokopio University of Athens, Greece

Following my bachelor studies and in parallel with my doctorate, | was recruited as a
contractual researcher in Harokopio University of Athens, Greece, in 9 research projects
concerning the effect of nutrition in health and disease. These projects included 4 randomized
clinical trials, 1 intervention study and 4 observational studies. They have resulted in 8
original papers (publications 36, 37, 38, 39, 40, 41, 43, 44) *® and they have been presented in
3 conferences (conferences 22, 29, 30).

My contribution in these studies included patients’ recruitment, data collection, analysis and
interpretation of data and drafting of the manuscripts. As these projects are not directly linked
with my research interests on genetic epidemiology are not presented in details in this report.
However, their input in my research experience was significant as they enhanced my
experience in multidisciplinary fields, including different study design, statistical analysis and

data interpretation and they increased my skills in clinical research.

Doctoral researcher (2004-2010): Assessment of genetic variants associated with bone
mineral density in Greek populations and gene x environment interactions

Laboratory for the Research of the Musculoskeletal System (LRMS), Medical School,
National and Kapodistrian University of Athens, Greece

My introduction in the field of genetics epidemiology research was effective through my
master and doctoral research projects focused on osteoporosis. Osteoporosis is a chronic
disease characterized by deterioration of bone mass and increased susceptibility to fragility
fractures °. It causes an extreme health and economic burden. It is responsible for more than
8.9 million fractures annually and an osteoporotic fracture happens every 3 seconds.
Osteoporotic fractures are linked with decrease mobility, functionality and quality of life and
with increased mortality and morbidity. Also, given that by 2050, the worldwide incidence of
hip fracture is projected to increase by 310% in men and 240% in women, it is clear that it

10

represents a major public health issue problem (http://www.iofbonehealth.org/facts-

statistics). Osteoporosis related traits are highly heritable (e.g. bone mineral density (BMD)
heritability estimated to be 50-80%) ! and, as most chronic diseases, it is characterized by

12

polygenic regulation Both candidate genes and genome-wide associations studies
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(GWASS) have been successful in the identification of genetic variants associated with BMD
and they have also provided novel biological pathways which led to new therapeutic agents **.
The aim of my master and doctoral research was the assessment of genetic variants associated
with lumbar spine and femoral neck BMD, taking into account possible interactions with
nutrients known to affect the traits, especially calcium **. Selected candidate genes implicated
in classical and novel osteoporosis pathways were tested including the vitamin D receptor
(VDR), the calcitonin receptor (CTR) and the low-density lipoprotein receptor-related protein
5 (LRP5).

The first study was a cross-sectional study conducted on a sample of 301 healthy young men
aiming to assess the genetic effects on peak bone mass. The population aged 18-25 years was
selected during gradational examinations for the Greek Armed forces. Distal bone mineral
content (dBMC), distal BMD (dBMD) and ultradistal BMD (UdBMD) at the forearm were
measured by single X-ray absorptiometry (Osteometer DTX-100, Denmark). Additionally,
there were assessments of the corresponding geometrical areas, such as radial area (ArRad),
ulnar area (ArUIlna) and ultradistal area (ArUd). The polymorphisms rs1801197 of the CTR
gene and the rs1544410 of the VDR gene were genotyped. Direct and epistatic interactions
between the two polymorphisms were assessed. We found no significant direct association or
any epistatic effect between forearm bone mass variables and geometrical areas and the two
polymorphisms. This study indicated that these two polymorphisms of known candidate genes
for osteoporosis are not determining the peak bone mass in Greek males (original publication
42) . In this work, | was involved in the study design, DNA samples preparation and
genotyping, databases preparation and statistical analysis and manuscript revision. | have
presented these results as oral presentations (conferences 23 and 31) which received the
award for Best Research Study in 2007 and 2010 from the Hellenic Society for Research of
Metabolic Bone Diseases (awards 5 and 2).

The second study was a cross-sectional study on 600 postmenopausal women aiming to assess
the genetic effects on bone deterioration during menopause. The subjects were unselected
postmenopausal Caucasian women of Greek origin who were asked to voluntarily participate
in the study through advertisements in four randomly selected Centers of Open Protection for
the Elderly in the Athens region (community centers that aimed for primary health prevention
and social support of elderly persons). The BMD of the lumbar spine (L2-L4) and hip was
measured using dual-energy X-ray absorptiometry with the Lunar DPX-MD device. The
genotyping was performed for the polymorphisms rs1784235, rs491347, rs4988321, and
rs4988330 of the LRP5 gene and the rs1544410 (Bsm-I), rs11568820 (Cdx-2), and rs731236
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(Tag-1) polymorphisms of the VDR gene. For the polymorphisms of the LRP5 gene, we found
that rs4988321 was associated with lumbar spine BMD (P-value=0.002). We also showed a
significant interaction of the rs4988321 polymorphism with calcium intake (P-value=0.016),
where the carriers of the A allele had lower lumbar spine BMD compared to GG homozygotes
(P-value=0.001) only in the lowest calcium intake group (<680mg/day), while in the highest
calcium intake group no differences were found in BMD between genotypes (figure 1). For
the polymorphisms of VDR gene, we have identified significant associations between Tag-I
and Bsm-I with the presence of osteoporosis [odds ratio (OR)=2.141, 95% confidence interval
(95% Cl1)=1.098-4.174, P=.025, and OR=2.216, 95% CI=1.141-4.306, P=.019, respectively]
and between Cdx-2 polymorphism and lumbar spine BMD (P=.025) (figure 2) only in the
group of low calcium intake (<680 mg/day). In the higher calcium intake group, the

polymorphisms of VDR gene were not associated with the assessed traits.
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Figure 1. Adjusted spine bone mineral density (meant95% confidence interval) by
rs4988321 genotype and calcium intake groups.

* Confidence interval (CI).

® Percentiles derived using the median value of calcium intake (680 mg/day) as a cutoff point.

(Calcium intake was assessed using two 24-hour recalls and values were averaged).
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*#% P-value=0.001 for the comparison of mean adjusted spine bone mineral density between
rs4988321 genotypes in the <680 mg/day calcium intake percentile (univariate analysis of

variance using age, weight, height as covariates).

| 3 Cdx-2 genotypes
' TAA
IGA

1.2+ GG
1.1 —

g p

rg 1.0+ j|i

@

8=

o

- —

E.:J 0.9 & :I:

&

e

)
0.5
0.7
0.6

T T
=680mg/day =630mg/day
Calcium percentiles

Figure 2. The effect of Cdx-2 genotypes on spine BMD according to calcium intake.

These findings demonstrated that the polymorphisms of both candidate genes have an
important effect on BMD only when calcium intake is low, while higher calcium intake has a
protective effect on BMD against genetic determination. These results also highlighted the
importance of taking into account the nutritional intake and interactions with genetic
polymorphisms when assessing the risk of chronic multifactorial diseases like osteoporosis.
The related results were published in two original publications (original publications 34 and

35) * In this work, | was involved in the study design, recruitment of the population, data
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collection, BMD measurements, DNA samples preparation, dietary analysis, databases
preparation, statistical analysis and drafting of the manuscripts. They were presented in 5
conferences (conferences 24, 25, 26, 27, 28) and | have received the award for Best Research
Study in 2009 from the Hellenic Society for Research of Metabolic Bone Diseases (award 4).

My doctoral studies were funded by a scholarship from the State Scholarships Foundation in
Greece (award 7) following written examinations that ranked me 2nd in a national
competition in 2005 and 2 research findings from the Hellenic Society for Research of
Metabolic Bone Diseases (award 6 and 9) on 2007 and 2004.

Furthermore, the results of the bibliographic research that | had prepared during my doctoral
studies were presented in two reviews focused on nutritional aspects of skeletal health,
genetics and gene x environment interactions (reviews 7 and 8).

During this period, | participated in the educational programme of the doctoral seminaries of
the Laboratory for the Research of the Musculoskeletal System (LRMS) of the Medical
School of National and Kapodistrian University of Athens. | had given lectures about the links
between nutrition, genetics, their interactions and skeletal health (teaching experience 2 and
3). Furthermore, | have participated in the post-graduate course « Nutrition and development
» of the Faculty of Dietetics-Nutrition of the Harokopio University of Athens 2010-2011 with
a lecture on « Genetic and skeletal health and development » (teaching experience 1).

The recruitment of the post-menopausal population used in my doctoral project resulted in the
establishment of the “OSTEOS-Osteoporosis: SNPs To Environment Study”. This population
participated in the GEFOS/GENOMOS consortium which was a European Union (EU) 7th
Framework Package funded project. The originality of this study, in which | was the principal
researcher, included the large sample size (among the largest populations of Greek origin) and
the assessment of interactions with nutrition, which were limited up to that time. With this
population, | have participated in another International Consortium, the ReproGen
consortium, where | acted as an analyst and author of one meta-analysis concerning the
genetic regulation of menopause age (original publication 30) 2. | was also among the
initiators of the OSTEQOS Il study and population in 2010, which received a funding from the
Hellenic Society for Research of Metabolic Bone Diseases (award 3) and the initial results
were presented as poster presentations in 2 international conferences (conferences 16 and 17).
Moreover, as part of my research training, | participated for 1 year in the recruitment, data
collection and analysis of the FP6 Project “ZINCAGE. Nutritional zinc, oxidative stress and
immune system: biochemical, genetics and life style factors in healthy aging” which was

funded by the EU. Although | was not the principle investigator, my participation offered me
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the experience of working in a multicentre research program on nutritional and genetic
epidemiology.

In conclusion, this thesis brought together clinician and genetic research scientists and
allowed the establishment of strong collaborations in national and international levels. It
enforced my skills in laboratory work, genetic epidemiology of human chronic diseases,
assessment of genetic interactions with environment, linking of genetics with clinical research
as well as efficient group working tasks. It also enforced my skills in genetic epidemiology
study designs, statistical analysis, drafting of manuscripts and participating in multicenter

projects and international collaborations and consortia.

Post-doctoral researcher (2010-2014)
Université de Lorraine, Inserm, IGE-PCV « Interactions Geéne-Environnement en
Physiopathologie Cardio-Vasculaire» U1122 (previously EA 4373 « Génétique

Cardiovasculaire »).

Project 1 : Study of vascular endothelial growth factors (VEGF) and its involvement in
cardiovascular diseases (CVD)

The VEGF-A (most commonly VEGF) is one of the most important factors associated with
angiogenesis and is considered a key regulatory molecule for both physiological and
pathological angiogenesis * %°. Physiological angiogenesis occurs during fetal development.
In the adult, angiogenesis is involved in skeletal growth, pregnancy, wound healing and also
in inflammation, tissue graft and ischemia 2*. VEGF, through its two receptors VEGFR-1 and
VEGFR-2 (vascular endothelial growth factor receptor 1 and 2) and related signaling
pathways, exerts a variety of functions. These include the activation, migration and
proliferation of endothelial cells (ECs), the survival of ECs (through enthothelial nitric oxide
(NO) production) and the mediation of vascular permeability, thus resulting in angiogenesis

and other hemodynamic effects 2> %

(figure 3). Blood vessels are beneficial for normal tissue
growth and regeneration but deviations in angiogenesis are connected to various disease.
Insufficient vessel growth results in CVD (stroke, myocardial infarction), ulcerative disorders
and neurodegeneration, while increased angiogenesis has been observed in cancer, and

inflammatory disease . Especially for cancer, angiogenesis is a fundamental requirement for
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tumor growth as oxygen and nutrients supply is required for tumor progression %. It has been
shown that up to 60% of human tumors express the VEGF gene *°. Due to its important role in
angiogenesis, VEGF has been extensively studied and has been consequently associated with
a variety of diseases such as those mentioned above. An important application of VEGF
biology studies is the production of VEGF inhibitors as therapeutic approach in cancer.
However, non-responsiveness in some type of cancers poses questions concerning VEGF
mode of action. Furthermore, significant side effects have been observed with anti-VEGF
treatment including severe cardiological effects such as hypertension, cardiac ischemia,
arterial thromboembolic events (e.g cerebral and myocardial infarction) and left ventricular
dysfunction. Even if the mechanisms for the cardiological side effects of these therapies are
not yet well-defined, this observation further supports the connection of VEGF with CVD .,
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Figure 3: VEGF, its receptors and their roles. (modified by Vuorio et al, 2012 ')

VEGF therapies have been tested in randomized clinical trials, particularly in patients with
coronary artery disease, with low clinical effects . Higher levels of VEGF have been

observed in patients with vascular diseases; nevertheless, it is not clear whether the up-
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regulation of VEGF is an adaptation to ischemia or if it is rather causal in the onset of these
diseases 2. Also, the involvement of VEGF in atherosclerotic process is conflicting. A
possible neo-vascularization and proinflammatory effect of VEGF has been identified in
animal models and in vitro studies, which leads to progression of atherosclerosis and plaque
instability 3"*2. In contrary, clinical trials using VEGF in humans % and gene therapy in
animal studies **** do not support a positive effect of VEGF on atherosclerosis progression. It
seems that the relationship between VEGF and CVD is complicated due to the complexity of
these multifactorial diseases but also due to pleiotropic effects of VEGF.

VEGF gene gives rise to more than 14 isoforms grouped in two major families due to
differential pre-mRNA splicing (figure 4). The VEGFxxx family results from splicing in
exons 6, 7 and the proximal splice site in exon 8 (exon 8a), while the VEGFxxxb family
isoforms differ in the selection of a distal splice site at exon 8 (exon8b) located 66bp
downstream of the proximal splice site. Thus, the two families have the same number of
amino-acids, but differ in amino-acid sequence of 6 amino-acids at the C-terminus ** *. This
variation results in significant differentiation in structure, receptor interaction and function *’.
As a consequence, while the VEGFxxx isoforms have pro-angiogenic actions (promotion of
angiogenesis), the VEGFxxxb isoforms are anti-angiogenic ** *’. In normal conditions in
adults the anti-angiogenic isoforms are expressed in non-angiogenic tissues and represent
>50% of total VEGF protein %. In contrary, many cancers are characterized by a switch from
the anti-angiogenic to pro-angiogenic isoforms which leads to neo-vascularization and
consequently to tumor growth 2 “ 47 Also, it has been suggested that the isoform profile of
different tumors may affect the responsiveness to anti-VEGF therapies *® *’. Another
interesting point is that the alternative splicing leading to the different isoforms can be
dependent on environmental factors. For example, it is known that VEGF gene is regulated by
inflammation molecules (e.g. IGF-1, TNF-a, TGF-B) but there are no data concerning the type
of isoforms produced ?°. The understanding of the differential and tissue-specific functions of
VEGF related to the different isoforms production in normal and pathological tissues is

expected to allow the development of personalized therapies “.
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Figure 4. VEGF gene, isoforms and protein structure *’

Given the complexity of VEGF biology and its importance to the development and therapy of
complex diseases including CVD and cancer, this molecule has been investigated by the IGE-
PCV; U1122 unit by a detailed integrative approach. In fact, it has designed and implemented
a strategy for the study of VEGF and its links with CVD, which uses genetic and
transcriptomics methodologies. The additive genetic heritability of VEGF plasma levels has
been estimated in a sample of families from the STANISLAS Family Study (SFS) to be
60.5% of the total variance of the trait *°. Basic biological determinant and reference values
have also been established, indicating the age, the platelet count and the alanine
aminotransferase activity as important factors in children and adults *°. Furthermore, a study
on pre-analytical variations influence on VEGF blood levels and gene expression has been
performed in order to specify the optimal conditions and biological samples for the
investigation of VEGF biology in blood **. The following step included a large GWAS, where
a sample of families from the SFS participated for the identification of genetic determinants
of VEGF blood levels. Four single nucleotide polymorphisms (SNPs) in 3 chromosomes were
significantly associated with VEGF concentrations and explained ~ 50% of the heritability of
this phenotype 2. In the same study, a transcriptomics approach performed by IGE-PCV:;
U1122 unit with peripheral blood mononuclear cells (PBMCs) of the SFS individuals
identified also six SNPs significantly associated with VEGF mRNA 15, levels, while SNPs
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annotation and a biological pathway analysis software produced a putative gene network that
describes the functional relationships between VEGF gene and the identified SNPs 2.

Given the important proportion of explained VEGF heritability by the above identified SNPs,
in my post-doctoral project we have selected these polymorphisms for the in-depth
investigation of possible molecular links between VEGF and other CVD endophenotypes in
order to examine physiological pathways that jointly regulate CVD development. | was the
principal researcher of these projects.

In the first study, we have assessed the direct effects, gene x gene and gene x environment
interactions of the 4 GWAS-identified SNPs on blood lipid levels (apolipoprotein E (apoE),
triglycerides, total cholesterol, low- and high-density lipoprotein cholesterol levels (LDL and
HDL)]. The study was performed on a discovery population (n=1006) from SFS and a
replication population (n=1145) of European origin that makes part of the BRC IGE-PCV
(BB-0033-00051). Meta-analysis of the 2 populations was performed using a weighted
inverse normal method with a fixed effect using the “META” R package. We have
demonstrated that the SNP rs6921438 was associated with HDL (beta = —0.08, Poverall = 1.2
x 1077) and LDL (beta = 0.13, Poverall = 1.5 x 10™%). We also identified a significant
association between the interaction rs4416670xhypertension and apoE levels (Poverall = 1.7
x 107°). The SNP rs6921438 has been previously associated negatively with levels of VEGF
and is the variation that explains 41% of VEGF levels **. Therefore, we proposed that the
1s6921438 could negatively affect the cardiovascular system through a decrease in HDL-C
levels, an increase in LDL-C levels and a decrease in VEGF levels. These results were
presented in one original publication >® (original publication 28).

In a second study, we have assessed the associations between levels of VEGF and cellular
adhesion molecules (CAMs) and inflammation markers, between their expression levels in
PBMCs and possible genetic links (direct effects and gene x gene interactions) between the 4
VEGF-related SNPs and CAM and inflammation molecules levels in a discovery population
of 403 unrelated individuals from SFS. The assessed CAM and inflammation molecules
included interleukin 6 (IL6), tumor necrosis factor o (TNF-a), E-selectin, L-selectin, P-
selectin, c-reactive protein (CRP) and intercellular adhesion molecule-1 (ICAM-1). Four
MRNA isoforms of VEGF gene were quantified (VEGF-121, -145, -165 and -189) and tested
for associations with mRNA levels of IL6, TNF-a, L-selectin, P-selectin and ICAM-1. VEGF
levels were associated with ICAM-1 (beta = 0.043, P = 0.023) and with E-selectin (beta =
0.085, P = 0.039). The mRNA levels of VEGF-145 isoform were associated with ICAM-1
MRNA (beta = 0.353, P = 0.021), L-selectin mRNA (beta = 0.611, P = 0.001) and TNF-a
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mMRNA (beta = 0.616, P = 0.001). Furthermore, significant epistatic interactions were
identified for plasma VEGF, E-selectin, TNF-a, ICAM-1 and IL6 levels, while the SNP
rs4416670 was associated with mRNA levels of L-selectin (beta = 0.196, P = 0.039). These
results supported the hypothesis of complex and multilevel relationships between VEGF and
CAM and inflammation molecules that are present even in healthy states. This work was
presented in one original publication ** (original publication 29).

My contribution in these studies involved the studies design, the statistical analysis, the
interpretation of the results and the drafting of the original research papers. These two studies
were part of the doctoral thesis of Mohsen Azimi-Nezhad, which I co-supervised with Dr
Siest (doctoral student 6) and of Marc Rancier (doctoral student 4) and Abdelsalam Saleh
(doctoral student 5).

In a third study, the associations of the rs6921438 and rs10738760 VEGF-related SNPs with
the risk of type 2 diabetes, nephropathy and retinopathy were assessed. Two case-control
populations for type 2 diabetes were used and one case-control population for nephropathy
and one for retinopathy were also assessed. No significant associations were identified thus
indicating that the links between diabetes and its comorbidities with VEGF are mediated
through other mechanisms. This work is presented in one original publication > (original
publication 26).

Two more doctoral theses co-supervised by me and Dr Siest were initiated during my post-
doctoral period on VEGF projects (doctoral students 4 and 5). Their results will be developed
in the next section (Research Engineer Inserm).

These results and the developed strategies were at the origins of the “Vascular endothelial
growth factor’s European Genomic Federation (VEGF)” project that was submitted in 2014
under the HORIZON 2020 PHC-05-2014 «Health promotion and disease prevention:
translating “omics” into stratified approaches» call. The project was coordinated by Dr Siest
and | was the project manager. The VEGF Project included 12 participants coming from 6
European Universities and one from the USA. This project aimed to develop and assess
VEGF-based personalised prevention programs for CVD integrating “-omics” profiles of
individuals, complemented by environmental and lifestyle factors. The project was selected

for a second phase evaluation but did not finally receive a funding.
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Project 2: Assessment of gene x gene and gene x environment interactions for the

regulation of blood pressure

It is well-accepted that hypertension is a major risk factor for CVD with a significant
worldwide burden *°. Although large studies have tried to identify the most significant genetic
components of blood pressure, only a very small variance of the relative traits is explained *'.
The IGE-PCV; U1122 unit has set a strategy for the assessment of blood pressure genetic
variants using a combination of candidate genes and GWASs methodologies, also taking into
account gene x gene and gene x environment interactions with the application of functional
approaches through transcriptomic analyses.

In one study, we have assessed the epistatic interactions between several candidate genes for
blood pressure in a discovery population of 3600 individuals not treated with hypertensive
therapies and a replication cohort of 4620 subjects. We have identified that the interaction
between rs5355 of SELE gene and rs6046 of F7 gene were significantly associated with
systolic blood pressure levels in both populations (P= 0.047 and P= 0.03 respectively). An
investigation of the underlying mechanisms for these associations was performed through
transcriptomic analyses in PBMCs of 90 individuals. The rs6046A allele was associated with
increased NAMPT gene mRNA levels (P<9.2x107°). NAMPT gene mRNA levels were also
positively correlated with ICAM-1, SELL, FPR1, DEFA1-3 and LL-37 genes expression
(P<5x10"%), while DEFA1-3 and LL-37 gene expression levels were associated with systolic
blood pressure (P=3x10"° and P=0.01 respectively. These results suggest an indirect link
between NAMPT gene expression and blood pressure through the expression of adhesion and
innate immune system molecules, where the identified epistasis plays a role. The findings are
presented in one publication *® (original publication 32).

In a second study, we assessed the epistatic interactions between 100 SNPs 65 candidate
genes for blood pressure in a discovery population of 1912 French unrelated adults and an
independent replication population of 1755 unrelated European adults. Nine SNPs in 8 genes
were significantly associated with blood pressure: LPL and LDLR (lipid metabolism), F7
(coagulation factor), AGT1R (BP regulation), CSF2, IL1B, TGFB1 and VDR (inflammatory
pathways) genes. Two significant epistatic interactions were identified for both systolic and
diastolic blood pressure in the discovery set: VCAM1 (rs1041163) x APOB (rs1367117) and
SCGB1AL1 (rs3741240) x LPL (rs1800590) (P<0.04 and P<0.03 respectively), while only the
effects on diastolic blood pressure were significant in the replication population (P=0.045 and

P=0.05 respectively). This study provided novel original results based on epistasis between
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known candidate genes for blood pressure regulation. These results were presented in one

publication *°

(original publication 27) and in the 7th Santorini Conference Biologie
Prospective as a poster presentation (conference 11).
My participation for these projects was on the design of the study, statistical analysis and the

interpretation of the results as well as the critical correction of the manuscript.

Project 3: A genome-wide association study for the genetic determinants of circulating

haptoglobin levels

Haptoglobin is an acute phase inflammatory molecule, whose physiological role is the
scavenging of circulation haemoglobin and its degradation in the liver, and it serves as a
reverse transporter of cholesterol to the liver. Its levels as well as its polymorphisms have
been associated with CVD, other non-communicable diseases and infectious diseases.

In a GWAS study we assessed the genetic variants influencing the levels of haptoglobin in
unrelated children. A discovery population of 631 French children from the SFS and 3
replication cohorts (total n=4391) were used. The polymorphism rs2000999 on HP gene was
strongly associated with haptoglobin levels in the meta-analysis (P= 8.09x10 >°). This SNP
was significantly associated also with total cholesterol (3=—0.011, P=0.002) and LDL levels
(B=—0.017, P=0.0008) in 5 independent children cohorts (total n=8789), thus linking
haptoglobin levels with CVD risk. These results were published as an original article
(original publication 31) and in the 6th Santorini Conference Biologie Prospective as a poster
presentation (conference 21). My participation in this project was focused on data
interpretation and review of the manuscript and it was an excellent occasion for further

training in the GWAS methodology and analysis.

Project 4: Telomere length genetic determinants in adults and children

Telomeres are structures made of tandem repeats of hexanucleotide units with numerous
telomeric-interacting proteins that are present at the ends of chromosome. They are
responsible for the protection of genomic integrity. The loss of several base pairs from
telomeres during each mitotic division leads to telomere shortening which, after a critical
limit, results to telomere dysfunction that triggers cell cycle arrest, apoptosis and/or cellular

senescence ° %, The telomere length has been linked with a variety of human diseases,
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ranging from rare monogenic disorders to age-related complex diseases such as cancer, CVD
and CVD risk factors such as obesity, hypertension and diabetes ®* ®. An important number
of studies have identified genetic variants associated with leukocyte telomere length (LTL) ®>
™ These studies are focused on adult populations, even though childhood is an extremely
crucial period for the determination of LTL and the assessment of age-specific genetic
determinants could be of great importance.

| have designed and analysed the data analysis in a study focused on genetic determinants of
LTL in children. The effect of 19 previously identified polymorphisms of LTL in adults in
GWAS studies was assessed in a sample of 322 unrelated normal weight children from the
SFS. None of these variants were significant in our paediatric population, thus a discovery
only GWAS approach was used and 6 novel variants, specific for children, reached the levels
of suggestive association (P < 5 x107°). This study pointed out the importance of studying the
genetic background of LTL in children and the preliminary results were presented in one

publication "2

(original publication 22) and in 2 international conferences as poster
presentations (conferences 13 and 10). This work was included in the master thesis of
Alexandros Petrelis, which | co-supervised (master student 1).

Furthermore, apart from the observed relationships with CVD endophenotypes (e.g.
inflammation markers, glucose metabolism, oxidative stress) telomere length has been
identified as an independent predictor of heart disease related events " and thus suggesting its
possible use as new biomarker for CVD ®*. It is accepted that telomere length reflects the
accumulative burden of inflammation "*. Since 2013, | have participated in the “ANR
Programme de Recherche Translationnelle en Santé”, entitled “TELARTA (Telomeres and
Arterial Aging)”, where the IGE-PCV; U1122 unit was responsible for the task 5:
“Characterization of inflammation markers in blood samples” for the assessment of plasma
inflammation markers’ relationships with telomere length of muscular cells, white blood cells
and endothelial progenitor cells from CVD patients and healthy subjects. Among the
inflammation markers, CRP, TNF-a and IL6 are those most significantly associated with
telomere length . However, a wider range of pro- and anti-inflammatory markers have been
quantified including VEGF, interleukins 1b, 2, 4, 8, 10 and 12, interferon-y (IFN- y),
monocyte chemotactic protein-1 (MCP-1), ICAM-1 and vascular adhesion molecule-1
(VCAM-1). My participation included the selection of inflammation molecules and the
interpretation of the results, which are ongoing. The assessment of these relationships will
increase our knowledge on inflammation and VEGF role in telomere dynamics, as the

selected tissues reflect them.
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Project 5: Pharmagenomic projects of clopidogrel

Another subject that gathers great attention in the application of genomics in diseases is the
field of pharmacogenomics, which studies the effect of genetic variations to drug response .
This field, more than any other, is aiming to personalised medicine. Concerning
cardiovascular medications, warfarin and clopidogrel " as well as statins "® are the most
commonly studied medications for possible gene x drugs interactions. The obtained results of
pharmacogenomics in CVD have led to clinical considerations. For example, the Food and
Drug Administration (FDA) officially suggests that genotypes for CYP2C9 and VKORC1 and
for CYP2C19 genes should be taken into account when prescribing warfarin and clopidogrel
respectively "°. Although the progress is slow, the application of genomics to clinical
medicine is encouraging '°. Furthermore, the implementation of “-omics™ technologies is
expected to provide further important information concerning the activity of implicated
mechanisms and pathways and the responses to the environment "* %,

| have realised a pharmacological study dealing with the effect of clopidogrel on blood
pressure levels, its interaction with calcium-channel blockers (CCB) and the effect of
CYP2C19 gene polymorphisms on these interactions in a population of myocardial infarction
patients coming from Coimbra University hospital in Portugal (n=2322). Clopidogrel use was
shown to be significantly associated with a lower diastolic blood pressure (beta =—1.47, P =
0.034). Following stratification of the population based on CCB use, the association of
clopidogrel use with low diastolic blood pressure was observed only in the CCB users group.
Thus we have demonstrated that clopidogrel seems to improve the diastolic blood pressure
lowering effect of CCB. In a population of healthy unrelated individuals from SFS (n=2155),
we have assessed the association of the rs4244285 polymorphism of CYP2C19 on blood
pressure and significant associations were observed for both systolic and diastolic blood
pressure (beta: — 1.69, P = 0.008 and beta: — 1.28, P = 0.003 respectively). This loss-of
function polymorphism of CYP2C19 gene could be implicated in aldosterone regulation and
thus in blood pressure levels and could be mediating the relation between clopidogrel and
blood pressure. This work was presented in one original publication ® (original publication
25), in 2 international conferences as oral presentations (conferences 18 and 20) and in one
international conference as poster presentation (conference 19).

In another study, we have assessed whether interactions between CYP2C19 polymorphisms
(loss-of-function (CYP2C19*2) and gain-of-function (CYP2C19*17)) and smoking are

associated with the levels of platelet activation and CRP level in a post-PCI (percutaneous
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coronary intervention) population from the Centre Hospitalier Universitaire Timone in
Marseille, after one month treatment with aspirin and either clopidogrel or prasugrel
(n=1128). We have identified significant interactions between CYP2C19*2 polymorphism
and CRP levels (P=0.005) and between metabolising status and smoking for CRP in the way
that among smokers the highest CRP levels were observed in poor metabolisers. We have thus
demonstrated that the interaction between smoking and CYP2C19 poor metabolising status is
associated with higher CRP levels in post-PCI patients using thienopyridines. This work was
presented in one original publication ® (original publication 21) and in two international
conferences as poster presentation (conferences 9 and 14). In this study | have participated in

data analysis and interpretation and reviewing of the manuscript.

Other projects

During the post-doctoral period | have participated also in other projects linked with the
thematic of the IGE-PCV; U1122 unit.

In one nutritional study, we have assessed the associations of alcohol consumption and
alcoholic-beverage preferences with dietary patterns in a sample of SFS (n=423 unrelated
middle-aged males). We demonstrated a negative association between increased alcohol
intakes and consumption of milk, yogurt and fresh/uncured cheese, sugar and confectionery,
pastries and cookies, vegetables and fruit (P=0.002), and a positive relationship with cheese,
meat and organs, pork-butcher's meat, and potatoes (P=0.011). Thus, we have verified that the
associations of poorer dietary practice with alcohol consumption found in different
populations around the world were observed also in a French male population. This work was
published in one original publication ® (original publication 33).

My working experience in the research field of genetic epidemiology of CVD in the IGE-
PCV; U1122 unit has resulted also in the drafting of several scientific reviews focused on this
field. One review was focused on the challenges of GWAS in CVD # (scientific review 9). A
85

second review was related to an update on genetics of adverse cardiovascular events

(scientific review 6).
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Participation in research contracts

As a post-doctoral research in the IGE-PCV; U1122 unit, | have participated in numerous
research contracts of the unit:

1. “Les Interactions Géne-Environnement dans 1’era des analyses pangénomiques (genome-
wide scan, GWS)”. The project was a fellowship for my post-doctoral research funded by the
Lorraine Region. My work in the previously detailed projects was included in this contract
(2012-2013).

2. “Biolntelligence” project. This was a national French project coordinated by Dassault-
Systémes, with a great number of research and industrial partners: EPI Orpailleur, Sobios,
Aureus pharma, Ipsen, Pierre Fabre, Sanofi-Aventis, Servier, Bayer CropScience, INSERM,
Genopole Evry. It aimed to the design, development and implementation of clinically useful
softwares for life science field and for multifactorial diseases. The research projects of VEGF
and gene x gene and gene x environment interactions were used in this project to facilitate the
development of metabolic pathways software. Apart from my participation in the research
work, | also participated and represented the unit in the frequent meetings of the project group
and drafted the annual reports of the team (2010-2014).

3. “Gene-Environment Interactions in Cardio-Vascular Physiopathology” project which was
funded by the infrastructure BIOBANQUES Inserm under the call « Thematic networks for
biobanks ». This project aimed at the development of an informatics platform named
“Omics_BioBook” that would be able to manage, store and transfer with safety “-omics” data
coming from the BRC IGE-PCV through the collaborating network of the unit IGE-PCV;
U1122. | was among the principal researchers participating in this project and | have
contributed in the development of this platform with the collaboration of the infrastructure
BIOBANQUES and the Inserm Grand Est (2013-2015).

4. ““Omics” data of SFS” project. This project was based on contract between the unit IGE-
PCV; U1122 and the Wellcome Trust Sanger Institute in UK that included the generation of
GWAS data, epigenome-wide data (whole genome DNA methylation assay) and RNA
sequencing data for a selected familial sample of SFS. | was involved in this project in the
selection of the individuals, in transfer of biological material and data and in data analysis and
interpretation (2013-2014). The results of this collaboration will be developed in the next
section (Research Engineer Inserm).

5. “TELARTA (Telomeres and Arterial Aging)” project. As mentioned before, this was an
“ANR Programme de Recherche Translationnelle en Santé”, where the unit IGE-PCV; U1122

54



was responsible for a work package. My participation was detailed above in the project

“Telomere length genetic determinants in adults and children” (2014-2017).

Supervision of students and participation in evaluation committees

| have co-supervised the thesis of Mohsen Azimi Nezhad: « VEGF-A et phénotypes

intermédiaires des maladies cardiovasculaires : une approche de génomique fonctionnelle »

(doctoral student 6), whose results were detailed above in the Project 1 : Study of VEGF and

its involvement in CVD. The thesis defense was on Septembre 2012.

The aim of this thesis was the investigation of the genetic determinants of VEGF levels along

with the pre-analytical and analytical variation factors. The identified polymorphisms that

determine VEGF levels were tested against metabolic syndrome, blood lipids, adhesion and
inflammation molecules, while associations with VEGF gene expression isoforms were also
assessed.

The publications related to this thesis are:

1. Debette S*, Visvikis-Siest S*, Chen MH, Ndiaye NC, Song C, DeStefano AL, Safa R,
Azimi-Nezhad M, Sawyer D, Marteau JB, Xanthakis V, Siest G, Sullivan L, Pfister M,
Smith H, Choi SH, Lamont J, Lind L, Yang Q, Fitzgerald P, Ingelsson E, Vasan RS**,
Seshadri S**. Identification of cis and trans acting genetic variants explaining up to half
the variation in circulating VEGF levels. Circ Res. 2011; 109(5): 554-63. * equal first
authors, ** equal last authors.

2. Azimi-Nezhad M, Lambert D, Ottone C, Perrin C, Chapel C, Gaillard G, Pfister M,
Masson C, Tabone E, Betsou F, Meyronet D, Ungeheuer MN, Visvikis-Siest S. Influence
of pre-analytical variables on VEGF gene expression and circulating protein
concentrations. Biopreservation and Biobanking 2012; 10(5):454-61.

3. Azimi-Nezhad M, Herbeth B, Siest G, Dade S, Ndiaye NC, Esmaily H, Hosseini
SGhayour-Mobarhan M, Visvikis-Siest S. High Prevalence of Metabolic Syndrome in
Iran in Comparison with France: What Are the Components That Explain This ? Metab

Syndr Relat Disord. 2012. Jan 27; 10(3): 181-8

4. Stathopoulou MG*, Bonnefond A*, Ndiaye NC*, Azimi-Nezhad M, El Shamieh S, Saleh
A, Rancier M, Siest G, Lamont J, Fitzgerald P, Visvikis-Siest S. A common variant
highly associated with plasma VEGFA levels also contributes to the variation of
both LDL-C and HDL-C. J Lipid Res. 2013; 54(2): 535-41. *equal first authors
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5. Azimi-Nezhad M*, Stathopoulou MG*, Bonnefond A, Rancier M, Saleh A, Lamont J,
Fitzgerald P, Ndiaye NC, Visvikis-Siest S. Associations of vascular endothelial growth
factor (VEGF) with adhesion and inflammation molecules in a healthy population.
Cytokine. 2013. 61: 602-607. *equal first authors

6. Ndiaye NC*, Azimi Nehzad M*, EI Shamieh S*, Stathopoulou MG*, Visvikis-Siest S*.
Cardiovascular diseases and genome-wide association studies. Clin Chim Acta. 2011.
412(19-20): 1697-701. *equal contribution

In the same period, | co-directed the thesis of Marc Rancier : « Intérét de la génomique du
VEGF en endocrinologie clinique » and Abdelsalam Saleh : « VEGF: Un biomarqueur
potentiel dans la physiopathologie cardiovasculaire » which were presented on March 2015
(doctoral students 4 and 5). Their results and my implication will be detailed in the next
section (Research Engineer Inserm).
The aim of the thesis of Marc Rancier was to identify the VEGF related polymorphisms and
the VEGF expression isoforms that could be useful for personalised medicine. Thus, we have
studied the effect of the identified VEGF determinants on diseases intermediate phenotypes
such as adhesion, and inflammation molecules, metabolic syndrome and lipid, while studies in
auto-immune thyroid diseases were performed aiming to investigate links with thyroid
hormones and thyroiditis.

The publications related to this thesis are:

1. Stathopoulou MG*, Bonnefond A*, Ndiaye NC*, Azimi-Nezhad M, EI Shamieh S, Saleh
A, Rancier M, Siest G, Lamont J, Fitzgerald P, Visvikis-Siest S. A common variant
highly associated with plasma VEGFA levels also contributes to the variation of
both LDL-C and HDL-C. J Lipid Res. 2013; 54(2): 535-41. *equal first authors

2. Azimi-Nezhad M*, Stathopoulou MG*, Bonnefond A, Rancier M, Saleh A, Lamont J,
Fitzgerald P, Ndiaye NC, Visvikis-Siest S. Associations of vascular endothelial growth
factor (VEGF) with adhesion and inflammation molecules in a healthy population.
Cytokine. 2013. 61: 602-607. *equal first authors

3. Zaaber I*, Rancier M*, Stathopoulou MG, Saleh A, Marmouch H, Masson C, Murray H,
Kurth MJ, Lamont J, Fitzgerald P, Mahjoub S, Said K, Bel Hadj Jrad Tensaout B, Mestiri
S, Visvikis-Siest S. Plasma VEGF- related polymorphisms are implied in autoimmune
thyroid diseases. Autoimmunity 2016 Jun;49(4):229-35. * equal first authors

4. Rancier M*, Zaaber I*, Stathopoulou MG, Chatelin J, Saleh A, Marmouch H, EI Shamieh
S, Masson C, Murray H, Lamont J, Fitzgerald P, Mahjoub S, Said K, Tensaout BB,
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Mestiri S, Visvikis-Siest S. Pro- and anti-angiogenic VEGF mRNAs in autoimmune

thyroid diseases. Autoimmunity. 2016 Aug 5:1-7. * equal first authors

The aim of the thesis of Abdelsalam Saleh was to investigate the associations between the

VEGF related variants and its expression isoforms with its plasma levels and with cell

adhesion molecules, inflammatory molecules, plasma lipids, candidate genes (NOS3, CD14,

MMP3 and IL-4) and with cardiovascular risk factors (obesity and blood pressure) in healthy

individuals.

The publications related to this thesis are:

1. Stathopoulou MG*, Bonnefond A*, Ndiaye NC*, Azimi-Nezhad M, EI Shamieh S, Saleh
A, Rancier M, Siest G, Lamont J, Fitzgerald P, Visvikis-Siest S. A common variant
highly associated with plasma VEGFA levels also contributes to the variation of
both LDL-C and HDL-C. J Lipid Res. 2013; 54(2): 535-41. *equal first authors

2. Azimi-Nezhad M*, Stathopoulou MG*, Bonnefond A, Rancier M, Saleh A, Lamont J,
Fitzgerald P, Ndiaye NC, Visvikis-Siest S. Associations of vascular endothelial growth
factor (VEGF) with adhesion and inflammation molecules in a healthy population.
Cytokine. 2013. 61: 602-607. *equal first authors

3. Saleh A*, Stathopoulou MG*, Dadé S, Ndiaye NC, Azimi-Nezhad M, Murray H, Masson
C, Lamont J, Fitzgerald P, Visvikis-Siest S. Angiogenesis related genes NOS3, CD14,
MMP3 and IL4R are associated to VEGF gene expression and circulating levels in
healthy adults. BMC Med Genet. 2015;16:90. * equal first authors

Also, | co-supervised the master Il thesis of Alexandros Petrelis : « Investigations
biostatistiques/bioinformatiques des interactions gene x gene impliquées dans le risque
cardiovasculaire - la longueur des téloméres leucocytaires chez les enfants » (master student
1). The defense was on September 2014 and | have participated in the evaluation committee.
The aim of this report was to assess the epistatic interactions that are implicated in the
determination of telomere length of children through GWAS and candidate gene approaches.
One publication was produced by this work:
1. Stathopoulou MG, Petrelis, AM, Buxton JL, Froguel P, Blakemore AIF, Visvikis-Siest S.
Genetic Determinants of Leucocyte Telomere Length in Children: a Neglected and
Challenging Field. Paediatr Perinat Epidemiol 2015;29(2):146-150
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Organisation of conferences

| have participated in the organisation of the following conferences as members of the
organising committee:

e 7th Santorini Conference Biologie Prospective, Santorini, Greece, 2014.

e Second ESPT Conference Pharmacogenomics: From Cell to Clinic, Lisbon, Portugal,

2013.

e 6th Santorini Conference Biologie Prospective, Santorini, Greece, 2012.
My tasks included the communication of the conferences, the organisation of poster sessions,
on site organisation and the drafting of the post-conference scientific manuscripts. In the 7th
Santorini Conference Biologie Prospective, | was also member of the Poster Committee that

was responsible for the evaluation of posters and selection of award winners.
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Research Engineer Inserm, IR2 (2015 - today)
Université de Lorraine, Inserm, IGE-PCV; U1122

Project 1 : The study on VEGF

Following up the projects that were done during the post-doctoral period on VEGF, we aimed
to continue our studies on the links between VEGF and CVD intermediate phenotypes, but
also to further assess the role of VEGF on disease risk and its usefulness as a biomarker for
personalised medicine.

In one study, we have assessed possible genetic connections between different angiogenesis-
related genes, including NOS3, CD14, MMP3, IL4R and 1L4 with VEGF gene expression and
plasma levels. The study was performed in 403 unrelated adults of SFS, where the variants
rs2569190, rs2243250, rs2010963, rs3918226, rs1799983, rs1800779, rs3025058, rs1805015
and rs1801275 of the NOS3, CD14, MMP3, IL4R, and IL4 genes were selected to be
genotyped on the basis of their functionality on the related genes. Furthermore, the 4 VEGF-
related SNPs were also assessed (rs6921438, rs10738760, rs6993770, rs4416670). Four
mRNA isoforms of VEGF gene (VEGF-121, VEGF-145, VEGF-165, VEGF-189) were
quantified in PBMCs of 65 individuals. We found that the SNP rs1799983 of NOS3 gene was
associated with VEGF-145 mRNA levels (3=0.17, P=0.033). Five variants in NOS3, CD14,
IL4R, MMP3 genes and one VEGF-related SNP were associated with VEGF plasma levels
through epistatic interactions (P<0.05). Furthermore,; significant gene x environment
interactions were identified for the rs1800779 SNP of NOS3 with levels of HDL, triglycerides
and with obesity for VEGF plasma levels (P<0.05). This study demonstrated interactions
between SNPs of angiogenesis-related genes with VEGF plasma levels and gene expression,
especially for NOS3 gene, thus supporting the hypothesis that VEGF plays a central role in
linking different angiogenetic mechanisms related to chronic diseases. These results were
presented in one original publication ® (original publication 19) and as a poster presentation
in the 7th Santorini Conference Biologie Prospective (conference 12). This was the work of
Abdelsalam Saleh thesis (doctoral student 5), which | co-supervised. For this project, I
performed the study design, the analysis and interpretation of data and the drafting of the
manuscript.

In the next step, we worked on a project that aimed to assess the links between VEGF and
auto-immune thyroid diseases (AITD). A case control study was performed with 389 patients
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with AITD (297 with Hashimoto thyroiditis (HT) and 92 with Graves’ disease (GD)) and 364
healthy controls recruited at the University Hospital Fattouma Bourguiba, Monastir, Tunisia.
The 4 VEGF-related SNPs were genotyped (rs6921438, rs10738760, rs6993770, rs4416670),
and five VEGF mRNA expression isoforms were quantified in 71 patients and 86 controls
(VEGF-121, VEGF-165, VEGF-145, VEGF-189 and VEGF165b) after 6 months of
treatment. VEGF plasma levels were measured in 110 patients after 6 months of treatment.
We demonstrated that the rs10738760 was significantly associated with an increased risk of
GD compared with HT (B=0.54, P=0.003) and controls (B=0.46, p=0.006). A significant
association between rs6921438 and risk of GD compared with controls was also observed
(B=0.324, P=0.05). The rs4416670 polymorphism was associated with an increased risk of
hyperthyroidism in 6 months treated patients (p=1.82, P=0.049), independently of their
initial diagnosis, while a significant positive association between the rs10738760 and plasma
levels of FT3 (B=0.716, P=0.024) after 6 months treatment was observed. No significant
differences were found between the groups for plasma VEGF levels. After 6 months of
treatment VEGF-165 mRNA levels were higher in GD (P =0.040), while the VEGF-189 was
lower in GD (P=107), in HT (P=10") and in all individuals with AITD compared to
controls (P=10"2). However, VEGF-165b was higher in HT compared to GD (p=0.017).
VEGF-165b was more increased in individuals with hypothyroidism compared to euthyroid
subjects (p=0.043) after treatment. This study demonstrated for the first time associations
between specific VEGF isoforms and different AITD after treatment and a common genetic
link between VEGF and AITD is supported. These results were presented in 2 original

publications &'

(original publications 13 and 18). This was the work of Marc Rancier thesis
(doctoral student 4) and of Jerome Chatelin thesis (doctoral student 2), which I co-supervise.
For this project, | performed the study design, the analysis and interpretation of data and the
reviewing of the manuscript.

The next study on VEGF was focused on a new GWAS study aiming to identify novel
polymorphisms that explain more of the individual variability of VEGF levels. A greater
sample was used in this effort with 6 discovery cohorts (n= 13312) and in silico and de novo
replication in n=2800 individuals. Six novel variants were identified that together with the 4
previously found (figure 5) explain 52% of the variability of VEGF levels. The novels
variants are linked with known and novel pathways associated with VEGF actions. This is the

biggest GWAS study on VEGF levels today. These results are presented in one original

publication ® (original publications 17) and in one conference as a poster presentation
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(conference 15). In this work | have performed the design of the replication, the analysis of
SFS data, the interpretation of the results and the reviewing of the manuscript.

In the following study, we aimed to assess the genetic effect of the 4 VEGF-related
polymorphisms (rs6921438, rs10738760, rs6993770, rs4416670) on the risk of depression. A
case-control population of 437 patients diagnosed with depressive disorders and 477 healthy
controls was recruited in the Mental Health Centre of Extremadura University Hospital,
Badajoz, Spain. We have identified a direct effect of rs4416670 on depression risk (OR: 1.60,
P=0.010). This study demonstrated genetic links between VEGF and depression for the first
time. As we have previously associated the rs4416670 with gene expression of L-selectin >*,
we hypothesised that this SNP association with depression could be mediated by VEGF and
L-selectin. These results are presented in an original publication * (original publication 11).
This work was part of the thesis of Ting Xie (doctoral student 3), which | co-supervised. For
this work, | have performed the study design, the interpretation of the results and the drafting
of the manuscript.

In a collaborative study, we have assessed the effect of the 4 VEGF-related polymorphisms on
the risk of metabolic syndrome in an Iranian population (n=336) (rs6921438, rs10738760,
rs6993770, rs4416670). We have demonstrated that rs6993770 was associated with an
increased risk for metabolic syndrome (P = 0.007). This work was published in one original

publication ™

(original publication 2), and my work was focused on study design, data
interpretation and reviewing of the manuscript. Studies on the VEGF-related SNPs in French
populations have been performed and replications are ongoing, where |1 am implicated in the
study design, the data analysis and interpretation. The first results indicate an association of
the rs10738760 with decreased risk for metabolic syndrome (OR=0.47, P=0.010). These
results have not been published yet and represent a part of the work of the theses of Mohsen
Azimi-Nezhad, Abdelsalam Saleh, Marc Rancier and Jerome Chatelin (doctoral students 2, 4,
5 and 6), which I co-supervised. Furthermore, this subject was the focus of a scientific review,

where we have participated in the reviewing of the manuscript *(scientific review 4).
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AGES  0.08(0.020.13) —® AGES 0.08 (0.04,0.13) w
Cilento  0.22(0.15,0.29) . Cilento 0.07 (0,0.13) .
FHS 0.28 (0.25,0.31) [ ] FHS 0.08 (0.05,0.1) [ ]
OGP 0.3(0.19,0.42) . OGP 0.12 (0.01,0.23) .
PIVUS  0.24(0.16,0.31) - PIVUS 0.08 (0,0.16) .
VB 0.34 (0.19,0.49) . VB 0.16 (0.02,0.3) .
Gioi 0.24 (0.14,0.33) . Gioi 0.05 (-0.05,0.14) .
Sorbs 0.25(0.02,0.47) . Sorbs 0.21 (0.03,0.4)
HT 0.1 (0.03,0.17) . HT 0.1 (0.04,0.17) .
SFS 0.1 (0.03,0.18) . SFS 0.08 (0,0.15) .
Summary 0.21(0.19,0.23) @ Summary  0.08 (0.06,0.1) L]
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Cohort Beta (95% ClI) Cohort Beta (95% Cl)

AGES -0.05 (-0.12,0.02) . AGES 0.15(0,0.3) .

Cilento -0.1 (-0.19,-0.01) . Cilento  0.19(0.06,0.32) .

FHS -0.07 (-0.1,-0.03) [ ] FHS 0.13 (0.07,0.18) [ ]

OGP -0.13 (-0.24,-0.01) . OGP 0.1 (-0.06,0.26) .

PIVUS -0.03 (-0.11,0.06) . PIVUS  0.02(-0.17,0.21) .

VB -0.11 (-0.27,0.05) . VB 0.02 (-0.22,0.27) .

Gioi -0.12 (-0.22,-0.03) . Gioi 0.12 (-0.01,0.25) .

Sorbs -0.15 (-0.4,0.09) . Sorbs 0.02 (-0.4,0.44) .

HT -0.09 (-0.16,-0.02) . HT 0.05 (-0.06,0.15) .

SFS -0.01 (-0.09,0.08) . SFS 0.12 (-0.02,0.25) .

Summary -0.07 (-0.09,-0.05) L 3 Summary 0.11(0.08,0.15) 0
04 03 02 01 0 072 02 o4

Two more studies on VEGF “-omics” determinants are ongoing and are part of the thesis of
Vesna Gorenjak, which I co-supervise (doctoral student 1). The first study aims to assess the
epigenetic determinants of VEGF levels in 201 healthy individuals of the SFS through a

discovery only epigenome-wide association analysis (EWAS). Twenty CpG sites within 13

62



genes reached EWAS significance (P = 1.08 x 107" to P = 5.64 x 10™). Methylation detected
in promoter regions of TPX2 and HAS-1 genes could explain previously reported associations
with VEGF-A gene. In the second study, we have assessed associations between VEGF levels
and inflammation molecules (IL1a, IL1B, IL2, IL4, IL6, IL8, IL10, INF-y, TNF-a, MCP-1
and epidermal growth factor (EGF)) levels measured in PBMCs extracts. Associations with
VEGF gene expression isoforms (VEGF-121, VEGF-145, VEGF-165, VEGF-189) were also
tested. We have identified significant associations between VEGF levels and levels of I1L4
(B=0.028, P=0.013), MCP-1 (B=0.015, P<0.0001) and EGF (B=0.017, P<0.0001).
Furthermore, mMRNA isoform VEGF-165 was associated with MCP-1 and IL1a (P=0.002 and
P=0.008, respectively); and mRNA isoform VEGF-189 was associated with I1L4 and IL6
(P=0.019 and P=0.034, respectively) levels. This study provided insights of mechanisms
implicated in VEGF regulation in PBMCs. The related manuscripts have been submitted for
publication. My involvement included the conception and design of the studies, the analysis
and interpretation of the results and the reviewing of the manuscript.

This extended research on VEGF has led in the development of the Vascular endothelial
growth factor European Genomic Federation Consortium (VEGF Consortium) by Sofia Siest

as its leader and by me as a project manager (www.vegfconsortium.org) in 2015. The

consortium aims to develop a transnational collaborative network dedicated to large

integrative and multidisciplinary genomic studies of the VEGF in order to generate applicable

knowledge for medical practice. Its objectives are:

e To combine data from multiple cohorts in order to identify VEGF “-omics” profiling in
health and non-communicable diseases

e To elucidate the pivotal role of VEGF in the pathophysiology of non-communicable
diseases

e To demonstrate the patients’ stratification potential of VEGF “-omics” profiling

e To implement the research results into clinical practice and establish the role of VEGF as a
predictive, preventive, diagnostic and prognostic biomarker

e To provide information on the effect of VEGF “-omics” profiling in side effects and
response to therapy through pharmacogenomics studies

e To propose implementation strategies and European guidelines involving VEGF “-omics”
profiling for the management of non-communicable diseases

e To share methodologies, data and knowledge in the field of “-omics” management and

innovative statistics
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e To develop standardized teaching and evaluation methods practiced and validated by the

Consortium

Today, it comprises 22 participants, from 11 different countries including the USA and
Canada. It brings together an important network of academic and industrial organisations with
highly complementary skills and experiences to successfully fulfil the objectives identified.

| have drafted the manuscript that describes the development and the objectives of the

Consortium %

(original publication 7). This work was also presented in 2 international
conferences as poster presentations (conferences 5 and 7). Three of the doctoral students co-
supervised by me are involved in the development and the projects of the VEGF Consortium:
Ting Xie, Jerome Chatelin and VVesna Gorenjak (doctoral students 3, 2 and 1 respectively).

| have also drafted two proposals entitled “The VEGF Project” on behalf of the VEGF
Consortium that were submitted under the calls H2020-SC1-PM-02-2017: New concepts in
patient stratification in 2016 and H2020-SC1-BHC-25-2019: Demonstration pilots for
implementation of personalised medicine in healthcare in 2018. The first project did not
receive the funding, while the second project is under revision by the European Commission.
Within the frames of the consortium, we have designed two projects that are ongoing and
make part of the thesis of Jerome Chatelin, whose thesis | co-supervise (doctoral student 2).
One project is focused on the assessment of the role of the 4 VEGF-related SNPs (rs6921438,
rs10738760, rs6993770, rs4416670) with BMD, age of menopause and risk of osteoporosis in
a sample of 3 populations of post-menopausal women (OPG n= 52, SBCE n= 91, ARTEOS
n= 97). We have identified a significant interaction between rs6921438 x rs6993770 and
increased femoral neck BMD (b= 0.478, P= 1.52x10).

In a second study we are assessing the effect of the 10 VEGF-related SNPs with levels of
thyroid hormones and risk of hyperthyroidism and hypothyroidism in LifeLines cohort (LLS)
(n=4826), in Cilento Study (n= 2100), in CHRIS study (n= 3850) and in MICROS study (n=
873). Analysis results are currently being completed for the last two studies and a meta-
analysis will reveal the significant results.

In these 2 studies, |1 am involved in the conception and design, in the selection of population

and data preparation, in the analysis and interpretation of the results.

64



Project 2 : Effects of LSR Polymorphisms on lipidemia and Alzheimer’s disease (AD)

The disturbances of lipid homeostasis in peripheral tissues, named dyslipidemias, have been
clearly shown to be significant risk factors for atherosclerosis, the underlying cause of CVD
% The apolipoprotein E (ApoE) plays an important role in lipid homeostasis by acting as a
ligand for lipoprotein receptors. It is involved in particular in the hepatic clearance of
lipoproteins rich in triglycerides *. The APOE gene is located on chromosome 19q13.1, a
locus related to hyperlipidemia as indicated by GWAS %. The APOE gene has a well-
characterised three-allele polymorphism (g2, €3 and €4) that determines the variability of an
individual's lipid profile. The €3 allele is the most common allele and is considered the wild-
type allele. The &4 variant is linked to high levels of plasma lipids. In addition, the common
polymorphism of the APOE gene is related to type Il hyperlipidemia (type 11l HLP, OMIM
107741), a familial dyslipidemia characterised by the accumulation of TG-rich lipoprotein
residues, leading to an increased risk of atherosclerosis. *’. Carriers of the APOE €2 / 2
genotype show the highest probability of having a type 111 HLP. On the contrary, as indicated

previously % %

, we found significant associations of the APOE &2 allele with reduced levels
of triglycerides, cholesterol and LDL and increased levels of ApoE in adults ** . This
paradox is further complicated by the fact that even if the clearance of dietary lipids in type IlI
HLP patients is less effective in individuals with the APOE €2 / 2 genotype, only a few
patients €2 / 2 actually develop the disease ‘%%, indicating that environmental factors and other
genetic factors must contribute to Type 111 HLP *%.

Furthermore, in vivo studies have pointed towards potential links between dyslipidemias, age-

related cognitive decline and Alzheimer’s disease (AD) ™.

However, results from
epidemiological studies comparing lipid levels in controls and AD or dementia patients have
not been conclusive, or have even shown contradictory results ‘*. This may be due to the
complexity of dyslipidemias which result from perturbations in lipid homeostasis resulting in
hypercholesterolemia, hypertriglyceridemia, or both (mixed hyperlipidemia) with changes in
lipoprotein profiles that are not taken into account in the analyses. Studies evaluating efficacy
of cholesterol lowering treatments such as statins to treat AD have proven inconclusive,
suggesting that hypercholesterolemia is not the only risk factor involved '%. It is therefore
necessary to identify the key pathways regulating peripheral lipid homeostasis that influence
risk for cognitive decline and AD. ApoE is the strongest risk factor for the sporadic form of
AD, which represents > 95% of AD cases. The 4 variant is a strong AD risk factor *** and €2

may lower the risk of AD and age of onset '°, but the involved mechanisms remain as yet
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unclear. Studies have focused particularly on ApoE’s role in B-amyloid peptide (AP)
deposition and clearance in the brain %, but little information is available on peripheral
effects of ApoE isoforms on cognitive decline and AD. The ability of plasma ApoE to restore
synaptic function despite lack of ApoE expression in the brain was recently reported *,
suggesting a potential link between ApoE-dependent regulation of peripheral lipid
homeostasis, cognitive function and AD.

The lipolysis stimulated lipoprotein receptor (LSR) is involved in the regulation of lipid
distribution between different tissues. It recognizes ApoB and ApoE and plays an important
role in the elimination of triglycerides-rich lipoproteins during the postprandial phase % %,
LSR represents a potential link between dyslipidemia and atherosclerosis. Although the
absence of both LSR alleles is lethal at the embryonic stage, studies in the LSR +/-
heterozygous mice revealed that reduced LSR levels led to high postprandial lipemia,
moderate hypercholesterolemia, and hypertriglyceridemia. 1. LSR +/- heterozygous mice
placed on a cholesterol-rich "Western™ diet show an accumulation of atherogenic lipoproteins
such as LDL and triglycerides-rich lipoproteins, which is accompanied by an increase in lipid
deposition in the aorta '°. Hepatic LSR knockout results in both hypertriglyceridemia and
hypercholesterolemia in mice, confirming that LSR contributes significantly to the regulation
of lipid status **°. Cell culture studies (fibroblasts, hepatocytes) have demonstrated the ability
of lipid particles containing ApoE to bind to LSR, leading to their internalization and
degradation in cells ***' **2, |n addition, the binding affinity seems different according to the
APOE variants: the very low density lipoproteins (VLDL) of a patient €2 / 2 with HLP type
11 are unable to bind to the LSR **2. The low affinity of LSR for VLDL of a patient €2 / 2
could contribute to a decrease in hepatic clearance of triglycerides-rich lipoproteins, leading
to an increase in plasma triglycerides observed in this particular class of hyperlipidemia.
Moreover, dyslipidemic LSR+/- mice display age-dependent modified brain cholesterol

11
I 3

trafficking, increased levels of membrane cholesterol ~*° along with increased susceptibility to

115, 116

amyloid stress '*. LSR is important for blood brain barrier (BBB) integrity , which may

117, 118 often

explain why hypertriglyceridemia has been associated with BBB impairment
observed in AD. Taken together, these results suggest that LSR pathway may represent an
important molecular link between dyslipidemias and risk for cognitive decline and AD.

The LSR gene that encodes LSR is also located on chromosome 19q13.1 just upstream of
APOQE. Little information is currently available on the role of LSR polymorphisms in the
regulation of lipid levels. SNP rs916147 (A / G), located in a splice junction between intron 5

and exon 6, was associated with lipid levels in a small population of obese adults **°. In
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addition, this SNP is a quantitative expression locus (eQTL) for LSR and can alter the
expression of LSR in different tissues (subcutaneous and visceral adipose tissue, tibial artery,
coronary artery and skeletal muscle), thereby indicating its potential functionality
(www.gtexportal.org). The SNP rs34259399 is located on exon 6 and preliminary
unpublished data suggest that it is involved in the regulation of LSR expression and activity.
The role of these two functional SNPs on AD risk is unknown. We have thus hypothesized
that APOE variants could interact with LSR polymorphisms to modify the effect of APOE on
blood lipid regulation and AD risk.

In the first study, we have used a discovery population of healthy adults and children coming
from the SFS (n=432 unrelated adults and n=328 children (<18 years old)) and a replication
population of n = 1744 unrelated adults to test the association of the direct and epistatic
effects of LSR and APOE variants on blood lipids levels (cholesterol, triglycerides, HDL,
LDL, ApoB and ApoE). We have found significant epistatic interactions between the LSR
rs916147 and APOE &2 allele in adults for cholesterol (b=0.114, P=0.810 x 10®), ApoE
(b=0.125, P=0.625 x 10°) and LDL levels (b=0.059, P=0.120 x 10"%). These results replicated
for cholesterol and ApoE. The interaction of the LSR rs916147 with APOE €2 reversed the
direct effect of APOE €2 on cholesterol, ApoE and LDL levels. We could therefore suggest
that for APOE &2 subjects, the interaction with the rs916147 could lead to an increased risk
for APOE €2/2 subjects to develop type 111 HLP. These results were presented in one original

publication %

(original publication 6) and were presented as a poster presentations in 2
international conferences (conference 1 and 8).

In a second publication, we investigated the effects of the LSR and APOE polymorphisms on
AD risk. A case-control population of 142 patients diagnosed with AD and a control group of
63 healthy volunteers of European origin was used. We identified significant epistatic
interactions between the 2 functional LSR SNPs and APOE ¢4 allele for AD: rs34259399 x
APOE ¢4 (beta= —0.95, P=0.00002) and rs916147 x APOE &4 (beta=—0.83, P=0.0068). In
more details, all non- €4 allele carriers had increased risk of AD when combined with the with

the LSR polymorphisms. These results were published in one original publication ***

(original
publication 3).

These two studies were parts of the thesis of Ting Xie (doctoral student 3), whom | co-
supervised. My involvement included the study conception and design, data analyses and

interpretation and drafting of the manuscripts.
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Project 3: Triggering Receptors Expressed on Myeloid cells (TREM) and inflammation

Triggering Receptor Expressed on Myeloid cells-1 (TREM-1) is a member of a recently
discovered immunoglobulin family '** ', It is implicated in an increase of the inflammatory

124 and is related to the production of pro-

responses of neutrophils and monocytes
inflammatory cytokines (TNF-a and ILI1b) '35 TREM-1 apart from its role during the
pathophysiology of septic shock '*?, it is also involved in other acute and chronic

inflammatory diseases of non-infectious etiology, such as rheumatoid arthritis ',

12 128

atherosclerosis '*/, acute myocardial infarction and critical limb ischemia '*°. The

mechanisms that explain this action are not yet clearly described. Adhesion molecules like

P02 15 the one study, we have

selectins have an important role during this process
investigated the genetic links between variants within or near the TREM-1 gene and soluble
TREM-1 (sTREM-1 and TREM-1sv) serum levels and with the expression levels of two
TREM-1 splicing isoforms in PBMCs, the membrane form (mbTREM-1) and the soluble
form (TREM-1sv). Further, we have tested the associations between the significant these
SNPs and levels of soluble E-selectin, L-selectin and P-selectin, which are involved in the
early stages of atherosclerotic processes. A discovery cohort with 351 individuals from SFS
and an independent replication population of 80 subjects was used. We have included 10
SNPs in the analysis from which the rs2234246 was associated with increased STREM-1
levels in the discovery population (b = 0.3, P = 0.003), and with increased levels of mRNA of
mbTREM-1 isoform (b= 0.49, P = 0.007). The same SNP was associated with increased
soluble L-selectin levels (b = 0.05, P = 0.011). The associations of the SNP with sSTREM-1
and L-selectin levels were confirmed in the replication population (b = 0.13, P = 0.0007 and
b= 0.03, P = 0.018 respectively). In this study, we identified one polymorphism affecting
STREM-1 levels and mbTREM-1 isoform in PBMCs, which is also associated with L-selectin
levels suggesting that TREM-1 could act in the trans-epithelial migration process of
leukocytes and more specifically of monocytes through expression of L-selectin. This work
was presented in one publication '** (original publication 10) and was presented in one
international conference as a poster presentation (conference 3).

Triggering Receptor Expressed on Myeloid cells-2 (TREM-2) is expressed on the cell surface
of macrophages and dendritic cells derived from monocytes, as well as in microglia and
osteoclasts. TREM-2 plays a role in a series of tyrosine phosphorylation reactions that

125, 134

regulate various inflammatory responses . It exerts anti-inflammatory properties during

135, 136

the immune response , including stimulation of phagocytosis and suppression of
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137138 and it is thus linked with atherosclerosis. We have

cytokine production like the TNF-a
therefore assessed the effect of TREM-2 polymorphisms on TNF-a levels and intima media
thickness of the femoral artery in 809 children and adults from the SFS and in 916 unrelated
adults of an independent replication cohort. We have demonstrated significant associations
between the SNP rs6918289 with plasma levels of TNF-a in discovery and replication
populations (b=0.13, P=0.0026, and b=0.20, P=0.023, respectively), and with femoral artery
thickness in the discovery cohort (b= 0.02, P=0.026). Thus, this SNP could be a risk factor for
inflammatory diseases and atherosclerosis. These results are presented in one publication '*’
(original publication 4) and in 2 international conferences as poster presentations (conference
4 and 6). This work was part of the thesis of Vesna Gorenjak, which I co-supervise (doctoral
student 1).

For both these projects I participated in the data interpretation and the reviewing of the

manuscripts.

Project 4: Telomere length as a biomarker for personalised medicine

Continuing the research activities on TL genetics and its use as a biomarker in personalised
medicine, we have designed different projects, which make part of the thesis of Vesha
Gorenjak, which | co-supervise (doctoral student 1). A scientific review underlining the
importance of telomere length in personalised medicine has been published with my

participation in the data collection and drafting of the manuscript **°

(scientific review 2).

In a candidate gene study, we are assessing the effect of previously identified genetic
determinants of LTL and of novel candidate genes including the 10 VEGF-related SNPs with
muscle TL (MTL) in the case-control population TELARTA (ANR Programme de Recherche
Translationnelle en Santé) (n= 451). MTL is reflecting the TL at the time of birth, as muscle
cells do not undergo cell divisions. Thus, the study will identify whether the candidate genes
assessed affect the TL at birth or they are implicated in TL attrition. Statistical analysis is
ongoing.

Other projects on TL include new GWAS and EWAS efforts including novel bioinformatics
approaches in collaboration with international consortia such as the CHARGE consortium
Aging Working Group, which are under development. All these projects and the preliminary
results were presented as poster presentation in the 9th Santorini Conference in 2018

(conference 2).
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Project 5: Novel genetic determinants of inflammation molecules

Inflammation is now considered a basic biological process implicated in atherosclerosis as its
role is central to all stages of atherosclerosis. As a result, inflammation biomarkers have been
extensively studied in relation to CVD traits, especially CRP, which has also been included in
recent risk prediction algorithms ***. Inflammation represents one the basis axes of research of
the IGE-PCV; U1122 unit.

In one recent study, we have investigated the associations between IL6R polymorphisms with
CRP and lipids levels in a healthy population. We have used 368 unrelated adults from SFS as
discovery cohort and 995 adults as an independent replication population. The variants
rs4845625 and rs4537545 of IL6R were selected based on their contradictory role on IL6 and
blood lipids levels. Both polymorphisms were significantly associated with CRP levels
(rs4845625 beta =0.182, P=0.011 and for s4537545 beta =—0.189, P=0.009). The rs4845625
was associated with LDL in both populations (beta =0.052, P=0.007, and beta =0.024,
P=0.035). Haplotypes analyses confirmed these results. In silico analysis revealed that these
SNPs are linked with genes involved in the regulation of the JAK-STAT pathway cascade that

affects lipid metabolism. This work was presented in one original publication *?

(original
publication 9)

Aiming to increase the impact of our studies in the inflammation field, the unit has developed
collaboration with the CHARGE (Cohorts for Heart and Aging Research in Genomic
Epidemiology) consortium Inflammation Working Group (CIWG), which | lead as a principal
investigator for SFS.

| have participated in the data interpretation and the drafting of the manuscript (member of the
writing group) of the most recent and largest GWAS on CRP '*

study included 88 cohorts with 204402 European individuals. We have identified 58 distinct

(original publication 1). The

variants significantly associated with levels of CRP, including 16 previously identified CRP
loci. The associations are explained by 55 genes that are involved in the biology of the
immune system and liver. Mendelian randomisation analyses reported causal associations
between genetically increased CRP and a protective effect on schizophrenia and increased
risk of bipolar disorders.

Two more projects on GWAS meta-analysis for IL6 and TNF- a levels are being completed
within the CIWG. For these projects; | have performed the data preparation and analysis for

SFS and we are currently in the phase of reviewing the related manuscripts.
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My participation in these projects has led to the design of a project on childhood inflammation
within the frames of the CIWG consortium. Inflammation in childhood has been mostly
linked with adiposity, obesity and obesity-related CVD ***. In children, CRP levels have been
associated with CVD risk factors, such as adiposity, obesity, and blood pressure, even in very
young ages and these associations are most probably mediated by abdominal obesity
(measured with waist circumference) > **. Furthermore, there are indications that CRP is
independently associated with advanced atherosclerosis in youth **” and that CRP levels in
childhood predict their values in adulthood **3. Apart from CRP, TNF-o and interleukin 6
(IL6) have been associated to adiposity, visceral fat, insulin resistance and other CVD risk
factors.** The identification of genetic determinants of inflammation markers in adults and in
children could contribute significantly in the discovery of new genetic biomarkers of CVD
risk and also in the identification of new biological pathways implicated in these associations.
The published GWAS are mainly focused on CRP while TNF-a and IL6 are not well
represented °%%. Furthermore, the studies have been performed in adult populations (> 18
years old), thus excluding the investigation of children-specific genetic determinants.
Additionally, given the strong correlations between inflammation markers and adiposity, the
use of this factor as a covariate in the regression models and the study of genes x adiposity
interactions are likely to reveal genetic determinants that their effect could be masked by
these interactions and which have not been previously discovered in GWAS.

| have proposed to lead a new project focused on inflammation in childhood within the
CIWG. This project aims to identify novel childhood-specific genetic variants for CRP, TNF-
a, IL6 and other traits (such as white blood cells count) and to assess their interactions with
abdominal obesity. GWAS on discovery and replication cohorts of healthy children (<18
years old), followed by meta-analysis will be performed. The proposal has been discussed and
approved by the partners of the consortium, the analysis plan design has been circulated and

the discovery populations’ selection is ongoing.

Other projects

My participation in the project “Omics” data of SFS Project (described in the previous section
Post-doctoral researcher), in the databases development and statistical analysis of the

166-168

produced data has resulted in my inclusion in 3 original publications (original

publications 23, 24 and 20). These were large collaborative studies, where a large number of
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cohorts were analysed including SFS. The first study was a GWAS meta-analysis of 339224
individuals from 125 studies that resulted in identification of 56 novel BMI-associated loci,
implicated in pathways related to synaptic function, glutamate signalling, insulin
secretion/action, energy metabolism, lipid biology and adipogenesis ‘°°. The second study was
GWAS meta-analysis of 224459 individuals that identified 33 novel waist/hip circumference
associated variants and 19 novel SNPs associated with waist and hip circumference measures
involved in pathways of adipogenesis, angiogenesis, transcriptional regulation, and insulin
resistance. In these studies | was the analyst of the SFS study data and reviewed the related
manuscripts. The third study assessed the genome-wide burden of runs of homozygosity on
16 complex traits in 354224 subjects from 102 studies and demonstrated the existence of
directional dominance on four complex traits (stature, lung function, cognitive ability and
educational attainment). In this study my contribution was on databases preparation and
sharing.

Furthermore, | have participated as the analyst of the SFS in multiple projects of the Global
Burden of Metabolic Risk Group Factors of Chronic Disease Collaborating Group (NCD Risk
Factor Collaboration - NCD-RisC). | have performed descriptive analysis on height, weight,
BMI, blood pressure, blood lipids levels and insulin levels in SFS as indicated by the analysis
plan of each study shared within the consortium. The 6 produced publications are presenting
the trends of these traits in very large samples across the globe %174
8,12, 14, 15, 16).

Moreover, | have contributed in the data collection and drafting of 3 scientific reviews: one on

(original publications 5,

personalised medicine major achievements, one on pharmacogenomic challenges in CVD and
one on genetics beyond GWAS, based on the experience and expertise of the IGE-PCV;
U1122 Unit on the field of genetics of CVD " (scientific reviews 1, 3 and 5). Two of
them are parts of the thesis of Jerome Chatelin and Vesna Gorenjak, which | co-supervise

(doctoral students 2 and 1).

Participation in international consortia

1. VEGF Consortium: | am the project manager of the consortium and member of the Steering
Committee. | am participating in the conception and design of multiple projects (details and
analyses of publications in the Project “Study on VEGF” above). Since 2015, | have drafted
two H2020 proposals within the frames of the calls H2020-SC1-PM-02-2017: New concepts
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in patient stratification in 2016 and H2020-SC1-BHC-25-2019: Demonstration pilots for

implementation of personalised medicine in healthcare in 2018.

2. CHARGE Consortium: | am the main analyst and contact person for the IGE-PCV; U1122

unit. I have participated in 4 projects:

» Meta-GWAS CRP project, where apart from analyses, | was member of the writing
committee and | participated in the design of methodology, coordination of
communication and data centralization of> 100 cohorts participating (details on
publication of Project “Novel genetic determinants of inflammation molecules” above).

» Meta-GWAS IL6 project, where | have realised the statistical replication analyses in SFS
and other populations of the BRC IGE-PCV, and | have participated in the drafting and
reviewing of the manuscript.

» Meta-GWAS TNF-a project, where | have realised the statistical replication analyses in
SFS and other populations of the BRC IGE-PCV, and | have participated in the drafting
and reviewing of the manuscript.

> Inflammation project on childhood, which is an ongoing project where | am the leader
and principal investigator within the CHARGE consortium (details on Project “Novel

genetic determinants of inflammation molecules” above).

3. Global Burden of Metabolic Risk Group Factors of Chronic Disease Collaborating Group
(NCD Risk Factor Collaboration - NCD-RisC): | am the main analyst and contact person for
the IGE-PCV; U1122 unit. | have participated in data analysis included in 6 publications
(details on publications on Other projects above).

Participation in research contracts and contracts as Pl

Since 2015, I have participated in the following contracts of the IGE-PCV; U1122 unit:

1.“Mastic treatment for Healthy obese with NAFLD diagnosis-MAST4HEALTH”, which is
funded by the European Community within the frames of the project H2020-MSCA-RISE-
2015: Marie Sklodowska-Curie Actions Research and Innovation Staff Exchange. This
European projects is a multicenter double blind randomised clinical trial, where a Mastiha
or a placebo treatment is used in patients with non-alcoholic fatty liver diseases (NAFLD).
Mastiha is a natural product of Greece, produced in Chios island, with antioxidant/anti-
inflammatory and lipid lowering properties. The aim of the intervention is to test the
effectiveness of Mastiha supplement as a new non-pharmacologic strategy for NAFLD. The
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investigation of Mastiha effect will be performed through testing of gene-diet interactions,
correlation of genetic and epigenetic markers with metabolomic and intestinal microbiota
profiles pre- and post-intervention, while the effectiveness of the intervention will be
evaluated via clinical and laboratory markers. The consortium of this European project
consists of 13 academic and industrial partners from 7 European countries. | have drafted
the participation of the IGE-PCV; U1122 unit in the proposal document and reviewed all
related parts. The unit is leader of the work package 4: “Effects of Mastiha on inflammation
and adhesion biomarkers and on oxidative stress status indexes”. I am responsible for the
tasks of our team that includes the development of databases with IL6, IL1A, TNF-a and
VEGF gene expressions data pre and post intervention. Within the frames of this project, I
have worked as secondee for 9 months in the Chios Mastic Growers Association, in Greece,
where | worked on coordinating the randomisation of treatments for the clinical trial and the
design and development of the trial and 3 months in BIOTECH VANA, in Spain, where |
have worked on data preparation for the development of a software for integration of
metadata and “-omics” profiles for indexing, management and interpretation. | have
participated in the training of 4 secondees that have worked in the IGE-PCV; U1122 unit as
detailed in the co-supervision of students section above (2016-2020).

2. “Fight Heart Failure, FIGHT-HF”, which is funded by ANR within the frames of the
projects “Hospital-University health research” (Recherche Hospitalo-Universitaire en santé,
RHU), ANR-15RHU-0004 (2015-2020). This project aims to generate new heart failure
classifiers, and to improve patient outcomes with the use of a strategic approach that
combines knowledge based on 1) underlying mechanisms, ii) “-omics” and imaging
bioprofiling, iii) co-morbidities and iv) holistic disease management to define
mechanistically relevant and clinically actionable bioprofiles. The consortium is consisted
of 8 academic and industrial partners. The IGE-PCV; U1122 unit is responsible for the task
2.3: “TREM-1: inflammation in HF post-myocardial infarction” of work package 2 and
more specifically the study of genetic links between TREM-1 with inflammation molecules
and for the task 3.1: “-Omics biomarker prediction of transition to heart failure and
mechanistic profiling task” of work package 3 and most specifically the study of genetics of
TL as a marker of vascular aging. My participation on this contract is detailed in the project
“TREM and inflammation” and “Telomere length as a biomarker for personalised
medicine” above (2015 - 2020).

3. “TELARTA” project, which is funded by ANR within the frames of the project “ANR

Programme de Recherche Translationnelle en Santé”. Details on this contract have been
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4.

5.

given in the previous section (Post-doctoral research) but novel actions were taken as
described in the project “Telomere length as a biomarker for personalised medicine” above
(2014 - 2017).

“GEENAGE project (Functional Genomic, Epigenomic and ENvironment interplay to
IMPACT management of healthy and pathological AGEing)” funded within the frames of
the LUE project (Lorraine University of Excellence). The aim of this contract is to propose
new strategies of diagnosis and management of healthy and pathological ageing by targeting
the functional consequences of the interplay between genes, epigenome and environment.
The IGE-PCV; U112 unit is involved in the scientific research axe 3 : “Regulation of
telomere length and impact on the accelerated cardiovascular ageing and relevant co-
morbidities”, which aims to study the genetic and environmental factors that are important
in the regulation of telomeres early in life. The work on TL genetics described in the project
“Telomere length as a biomarker for personalised medicine” above is my participation in
this contract (2016 — 2026).

“ Development of a system for the management and analysis of biological samples and “-
omics” data related to VEGF” project which is funded by Pole BMS « Biologie, Médecine,
Santé » within the frames of the project AAP-BMS interne “Projets incitatifs - Crédits CS-
UL 2018”. For this project 1 am the Principal Investigator. This scientific project aims,
through a network composed by 1 biological resource center (BRC IGE-PCV), 1 Research
Unit (IGE-PCV; U1122) and 1 International Consortium (VEGF Consortium), the
development of a system for management and analysis of biological samples and associated
"-omics" data to elucidate factors that are linked with VEGF and which are involved in the
development of cardiovascular pathologies. The project is linked with “Omics BioBook”
platform, which is a biostatistical/bioinformatics platform where associated data are stored
and managed. Management software for samples and data are under development in order to
facilitate and amplify the interconnections and exchanges between network partners (2018-
2019).

Supervision of students and participation in evaluation committees

Since my nomination as a research engineer in Inserm in 2015, | have co-supervised 3

doctoral students having an official authorization (ACT) from the doctoral school BioSE.

These were:
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1. Ting Xie: « Interactions épistatiques pour le développement des algorithmes de prédiction

des maladies cardiovasculaires: De l'approche gene-candidat au sequencage de prochaine

génération ». The defense took place on December 2017 and | have participated in the

evaluation committee (doctoral student 3).

The aim of this thesis was the use of novel methods for the study of epistatic interactions and

epigenetic modifications of key molecules like the VEGF, the ApoE and the LSR on

intermediate phenotypes of CVD and the risk of chronic diseases like AD, depression and

osteoporosis.

The publications related to this thesis are:

1.

Xie T*, Akbar S*, Stathopoulou MG*, Oster T, Masson C, Yen FT, Visvikis-Siest S.
Epistatic interaction of apolipoprotein E and lipolysis-stimulated lipoprotein receptor
genetic variants is associated with Alzheimer's disease. Neurobiol Aging. 2018 May 3.
pii: S0197-4580(18)30147-7. * equal first authors

Xie T*, Stathopoulou MG*, Akbar S, Oster T, Siest G, Yen FT, Visvikis-Siest S. Effect
of LSR polymorphism on blood lipid levels and age-specific epistatic interaction with the
APOE common polymorphism. Clin Genet. 2018 Apr;93(4):846-852. * equal first
authors

Stathopoulou MG, Xie T, Ruggiero D, Chatelin J, Rancier M, Weryha G, Kurth MJ,
Aldasoro Arguinano AA, Gorenjak V, Petrelis AM, Dagher G, Dedoussis G, Deloukas P,
Lamont J, Marc J, Simmaco M, Van Schaik RHN, Innocenti F, Merlin J-L, Schneider J,
Alizadeh BZ, Ciullo M, Seshadri S, Visvikis-Siest S - The VEGF Consortium. A
transnational collaborative network dedicated to the study and applications of the
Vascular Endothelial Growth Factor—A in medical practice: The VEGF Consortium. Clin
Chem Lab Med. 2018 Mar 28;56(4):83-86.

Xie T*, Stathopoulou MG*, de Andrés F, Siest G, Murray H, Martin M, Cobaleda J,
Delgado A, Lamont J, Lled6 E P, LLerena A, Visvikis-Siest S. VEGF-related
polymorphisms identified by GWAS and risk for major depression. Transl Psychiatry.
2017 Mar 7;7(3):e1055. * equal first authors

Chatelin J*, Stathopoulou MG*, Aldasoro Arguinano AA*, Xie T*, Visvikis-Siest S*.
Pharmacogenomic challenges in cardiovascular diseases: examples of drugs and
considerations for future integration in clinical practice. Curr Pharm Biotechnol.
2017;18(3):231-241. * equal first authors
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2. Jerdme Chatelin: « Interactions gene x géne, géne X environnement et Médecine Prédictive,
Préventive, Personnalisée et Participative (4P) dans l'inflammation ». The defense will take
place at the beginning of 2019 and | will participate in the evaluation committee (doctoral
student 2).

This thesis is aiming to study the effect of genetic variants related to VEGF and its expression

isoforms with the risk factors and the risk of developing chronic diseases including CVD,

osteoporosis, and thyroid diseases in order to demonstrate their clinical utility in personalised
medicine.

The so far accepted publications related with this thesis are:

1. Stathopoulou MG, Xie T, Ruggiero D, Chatelin J, Rancier M, Weryha G, Kurth MJ,
Aldasoro Arguinano AA, Gorenjak V, Petrelis AM, Dagher G, Dedoussis G, Deloukas P,
Lamont J, Marc J, Simmaco M, Van Schaik RHN, Innocenti F, Merlin J-L, Schneider J,
Alizadeh BZ, Ciullo M, Seshadri S, Visvikis-Siest S - The VEGF Consortium. A
transnational collaborative network dedicated to the study and applications of the
Vascular Endothelial Growth Factor—A in medical practice: The VEGF Consortium. Clin
Chem Lab Med. 2018 Mar 28;56(4):83-86.

2. Chatelin J*, Stathopoulou MG*, Aldasoro Arguinano AA*, Xie T*, Visvikis-Siest S*.
Pharmacogenomic challenges in cardiovascular diseases: examples of drugs and
considerations for future integration in clinical practice. Curr Pharm Biotechnol.
2017;18(3):231-241. * equal first authors

3. Rancier M*, Zaaber I*, Stathopoulou MG, Chatelin J, Saleh A, Marmouch H, EI Shamieh
S, Masson C, Murray H, Lamont J, Fitzgerald P, Mahjoub S, Said K, Tensaout BB,
Mestiri S, Visvikis-Siest S. Pro- and anti-angiogenic VEGF mRNAs in autoimmune

thyroid diseases. Autoimmunity. 2016 Aug 5:1-7. * equal first authors

3. Vesna Gorenjak: « Outils biostatistiques /bioinformatiques pour une recherche de médecine
personnalisée : téloméres, facteur de croissance de l'endothélium vasculaire (VEGF) et
molécules associées ». The defense is planned for the end of 2019 I will participate in the
evaluation committee (doctoral student 1).

This thesis aims to study the telomere length and the VEGF as biomarkers for personalised
medicine. Modern approaches will be used like mendelian randomisation and the study of
epigenetic modifications and will be combined with classical approaches of GWAS and
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candidate genes in order to clarify the determinants of telomere length, VEGF and associated

molecules and their association with intermediate phenotypes of CVD.

The so far accepted publications related with this thesis are:

1. Gorenjak V*, Aldasoro Arguinano AA*, Dadé S, Stathopoulou MG, Vance DR, Masson
C, Visvikis-Siest S. The polymorphism rs6918289 located in the downstream region of
the TREM2 gene is associated with TNF-a levels and IMT-F. Sci Rep. 2018 May
8;8(1):7160. * equal first authors

2. Stathopoulou MG, Xie T, Ruggiero D, Chatelin J, Rancier M, Weryha G, Kurth MJ,
Aldasoro Arguinano AA, Gorenjak V, Petrelis AM, Dagher G, Dedoussis G, Deloukas P,
Lamont J, Marc J, Simmaco M, Van Schaik RHN, Innocenti F, Merlin J-L, Schneider J,
Alizadeh BZ, Ciullo M, Seshadri S, Visvikis-Siest S - The VEGF Consortium. A
transnational collaborative network dedicated to the study and applications of the
Vascular Endothelial Growth Factor—A in medical practice: The VEGF Consortium. Clin
Chem Lab Med. 2018 Mar 28;56(4):83-86.

3. Visvikis-Siest S, Gorenjak V, Stathopoulou MG. Personalised Medicine: The Odyssey
from Hope to Practice. J Pers Med. 2018 Sep 21;8(4).

4. Gorenjak V, Akbar S, Stathopoulou MG, Visvikis-Siest S. The future of telomere length
in personalized medicine. Front Biosci (Landmark Ed). 2018 Mar 1;23:1628-1654.

Furthermore, | was the professional tutor of the trainee of License Professionel of Chloé
Hatrisse : « Certification d’un Centre de Ressources Biologiques » (trainee 2).
The aim of this internship was the support of the procedures for the development and the

quality certification of the Quality Management System of the BRC IGE-PCV.

Also, during the project « Mastiha treatment for obese with NAFLD diagnosis -
MAST4HEALTH », within the framework of the HORIZON 2020 Marie Sktodowska-Curie
actions - Research and Innovation Staff Exchange (MSCA RISE), | was the responsible for
the training of 4 secondees in the fields of genetic epidemiology and related statistical
analyses: Dwaine Vance, Randox Laboratories, 6 months, Lauren Doherty, Randox
Laboratories, 3months, Eirini Chroni, Chios Mastiha Growers Association, 5 months and

Georgia Maurikou, Chios Mastiha Growers Association, 5 months (trainnees 1).
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Organisation of conferences

| have participated in the organisation of the following conferences as member of the
organising committee:

e The 9th Santorini Conference, Santorini, Greece, 2018.

e 8th Santorini Conference, Santorini, Greece, 2016.

e Third ESPT Conference: Integration of pharmacogenomics in clinical decision

support, Budapest, Hungary, 2015.

My tasks included the communication of the conferences, the organisation of poster sessions,
on site organisation and the drafting of the post-conference scientific manuscripts. In the 8th
Santorini Conference | was also member of the Poster Committee that was responsible for the
evaluation of posters and selection of award winners. | was President of this committee in the

9th Santorini Conference.

Other activities linked to research

1. BRC IGE-PCV

| am member of the Steering Committee of the BRC IGE-PCV (BB-0033-00051) located in
the IGE-PCV; U1122 unit. | am Manager and Coordinator of Collaborations and Responsible
for the transfert of data and biological material. | ensure all the processes concerning the
inputs and outputs, the transfer and the quality of the samples and stored data. | coordinate the
release and the entry of data and the development and management of the related databases. |
am also Quality advisor and | participate in the implementation of the quality approach for the
quality certification according to the standard NF S 96-900. | participate in the development
of the Quality Management System, in the meetings and the audits related to the quality
certification.

| am also member of the emergency standby personnel for the security of biological material
stored in the freezers of the BRC IGE-PCV. | have the responsibility of a mobile phone that
informs of the slightest problem with the temperature of the freezers and | must intervene on
the spot in case of need on a plan of 24h / 24h and 7 days / 7 days.
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2. Administrator of the “Omics_BioBook” platform

As mentioned before, this platform is a Biostatistical / Bioinformatics platform, developed in
collaboration with the Inserm Grand Est, the University of Lorraine and the infrastructure
BIOBANQUES. The platform is installed in the Interuniversity Center of Informatics
Resources of Lorraine - C.I.R.I.L (Centre interuniversitaire de ressources informatiques de
Lorraine). It is a platform of high-performance with high storage capacity (60 TB for storage
and 80 To in the automatic replication server) that is designed so as to meet the
methodological and technological advances of “-omics” data storage and analysis, t0 ensure
the security of the data of the BRC IGE-PCV, and to ensure the speed and performance of the
large-scale analyses of the international consortia in which the IGE-PCV; U1122 unit
participates. | have participated very actively in its development and | am the platform
administrator concerning the management of user sessions. | participate in the development of
a customized version of the software TumoroteK® which is used for the management of
biological samples in the "Omics_BioBook" platform. An interface is also being developed
with the aim of linking clinical data, biological data, “-omics” data and sample data for BRC
IGE-PCV populations. This interface will facilitate the search for populations according to
project-specific selection criteria and the creation of the databases that will be used for
statistical analysis. An SFTP server has also be installed to ensure the safe transfer of big data
between the unit and our collaborators and consortia.

Administrative activities

| am a member of the laboratory council of the unit IGE-PCV; U1122. | participate in the
annual meetings that have as aim to:

1. Give an opinion on the main scientific policy decisions of the laboratory, changes in its
structure, human resources management, research contract policy, technology transfer policy,
training program, budget and finances

2. To make reflections on the main strategic directions of the unit on the medium and long

term.
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Projet de Recherche: L’étude des déterminants « -omiques » du VEGF

dans la médecine personnalisée des maladies chroniques

Scientific Project: The study of « -omics » determinants of VEGF in the
personalised medicine of chronic diseases

Introduction

My scientific interest and my research experience on the field of VEGF as a biomarker useful
in personalised medicine has led to the development of this research project that will be
developed during the following years within the frames of the IGE-PCV ; U1122 unit and the
VEGF Consortium.

According to the World Health Organization (WHO), non-communicable diseases are
responsible for >71% of all deaths worldwide. Among them, CVD (like heart attacks and
stroke), cancers, chronic respiratory diseases (such as chronic obstructive pulmonary disease
and asthma) and diabetes account for over 80% of all premature non-communicable diseases
deaths '"®. CVD, including all the diseases of the heart and circulation, represent the primary
cause of death worldwide *"°. CVD have high prevalence and economic impact: overall cost
of CVD to the EU economy is €210 billion a year **°. They require tailored management
strategies, thus personalised early risk prediction is an urgent need for European citizens and
healthcare systems.

Angiogenesis is a complex process promoting the development and growth of new vascular
structures in contact with pre-existing vasculature. As mentioned before, it plays a significant
role in physiological conditions but it is also involved in a wide-range of pathological
conditions including vascular diseases and cancer. Induction of angiogenesis is regulated by a
variety of molecules such as the VEGF family, TNF-a, interleukins, chemokines, and growth
factors '®'. However, VEGF is the most potent factor associated with angiogenesis and is
considered a key regulatory molecule for both physiological and pathological angiogenesis *°.
Atherosclerosis is a chronic inflammatory condition characterized by lipid-containing
inflammatory lesions of large and medium-sized arteries. These lesions cause a focal
thickening of the intima resulting in local hypoxia, which is enhanced by the inflammatory
cell content of the lesions and the produced inflammatory factors '®2. Hypoxia activates a
metabolic pathway mediated mostly by the transcriptional factor HIF-1 alpha (hypoxia-

inducible factor 1-alpha), which up- regulates the expression of various genes including
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nitrous-oxide synthetase (NOS) and VEGF. The effect of VEGF actions in the vasculature can
have a positive and a negative impact. The production of NO and prostacyclin (PGI2) from
VEGF activation has an important role in maintenance of endothelium integrity, in the
lowering of vascular tonus and in the inhibition of platelet aggregation and thrombosis. It also
induces collateral angiogenesis and thus restores blood circulation in infarcted areas ’.
However, the neovessels formed in the atherogenic plaques express adhesion molecules such
as VCAM-1, ICAM-1 and E-selectin, which allow the leukocyte infiltration in atherosclerotic
plaque (figure 6). The recruited leukocytes produce inflammation molecules and various
metalloproteinases (MMPs), which contribute to the instability of the plaque. Furthermore,
VEGF cell activation leads to increased production of inflammation factors such as TNFa and
IL1b. The increased vascular permeability and the VEGF-induced attraction result in
increased macrophages infiltration. These inflammation mechanisms further enhance the
VEGF expression and persistence of angiogenic stimuli, resulting in pathological
angiogenesis. Moreover, the vascular permeability causes the extravasation of erythrocytes,
which in combination with the fact that newly developed vessels are dysmorphic and
immature, results in intraplaque hemorrhage 2> % %', These complex procedures finally result
in plaque instability which is the major cause of most severe clinical events, as plaque rupture

can occur and cause sudden thrombosis of the artery *®,

Collatmral growth
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Figure 6: Role of VEGFs in the normal vessel wall and atherosclerotic lesions.
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Therefore, angiogenesis, through VEGF and inflammation, plays a powerful role in
atherosclerosis development and adverse clinical events. Due to this dual role of VEGF in
cardiovascular system, pro-angiogenic therapeutic approaches based on VEGF have been
tested as an alternative treatment for ischaemic diseases. More than 25 clinical trials have
been conducted using recombinant VEGF protein or gene therapy but have shown low clinical
effects, probably due to the transient nature of the treatments. Protein therapy was associated
with an elevated risk of side-effects such as hypotension, while gene therapy was better
tolerated *®*. Moreover, as mentioned before, the anti-VEGF factors used in cancer lead to a
range of cardiovascular side-effects including hypertension, cardiac ischemia, arterial
thromboembolic events (e.g. cerebral and myocardial infarction) and left ventricular

27 Furthermore, it seems that the relationship between VEGF and CVD is

dysfunction
complicated also due to pleiotropic effects of VEGF. Apart from its angiogenic functions,
VEGF exerts a variety of actions in other organs, through its complicated signaling pathways
in ECs and other cells, which explains its implication in a wide range of conditions such as
inflammation, vascular diseases, hypertension, cardiac, liver and kidney function *
Angiogenesis and VEGF are considered as a common pathway linking different non-
communicable diseases that also represent a huge burden for public health.

Neurodegenerative diseases such as AD and osteoporosis are common non-communicable
diseases with a high burden for the society and healthcare systems. Neurodegenerative
diseases are major challenge for public health, are mostly incurable and have a high
prevalence and cost in Europe: dementias alone are estimated to affect 7 million people and
their cost is €130 billion a year **°. Osteoporosis is also a disease with great prevalence and
importance in public health. In Europe 200 million women worldwide are affected.
Nevertheless, it is a disease poorly identified and treated (80% of individuals at risk are not
identified or treated) *°.

VEGF seems to play a complex role in the central nervous system, and in dementia and AD
development. VEGF is produced and secreted by astrocytes and through its receptors it
activates pathways of cell survival, angiogenesis, and vascular cell permeability in the central
nervous system ®’. Increased VEGF production after an ischemic stroke leads to cerebral
angiogenesis and increased BBB permeability . In brain tissue of AD patients, reduced

VEGF gene expression has been detected, an indication of pathological angiogenesis %% %,

Increased serum VEGF levels in AD patients with cerebral microbleeds ***

, while lower
VEGF levels have been observed in AD patients in another study *°2. Recently, VEGF levels

in cerebrospinal fluid of AD patients show no differences compared to healthy controls 1%,
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However, other studies demonstrate increased intrathecal levels of VEGF in AD patients %,

and higher VEGF expression in microvessels isolated from AD patients brain tissues

compared to controls %

, thus indicating a complex role of VEGF in AD pathophysiology.
Genetic studies have also given controversial results concerning the role of VEGF
polymorphisms and risk for AD %61,

Concerning the link between VEGF and osteoporosis, this is also well documented.

Vasculature is important for osteogenesis '%°

, the development of bones and for bone
remodeling and fracture healing, as it is important for the transfer of precursors of osteoclasts
and osteoblasts, nutrients (calcium, phosphorus, protein), vitamin D, growth and
differentiation factors %°* %', VEGF receptors on ECs are involved with the activation of
expression of cell-adhesion molecules, release of cytokines and chemokines resulting in
degradation of the vessel’s basement membrane, allowing cells to migrate to the extracellular

203

matrix 2. VEGF receptors are present on primary osteoblasts 2 and VEGF promotes bone

2% and the activity *® of

formation, acting directly on survival, chemotactic migration
osteoblasts. Mice that do not express VEGF in bone progenitor cells present an osteoporosis
phenotype with decreased trabecular bone, thickening of bone cortices and increased
adipocytes associated with trabecular bone . All of these observations provide evidence of
the major role VEGF-A plays in bone development and remodeling.

The IGE-PCV; U1122 unit’s main objective is to determine the respective roles of genetic and
environmental factors (and their interactions) involved in the development of and
predisposition to CVD. In order to identify early, specific biomarkers, the unit has set up a
scientific strategy based on an intermediate phenotype-genotype approach and used family,
cross-sectional and longitudinal study designs. This methodological strategy is unique in
integrating genomics, transcriptomics and proteomics (systems biology), thus facilitating the
identification of functional polymorphisms with significant use as predictive and/or
preventive markers. VEGF is one of the major axes of the research work of the unit. The
majority of the work completed so far on VEGF by the unit, including the studies developed

in the section above where | have participated, are summarized in the figure 7.
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Figure 7. Realisations of the IGE-PCV; U1122 unit with my contribution on VEGF.

They have originally identified the high heritable component of VEGF in SFS, which is more
that 60% *°. This finding has been also verified by two partners of the VEGF Consortium %
207 This is an extreme genetic component and this makes VEGF unique among other
biomarkers of chronic diseases. Up to half of this heritability is explained by 4 very common
variations (frequency between 35-50%) identified by a GWAS, where the unit participated
with SFS population *%, while 6 more variants have been identified in a more recent VEGF
GWAS % This is also an exception in the field of genetic studies of complex diseases, as for
most markers, the variability explained by identified variants does not reach levels higher than
5-10%. It is therefore a biomarker ideal for population stratification. Significant associations
have been identified between these polymorphisms and risk factors of chronic diseases

(cholesterol levels, blood pressure and inflammation molecules) % >

, With angiogenesis
molecules %, with risk for depression ® and with thyroid hormones levels in patients with
autoimmune thyroid diseases & ®. Furthermore, as discussed before, VEGF is implicated in
the pathophysiology of CVD and other chronic diseases, while the existence a large number

of transcription isoforms (and related protein products) from the VEGF gene can allow the
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study of VEGF specificity for CVD and other diseases. These arguments demonstrate that
VEGF represents an ideal biomarker for the application of “-omics” methodologies in
personalised medicine of chronic diseases. Therefore, the in-depth investigation of VEGF and
its clinical use in chronic diseases risk prediction can have an important impact in public
health.

In line with this and using my past experience and expertise on VEGF and public health
research field, the purpose of the proposed project is the development of VEGF-based CVD
risk prediction model based on the validity and utility of its molecular determinants as CVD
biomarkers. The most recent “-omics” methodologies will be applied for the identification of
molecular determinants of VEGF that explain the largest part of its inter-individual

variability.

Objectives

The general aim of the project is to develop risk prediction algorithms for the stratified risk
prediction of CVD and other chronic diseases based on VEGF “-omics” determinants. Big

3

data from “-omics” determinants (genetics, transcriptomics and epigenetic) of VEGF and
VEGF-related molecules will be combined with environmental factors and epistatic
interactions with other molecules involved in pathophysiological processes common to the
assessed diseases (angiogenesis, inflammation, lipid metabolism). The project’s specific

objectives are:

1. The identification of VEGF ‘“-omics” determinants and their interactions with
environmental/lifestyle factors in health through robust and valid multi-disciplinary “-
omics” assays (including genetics, epigenetics, and transcriptomics) in large familial,
longitudinal populations of healthy individuals of European ancestry.

2. The identification of VEGF “-omics” determinants that affect CVD, AD and osteoporosis
risk factors, as well as their interactions with environmental/lifestyle factors in healthy
populations.

3. The identification of VEGF “-omics” determinants that affect CVD, AD and osteoporosis
risk in case-controls and prospective studies. This study will allow to test the specificity of
different “-omics” determinants on different diseases.

4. The development of VEGF “-omics”-based computational risk prediction models and

algorithms. Their predictive value will be assessed in prospective studies aiming to identify
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at-risk groups among individuals throughout their lives. Their utility and stratification
efficacy will be compared to conventional risk prediction algorithms, taking into account
both age and sex.

The project will use the resources available in the IGE-PCV; U1122 unit and the VEGF
Consortium that is coordinated by the unit. Resources in population include recognised
cohorts (SFS, Framingham Heart Study (FHS); Cilento study, LLs, ORIGIN), case-controls
populations, large populations from biobanks (BRC IGE-PCV, BBMRI-ERIC a pan European
infrastructure that regroups more than 250 biobanks and UK Biobank) and collaborations with
other consortia such as CHARGE, METASTROKE and MEGASTROKE for which the
desired “-omics” data are available. The “Omics BioBook™ platform will be used for data

storage and analyses.

Implementation of the project

The project will be based on 4 axes, one for each specific objective.

Axe 1: Identification of VEGF molecular determinants in health

The main objective of axe 1 is to identify the genetic, transcriptomic and epigenetic
determinants of VEGF biology in health with the use of robust “-omics” assays validated in

large familial, longitudinal cohorts of healthy individuals.

Genetic determinants of VEGF levels

The results of the recent GWAS study on VEGF levels will be expanded with the addition of
new populations that are available through CHARGE consortium and the ORIGIN Study and
new GWAS meta-analyses. The aim is to gather more than 20000 individuals thus increasing
the power of the study and the potential for identification of novel SNPs that will increase the
percentage of variability of VEGF levels explained. A list of GWAS-level significant
independent SNPs will be developed, while SNPs reaching a level of significance of 0.05 by
false discovery rate correction (less strict criterion compared to classical Bonferroni
correction applied in GWAS) can also be added in the list of candidate genetic determinants

of VEGF. Novel discoveries will also be included by gene x environment interactions studies,
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where environmental factors known to affect the risk of CVD, AD and osteoporosis will be
selected: BMI, levels of blood lipids, inflammation molecules, blood pressure etc. Large scale
replications will be performed in UK Biobank. A genetic score of all the independent markers

will be developed.

Transcriptomic determinants of VEGF levels

RNA sequencing through TrueSeq (Illumina) and sequencing on HiSeq2500 instruments (75
bp paired end reads) has been performed for 220 individuals from 70 families of SFS. These
data and other RNA sequencing and qPCR methods data available in the healthy populations
participating in the VEGF Consortium will be combined so as to quantify the expression of
pro- and anti- angiogenic isoforms of VEGF gene in PBMCs. Following their quantification,
association analysis and meta-analyses will be performed in order to identify the isoforms that
affect more the levels of VEGF.

Epigenetics determinants of VEGF levels

DNA methylation profiling with the Infinium Methylation450K beadchip (lllumina) that can
interrogate 450,000 CpG sites and quantify DNA methylation levels is available for 220
individuals from SFS and the other healthy populations participating in the VEGF
Consortium. EWAS meta-analyses will be performed to identify methylation probes that are

significantly associated with VEGF levels.

Axe 2: Identification of VEGF molecular determinants associated with chronic diseases
risk factors

The main objective of the axe 2 is to establish and quantify the effect of VEGF “-omics”
determinants on common to the assessed chronic diseases risk factors and their interactions
with environmental/lifestyle factors. These disease risk factors include blood lipids, blood
pressure, glucose metabolism, obesity and inflammation traits such as systolic blood pressure,
diastolic blood pressure, mean arterial blood pressure, CRP, haptoglobin, IL-6, TNF-q, fasting
blood glucose, fasting insulin levels, BMI, waist circumference, waist/hip ratio, HDL, LDL,
ApoE, triglycerides, lipid accumulation product index (LAP) and visceral adiposity index
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(VAI). Ten-year risk of a first fatal atherosclerotic event, such as heart attack, stroke,
aneurysm of the aorta, or other calculated by SCORE system will also be used as a phenotype
of interest 2% 2% These phenotypes are available in SFS, LLs, Cilento, FHS but also in many
studies of the BRC IGE-PCV, of CHARGE consortium and of UK Biobank, gathering a
powerful sample size. Direct, gene X gene and gene x environment interactions will be tested
for the identified “~omics” determinants of the axe 1. This axe will identify specific VEGF “-

omics” determinants that affect specific pathways and diseases risk factors.

Axe 3: Identification of VEGF molecular determinants associated with chronic diseases

risk

The main objective of the axe 3 is to identify the disease-specific VEGF “-omics”
determinants that could be used for disease risk prediction. Case-controls populations with
CVD (coronary artery disease and stroke), AD and osteoporosis will be used. These
populations are available in the BRC IGE-PCV, The VEGF, CHARGE, METASTROKE and
MEGASTROKE consortia, the BBMRI-ERIC and the UK biobank. In these populations, the
identified from axe 1 and axe 2 VEGF “-omics” determinants will be tested for associations

<

with increased risk for the assessed diseases. We expect to identify specific “-omics”
determinants for each disease and lead to the selection of the strongest biomarkers to be added

in the risk prediction models of the next axe.

Axe 4: Development and assessment of predictive value of personalised risk prediction

algorithms based on VEGF “-omics” determinants

The main objective of the axe 4 is to develop and demonstrate the independent and additive
predictive value of specific to CVD, AD and osteoporosis VEGF “-omics” determinants,
identified in the previous axes, in computational prediction algorithms for the assessment of
disease risk. The predictive value will be assessed in large prospective cohorts of European
ancestry with the aim to identify at-risk groups among individuals throughout their lives. The
incremental predictive utility and stratification efficacy of the new algorithms will be
compared to conventional risk prediction algorithms such as the SCORE system 2%, the
Framingham General Cardiovascular Risk Profile (FGCVDRP)?® for CVD and the FRAX
WHO Fracture Risk Assessment Tool for osteoporosis **°.
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The steps that will be followed for the development and the testing of the new personalised “-

omics” algorithms are

1.

211-213.

Population and end-points: prospective cohorts like FHS, LLs, ORIGIN, and others
available in CHARGE consortium and the BBMRI-ERIC infrastructure. End points will
include severe events of CVD, fractures and AD diagnosis.

Predictors: Defined in axe 2 and 3.

Model estimation: Sex-specific Cox proportional hazards regression is most commonly
used for time-to-event data, such as long-term mortality (following testing of
proportionality of hazards). The estimation of the regression coefficients for Cox
regression models will be performed with maximum likelihood methods. To limit
overfitting of models to the available data, techniques such as statistical shrinkage
techniques, penalised maximum likelihood estimation, and the least absolute shrinkage
and selection operator will be used.

Assessment of the model performance and validity: internal validation (reproducibility)
will be performed using methods of cross-validation. External validation (transportability
between the two cohorts) will also be performed. Calibration of the models (agreement
between observed outcomes and predicted) will be assessed with goodness of fit methods
and predicted-to-observed ratios. Discrimination is commonly quantified with a
concordance (c) statistic. For a binary endpoint, c¢ is identical to the area under the
receiver operating characteristic (ROC) curve, which plots the sensitivity (true-positive
rate) against specificity (false-positive rate) for consecutive cut-offs for the predicted
risk. For a time-to-event endpoint, such as survival, the calculation of ¢ may be affected
by the amount of incomplete follow-up (censoring). We note that the c statistic is
insensitive to systematic errors in calibration, and considers the rather artificial situation
of classification in a pair of patients with and without the endpoint. The clinical
usefulness will be assessed by the net benefit. This measure is consistent with the use of
an optimal decision threshold to classify patients. The relative weight of harms and
benefits is used to define the threshold, and is used to calculate a weighted sum of true-
minus false-positive classifications. For the comparison of additive value and the
performance between the novel and the conventional algorithms, methods such as
continuous net reclassification improvement (NRI) and integrated discrimination

improvement (IDI) will be used.
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Expected results

The major expected results are:

. VEGF “-omics” determinants to be used for molecular make-up of CVD, AD and
osteoporosis.

. Novel VEGF “-omics”-based risk prediction models — algorithms for CVD, AD and
osteoporosis.

These results will have an important impact in the knowledge of VEGF biology and its
implication in the assessed diseases, but also, will demonstrate its utility as a biomarker for
personalised medicine through early risk prediction.

The knowledge generated by the project will be made available to the scientific community
and the public following several publications in high impact factor international peer-
reviewed journals in the medical, genetics and epidemiology fields and with presentations in
scientific conferences.

The VEGF consortium website will be used for the communication of the results within the

consortium through a private area and with the general public through a public interface.
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Summary of valorisation and transfer activities and scientific visibility

Total number of publications (peer-review journals): 66
v" Number of original publications (peer-review journals): 44
v" Number of scientific reviews (peer-review journals): 9
v Number of conference publications (peer-review journals): 13

Lectures-conferences-symposia: 34

From the 53 original publications and scientific reviews, 48 were found in the Web Of
Science database on November 2018. The analyses of these 48 publications revealed the
following:

Sum of the citations: 3528

Sum of citations excluding self-citations: 3482

Average citations per item: 73.5

h-index: 16

The figure 8 demonstrates the numbers of publications by year.
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Figure 8. Total publications by year
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The figure 9 demonstrates the citations by year.
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Figure 9. Number of citations by year

The figure 10 demonstrates the 25 first research areas of my publications
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My scientific visibility is also strengthened by my participation in international consortia as
participant but also as leader of projects and as project manager of the VEGF Consortium. My

participation in national and european projects is also demonstrating my scientific visibility.
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Five major publications related to the scientific project
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To the Editor,

The Vascular Endothelial Growth Factor European
Genomic Federation (VEGF) Consortium (wwwoyegfcon-
sorfium.org) was founded In June 2014 by Sophie Visvikis-
Slest (chalr of the consortium) and an international group
of researchers with an Interest focused on VEGF-A and its
implications in personalized medicine.

Here, we present the VEGF Consortium and describe
its objectives and ambitions, its structure and its compo-
nents topether with the methodologles used in projects
and preliminary results.

*Comesponding author: Dr. Sophie Visvikis-Siest, UMR INSERM
U11722; IGE-PCV “Gene-Environment Interactions In Cardio-Vascular
Physiopathology”, Univarsity of Lorraing, 30 Rue Llonnals,

54000 Mancy, France, Phone: +33 (006 07 60 25 69,

Fan: +33 (003 B3 32 13 22, E-mall: sophie.visvikis-siestg@inserm. fr
Maria G. Stathopoulou, Ting Xie, lerome Chatelin, Marc Rancier,
George Weryha, Alex-Ander Aldasoro Arguinano, Yesna Gorenjak
and Alexandros M. Petrelis: UMR INSERM U11232; IGE-PCV “Gene-
Environment Interactions in Cardlo-Vascular Physlopathology™,
University of Lomaine, Nancy, France

Daniela Ruggiero: Institute of Genetics and Blophysics, Natlonal
Research Councll of ltaly, Naples, taly

Mary Jo Kurth and John Lamont: Randox Laboratories Ltd., Crumlin, LUK
Georges Dagher: Blobanking and Blemolecular Resgurces Research
Infrastructure (BEMRI)/INSERM U5 13, BIOBANQUES, Paris, France
George Dedoussis: Department of Nutrition Dietetics, Harokoplo
University of Athens, Athens, Greece

Panagiotis Deloukas: Queen Mary University of London,

London, UK

The VEGF Consortium ailms to develop a transna-
tlonal collaborative network dedicated to large inte-
grative and multidisciplinary genomic studies of the
VEGF-A In order to generate applicable knowledge
for medical practice thanks to the following specific
objectives:

- to combine data from multdple cohorts in order to
identify VEGF-A “-omics’ profiling in health and non-
communicable diseases

- to elucidate the pivotal role of VEGF-A in the patho-
physiology of non-communicable diseases

- todemonstrate the patlents’ stratification potential of
VEGF-A *-omics’ profiling

- to implement the research results Into clinical prac-
tice and establish the role of VEGF-A as a predictive,
preventive, diagnostic and prognostic blomarker

- to provide information on the effect of VEGF-A
Lomics' profiling in side effects and response to ther-
apy through pharmacogenomics studies

lanja Marc: Faculty of Phammacy, University of Ljubljanz, Ljubljana,
Slawenia

Maurizio Simmaco: Sant'indrea Hospital - Saplenza University of
Rome, Rome, ltaly

Ron H.N. van Schaik: European Soclety of Pharmacogenomics and
Personalisad Therapy (ESPT), Nancy, France

Federico Innocenti: University of North Carolina at Chapel Hill,
Chapel Hill, NC, USA

lean-Louis Merlin: Institut de Cancérologle de Lorraine et Université
de Lorraine, Vandoeuvre les Nancy, France

lochen Schneider: University of Luxembourg, Luxembourg, Europe
Behrooz Ziad Alizadeh: Department of Epldamiclogy, University

of Groningen, University Medical Center Groningen, Groningen,

The Netherlands

Marina Ciullo: Instituta of Genatics and Blophysics, National
Reszarch Council of taly, Naples, taly; and IRCCS Neuromed,
Pozzill, Isernia, ltzly

Sudha Seshadri: Department of Neurology, Boston University Schaol
of Madicing, Boston, MA, USA
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- to propose implementation strategles and European
guidelines involving VEGF-A “-omics’ profiling for the
management of non-communicable diseases

- to share methodologies, data and knowledge In
the fleld of “-omics” management and innovative
statistics

- to develop standardized teaching and evaluation
methods practiced and validated by the consortium.

It comprises 11 working groups, where the partners of the

consortium are partidpating based on thelr expertise:

1. VEGF-A “-omics’ profiling in health

2. VEGF-A “-omics’ profiling in diseases

3. “-Omics’ technologles

4. Methodologlcal aspects

5 VEGF-A chinical implementation

6. Pharmagenomics

7. Endothelns and endothelial factors

8. VEGF-A basic research (cancer cell lnes, animal
models)

9. VEGF-A and inflammation

10. Communication and sclentific/educational meetings

11. Raising awareness of populations

Prospecttve, longitudinal, family-based or population-
based cohorts of healthy individuals are the core of the
consortium. These are the following:

1. The STANISLAS family study: This 15 a longitudinal
family structure cohort of community-based popula-
tion of French origin recruited tn 1993-1995, followed
up for 15 years. A number of 1006 nuclear families
comprising two parents and at least two blological
children over & vears old are included in the study [1].

2. The Framingham Heart Study: It is an ongoing, lon-
gitudinal, community-based, observational cohort
study that was inittated in 1948 to prospectively
Investigate the risk factors for cardiovascular disease
(CVD). The original cohort enrolled 5209 men and
women, the offspring cohort enrolled 5124 particl-
pants (Incloding 3514 bological offspring) and Gen
3 included 4095 individuals [2-4).

3. Cilento study: This 1s a population-based study that
aims at identifying genetic nisk factors for common
diseases and traits. The sample includes isolated
populations from three villages (Campora, Glol and
Cardile). The overall sample size of individuals par-
ticlpating to the study 1s 2100 [5].

4. The Lifelines Cohort Study and Blobank (LLs): LLs
15 a multdisciplinary prospective populaton-based
cohort study examining the health and health-related
behaviors of 167,000 persons living in the north east

DE GRUYTER

reglon of The Netherlands in a three-peneration
design [&].

Furthermore, cohorts of patients and case-control studies

are also included in the consortuwm:

5. The Hellenic Study of Interactions between SNPs
and Eating in Atherosclerosis Susceptibility: case-
control study of coronary artery disease.

& Ljubljana pattents: case-control studies recruited
from Ljubljana, Slovenla that include cases of osteo-
porosis, osteparthritis, CVD and diabetes [7-9].

In addition, pariners of the consorflum have access
to large blobanks such as the UK Biobank (Panagio-
tis Deloukas), Blobanking and Biomolecular Resources
Research Infrastructure - European Research Infrastruc-
ture Consortium BEMRI-ERIC (including Sophie Visvi-
kis-Siest with the Blological Resources Center 1GE-PCV
— BB-0033-00051) and the Allance for Clindcal Trials in
Oncology (Federico Innocentt].

Given the wide range of the research field and the
need for application of different methodologles in order
to successfully achieve its objecttves, the consortium 1s
composed of sclentists with different and complementary
expertise and with a large range of resources such as large
study populations, research materials and harmonized
data.

Although the VEGF Consortium was officially
founded on 2014, 1t was based on the long-term collabo-
ration between some of its founding pariners. Therefore,
a2 number of significant results have been published
already, and many projects are ongoing, with promising
preliminary results.

Among the most basic steps was the identification
through two genome-wide association studies (GWAS) of
10 gonetic variants that explain =504 of the circulating
VEGF-A levels variability [10, 11). This 1s a unique finding
among GWAS. In most GWAS, the identified variants do
not explain =10% of the individual varnability of the
assessed tralts. This finding has strengthened our belief
that VEGF-A will indeed be used as strong blomarker
for personalized medicine. Sigmificant assoclations
between some of these polymorphisms and intermedi-
ate phenotypes of chronic diseases have been 1dentified
since then: high-density and low-density lipoprotein
[12], L-zelectin goene expression [13] and froe tri-todothy-
ronin (FT3) levels [14]. Significant epistatic interactions
between these varlants were observed for intercellular
adhesion molecule 1 (ICAM-), E-selectin, interleukin
& and tumor necrosis factor o (TNF-) plasma levels
[13]. Concerning specific disease risk, we have shown
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that these polymorphisms and/or thelr epistatic inter-
actions can affect the risk for depression [15), and for
autolmmune thyrold diseases [14], whereas no assocla-
tlons were found for diabetes type 2 [16).

Conceming the expression isoforms of VEGE-A gene,
we have shown that these are significantly assoclated
with ICAM-, L-selectin and TMF-o expression [13] and
with specific autolmmune thyrold diseases [17].

Furthermore, we have also identifled assoclations
between VEGF-A circulating lewels and thyrold hormones
levels [17] and with ICAM-1 and E-selectin levels [13).

Through a candidate gene approach of polymor-
phisms in genes involved In anglopenests, we have identi-
fled direct and epistatic effects of varlants on nitric oxide
synthase 3 (N0O53), CDI4 monocytes, matrix metallopro-
teinases (MMPs) and interleukin § receptor (ILR4) genes
with levels of VEGF-A and VEGF-A expression isoforms,
but also gene = environment interactions [18].

An important result 15 also the producton of two
patents based on the resulis of studies performed by part-
ners of the consortum [19, 20].

Several projects are ongolng and focused on CVD
intermediate phenotypes, thyrold diseases, cancer and
stroke.

Three face-to-face meetings have been organized to
date: Paris (2014), Budapest (2015) and Santorini (2016).

The VEGF Conscortium is an ambltious Internaticnal
collaboration that atms to pave the way for the implemen-
tatlon of VEGF-A In perscnalized medicine and routine
clinical practice. The deslgned projects take advantage
of the wide expertise of its partners, the large infrastruc-
tures of cohorts and blobanks and a combination of the
most up-to-date “-omlcs” approaches for penerating
multidimensional data, as well as ‘systems medicine
approaches, network analysis and computational mod-
eling methodologles.

Among Its major originalities is that it Integrates
commerclalization and communication platforms, tar-
geting the valld and easy measurement of the 1dentified
blomarkers tn large-scale settings but alse the education
of the general population, patients, sclentists and health
practitioners.

The VEGF Consortium 1s a novel consortium with
an Innevating strocture and orlginal goals. The ultimate
goal 15 to ameliorate life expectancy, quality of life for
individuals and financlal benefits for health systems.
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ORIGINAL ARTICLE

VEGF-related polymorphisms identified by GWAS and risk

for major depression

T Xie", MG Stathopoulou™,
A LLerena™ and § Visvikis-Siest'

F de Andrés’, G Siest’, H Muray®, M Martin®, J Cobaleda®, A Delgado”, | Lamont®, E Pefias-Lledd”,

Depression is a common, severe, disabling mental disease that affects millions of people of dl ages workdwide. Various studies have
shown that neurctrophic/growth factors have a key role in depression and, more specifically, vascular endaothelial growth factor
(VEGF] is implicated in the pathogenesis of depression. The purpose of this study was to investigate the potential links between
four VEGF-related single-nudeotide polymorphisms (SNPsl previously identified through a genome-wide association study [GWAS)
and depression. The direct effects and epistatic interactions of the four VEGF-related SMFPs (rs1 0738760, rs6921438, rs6993770 and
rsd4 16670 ) on depression were investigated through a case-control study including 4 37 individuals diagnosed with depression and
477 healthy volunteers as controls. Gender, age and body mass index influence was additionally analyzed. The SNP rs441 6670 was
associated with inaeased risk for depression (OR: 160, P: 0.010). This result demonstrates the existence of relationships between
WEGF genetic determinants and depression. This novel assodation reveals new molecular mechanisms suggesting the potential role
of VEGF in depression development that could help to promote a personalized prediction for this severe common disease.

Translational Psychiatry 2017) 7, e1055; doi:10.10384p.2017.26; published online 7 March 2017

INTRODUCTION

Depression is a common, severs, disabling mental disease that
affects millions of people of all ages. Depression is also a leading
cause of mortality worldwide, a it @an lead to suidde and causes a
high burden for patients, their families and the health@re system.
In addition population studies have shown that women are
affected by depression more than men, but no study deary
explains the causes of this observation.”

Various studies have shown that neurotrophic/growth factors are
key factors in depression. One of the most important is brain-
derived neurotrophic factor (BDONF] and seweral studies have
fomused alko on vascular endothelial growth factor (VEGF), which
is recognized as a major inducer of angiogenesis and
vasculugerﬁis_) However, VEGF is a multifunctional molecule that
has effects also in the central nervous system"' VEGF has besn
shown to have effects on specific areas of the bmin, such as
hippocampus® and neurogenesis has been shown to be stimulated
in vitro and in vivo by VEGF.* Proirflammatory cytokines have been
implicated in depression™" while VEGF is regulated Iy proin-
flammatory cytokines in dEprBSiDI‘I.a Taking together the above
information, it has been suggested that interaction between VEGF
and proinflammatony oytokines could influence depression and/for
the potential efficacy of the treatments with antidepressants.®

Mumerous studies have investigated the perpheral’serum
levels of VEGF in depressed patients and compared them with a
control group of healthy subjects; however the results are undear
and ambiguous yet, due to differences in the populations studied.
Increased VEGF levels have been observed in depressed patients

when compared to healthy controls,™ but no differences have
been repored in other studies.'™™ In contrast to these results,
one study revealed a decrease in plasma and serum VEGF levelsin
depressed patient.“ However, environment factors like gender,
age and body mass index [BMI) hawe not been adequately
assessed in the aforementioned association studies and they
could potentially explain the controversy observed.'®

Given the associations between VEGF and depression, a common
genetic regulation could be hypothesized. Depresion is a compla:
disease, and it has a heritable I:Bdngrmnd.ﬁ' Few studies have
fomused on VEGF gene polymorphisms role in depression. Among
them, Viildi et al'® have shown that one VEGF polymonphism,
rebO9047, iz associated with treatment resistant depression
Recently we hawe identified through a genome wide association
study (GWAS) four single-nudeatide polymorphisms (SMPs) in three
chromosomes, which explain almost 50% of the imerdindividual
variability of VEGF dradlating levels!” Therefore, we hypothesize
that these strong genetic determinants of VEGF could dm be
implicated in depresson Thus, the aim of this study was to
investigate the direct effects and epistatic interactions of the 4
VEGF-related polymomphisms (rs10738760, re5921438, rs&93770
and rs44 16670 on depression by a case—control study, aiming to
detect potential gene tic biomarkers between VEGF and depression

MATERIALS AND METHODS

Population

Four hund md thirty seven wnrelsted Spanish Cavcasian paients diagnosed
with depressive disorders (132 males/305 femals, mean age 5149+ 14.04
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years, mean BME 2856 + 656 ky/m®) whe wete afierding a Mental Haalth
Centre, were incded. The desaiptions of depressive disorders and any
peychistric condition, in which depression wes a primasy symptom and
therefor wer wnder anidepessant weatment, wee taken fom the
Diagnostic and Statistical Maneal of Mental Disorders DSMY criteniz) ™ A
growp control of 477 (187 mabes290 females, mean agpe 6624+ 1500 years,
mean BME 2833 + 1141 kg/m™) Caucasian healthy volunieers from the same
gengraphical region was ako stedied. The individuals of the contrd grup
ware selacted by pepchiatrists who parfarmed a mental and physical revision,
a5 wedl a5 evised medical histoty 10 chedk heaalth state, in order to condider
about inclugion a8 healthy individmk. Fint-dagres mlatives were ako
misessed by paychistrits regarding potential poy dhistric diomen. However,
1o avoid familial swatificaton mues, anly unrelsted individuek heave been
incheled in the contr group. Healthy valunteas with a preview histoy of
adverse dreg elfecs and hodse with any dreg intake in e 2 wesks balore
the stedy were excleded from parbcipation in the study. Women who
reported of suspected pregnancy wene also excdleded from the sudy.

Wiritten informed consent was abmined for all the participants of the
study, and the study was perdoamed according 1o the Helsinki Declaration.
This study was approved by the Ethical Commiltee of Extremadus
University Hespital, Badajor, Spain and of Mavarra Health Care System,
Pamplona, Spain

Genotyping

Five milliliters of pefipheral blood were dizwn in 2 tube with EDTA, and
then the genomic DNA wat isolated with the QIAGEN Blood DNA solation
kit §Qiagen, Hilden, Germany) and evalusted for integrity and concentra-
tion th h 1% agarose e a5 and speciophotometry. The
SHPs s5921438 rsd416670, rs6P3B770 and 510738760 were genolyped
using the competitive allelespecific POR (KASP) chemisty coupled with a
FRET-based genotyping sysem (hitp/werdlgogroups am/senicesigens
typing/i VmOw diaGH), and genolyping was confirmed by Randox
Laboratons (Crumiin, LK: Evidence Investigainr wsing an ssay based
on & combination of multiplex POR and biochip aray hybridization

Statistical analysis

Hardy-Weinberg equilibrium was tested wing a y-test. The analysis was
carfied out wiing the Generalired Multifactor Dimengonality Redurtion
(GMORDS) software |Univerdty of Alshama, Birmingham, AL USA), which is
a nonpammenic and genstic modd-free™ allernative 1o linsar or kegPags
Page &/istic regression lor dewcting and characterising nonlinesr intetac-
s ameng discrete genetic and emvironmental attributes. Age, gender and
BMI woere wsed a8 covariables. The soore of co-variables was calculsted by
logistic regression, and then the analysis was pedonmed wing the GMDR
Epistatic imeracBons were assessed only between SHPs with significant
direct effects and all the abes. The SNPs analyred are located in differsnt
chiomasomes; therelare haplotype analytc was ot pefomed 58 no
linkage Detwesn SNPS ooours. Direct 3@oariabons were tetied a1 two-sded
P 0012 feorrected for 4 tests) and epsatic ineractions were teed &t
terc-gided P Q0S5 numiber of final interscBon teste

RESULTS

The characteristics of the SMPs are presented in Table 1. Hardy—
Weinberg equilibrium was not observed in the SMP rsd441 6570 in
the group of cases due to significant disagreement found
between expected and observed frequencies, thus indicating a
difference in the frequency of this SNP in depression patients.

Azzodations of the SNP: in cses-controls

Amang the four SMPs studied, only the rsd416670 was signifi-
cantly associated with depression. As shown in Tables 2A and 2B,
this SNP was assodated with an ingeased risk for depression (DR:
160; Table 2A), while the minor allele C was more frequent in
patients (Table 2B). Mo association with depression was found for
the other three SNPs.

Epistatic interactions between the 4 SNPs and depression
As only one SNP (rs4416670) was directly assodated with
depression, we have assessed only the epistatic interactions

Translational Psychiatry (2017), 1-3

Tahle 1. SMPs characteristics in cases and controls.

Che SNP Mo MAF HWE MAF HWE
allele patients  patients  conbol gl

& rsd1667 C 469 o35 0A68 0579

& re6921438 A Q408 0496 0A54 0,606

B re6987TH0 T 0356 0412 0340 0863

9 rsl0738760 A 0463 0o7e 0A70 0769

Abbrevistions Che chromosome; HWE, Hardy-Weinberg equilibrium; MAF,
mincr allele frequency; SNE single-nucleotide polymorphism.

Table L Assodistions betwesn VEGF-relsted with depresson

Marker Allate OR [95% CI) P Chi-suars
Majorfmingr
16670 TIC 160 (1.03-246) Q010 438 (F=0038

Abbreviations | confidence interval OR, odds ratiq VEGF, vascoular
endothelial growth factar.

Table 8. Alleles imestgation for the rsa4] 5670 in patients versus
contrals

Markerillele Combination score® Class levef®
Patiart Contral
= 437) fn=a77)
Fadd 15670
cc 5530 47,00 1
TC 11936 10075 1
™ 41.03 SRTD 0

*Probability of being affected “0—mntra: 1—patient.

irvoling this SNP. The signifiance cut off value was set at P
0,053 (3 imeraction tests) =0.016.
Nao significant interaction was identified

DISCUSSION
In this study, we identified links between VEGF-related genetic
polymorphisms and depression. More predsely, one SHP
[rs4 41667 0} related to VEGF levels'’ was assodated with increased
risk for depression. The minor allele of this polymonphism has
been previously assodated with deoeased VEGF levels."” As this
polymorphism has a very high frequency (almost 50%%), the effect
of the minor allele can affect alarge percentage of the population,
thus having an important impact for public healtth

Several studies revealed that proinflammatory cytokines are
implicated in the etiology of depression®* Miller et al* have
underdined the relationship between proinflammatory ortokines
and depression in individuals with disorders that indude chronic
inflammation. We have previously shown that in supposed healthy
individuals the Callele of rs441 5670 was positively assodated with
-selectin mRMA, and that VEGF4: mRNA positively regulated
-selectin expression.®’ At the same time, wselectin has been
shown to comelate with mental diseases such as the pathogenesis
of Sd'liztpl‘l’el‘l'an and the severty of panic disorder,™ thus
indicating that this molecule an play a significant role in these
conditions. Despite these associations have not been demon-
strated yet in patients with depression, based on our results, we
could propose the hypothesis that L-selectin could be implicated
in depression development, and this effect could be additionally
dependent on the genotype of 4416670 The presence of the C
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allele of this SNP isincreasing expression of L-selectin, which could
indicate an increased risk for depression. This hypothesis should
be tested in future studies.

Conceming the role of VEGF, the C allele of the rs44165670
[currently linked with increased risk of depression) was associated
with decreased levels of VEGF."” Therefore, our present findings
are consistent with a previous study showing a negative
correlation between serum VEGF concentration and scores on a
widely used diagnostic measure of depression, the Hamilton
Depression Rating Scale.” Furthermare, asignifiantly dedease in
plasma VEGF has been shown in individuals exposed to a stressful
military training and environment™ Thus, it is possible that the
present findings could be aso explained in the frame of the
diathesis-stress model of r|:|ta|:m=_r:9'|:r|,1""MI making individuals
camying this VEGF SNP more likely to develop depression due to
a signifiant downregulation of VEGF blood levels during or after
ex¥posure to stress, and'or to a greater vulnerability to stress.
Another previous study aso showed that the subset of patients
who responded to antidepressant treatment were those with
decreased plasma VEGF levels™ Therefore, future studies will
have to test whether these SMPs show less tolerance to
ervironmental stress, andfor decreases in plasma VEGF levels
and whether they are ovemrepresented among depressive patients
who respond to antidepressant treatment contrary to those who
do not respond.

In condusion, to our knowledge, this is the first study that has
assessed the common genetic regulation between VEGF and
depression with important onginal results that reveal nowvel
maolecular mechanisms for this common, severe and disabling
mental disease. The identification of SNPs that may predict
susceptibility to depression andfor response to treatment can
have importantimpliation in clinical practice. Further research on
these mechanisms imvolved in depression development and
response to treatment as well as the functional role of these
SNPs could allow the implementation of these findings in
personalized risk prediction and hopefully targeted treatment of
depression.
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patient-oriented and epidemiological research

A common variant highly associated with plasma VEGFA
levels also contributes to the variation of both LDL-C

and HDL-C*

Maria G. St:.dlopo‘nluu, * Amélie Bonnefond,'* Mdeye Coumba Ndia}'e
Mohsen Azimi-Nezhad.*® Smd El Shamieh.* Ahdelsalnm Saleh,* Marc Rancier,®
Gerard Siest,* John Lamont, Peter Filzgerald and Sophie mGﬁ-Slﬁlz'*

Université de Lorraine,* "Génétique Cardio-vasculaire,” EA-457%, Nancy, F-34000,
France; and Randox Laboratories, Lud.," Crumlin, Antrim, United Kingdom

Absiract  Vascular endothelial growth factor A (VEGFA) is
among the mostsignificant stimulators of angiogenesis. Its ef-
fect on cardiovascular diseases and on the vartation of related
risk factors such as lipid parameters is considered important,
although as yet unclear. Recently, we identified four common
variants (rs6021438, r=4416670, 6903770, and rs10738760)
that explain up to 50% of the heritability of plasma VEGEA
levels. In the present study, we aimed at ing the contribu-
tion of these variants to the variation of blood lipid levels
(including apoE. mighrcerides, total cholesterol, low- and high-
density lipoprotein cholesteral levels (LINL-C and HIVL-C)] in
healthy subjects. The effect of these gngln-maclem:lde poly-
morphisms (SNPs) on lipid levels was assessed using linear re-
gression in discovery and replication samples (n = 1,006 and
n=1,145; respectively), fnllmmedby nmnta—a.nnlyms Their
genexgene and genexenvironment interactions were also as-
sessed. SNP rs6921438 was mmnd with HDL-C {jj = —0.08
mmel /], Popen = 1.2 = 107" and LDLC ( = .13 mmol/],
P a=15x10" 4. Wnb}ﬂentlﬁednmgmﬁmﬂlmﬂm
between the interaction rs4416670xhypertension and apoE
variation (P__y = 1.7 » 107*) Al Therefore, our present
shows a common genetic regulation between VEGFA and cho-
lesterol homeostmsis molecules. The SNP rs602 1438 is in link-
agedﬁequi]ibrmmuﬂlmnulucamdmmedmmer-md
prumnl.er-uumal:ed histone mark region and cuuld ]'nw a
regulatory effect in the expression of genes, in-

choding FEGFA—Srathopoulon, M. G, A. Bonnefond, N. C.
Ndiaye, M. Azimi-Nezhad, 5. El Shamieh, A. Saleh, M. Rancier,
G. Siest, |. Lamont, P. Fizgerald, and 8. Visvikis-Siest. A com-
mon vanant highly associated with plasma VEGFA levels also
contributes to the variation of both LDL-C and HDL-C.
J- Lipid Res. 2013, 54: 535-54 1.

Supplementary key words  vascular endothelial growth Bctor & poly
morphizm * lipid membolism ® cardiowscular discase = high density
lipoprodein<C * bw demsity lipoprowind = cpistatic interaction
grnesenvironment interaction
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The vascular endothelial growth factor (VEGF) family is
one of the most important regulators of vascular biology.
VEGFA, in particular, stimulates angiogenesis in a wide
range of normal and pathological processes (1), Owing
to this marked role in blood vessel homeostasis, the con-
trbution of VEGFA to cardiovascular diseases (CVDs) and
atherogenesis has been studied in recent years (2). How-
ever, the effect of VEGFA on CVDs is still unclear.

The use of antiVEGF agents in cancer therapy has
shown cardiovascular side effects such as hypertension,
cardiomyopathy, and hemorrhagic events (3). Furthermore,
VEGFA therapies have been tested in randomized clinical
trials, particularly in patients with coronary antery disease,
with results showing low clinical importance {2). Many
studies have identified higher VEGFA levels in patients
with vascular diseases; nevertheless, it is not clear whether
the upregulation of VEGFA is an adaptation to ischemia
orifitis, rather, causal in the onset of these diseases (4-11).
Concemning the involvement of VEGFA in atherosclerosis,
resulis seem to be conflicting. A possible neovasculariza-
tion and proinflammatory effect of VEGFA. which leads to
progression of atherosclerosis and plagque instability, in
particular (12-17}, has been identified in animal models
and in vitro studies. In contrast, clinical trials using VEGFA
in humans {2) and gene therapy in animal studies (18, 19)
do not support a positive effect of VEGFA on atherosclero-
sis progression. The complexity of CVDs, combined with
the pleiotropic effects of VEGFA, could partially explain
the differences between studies.

Abbreviations:  BMI, body mass index; BRC IGECY, Biological
Resowrces Bank “Interctions Géne-Emdronnement en Physiopatholo-
gic CardioVasoulaire™; VD, crdiowascular discase; GWAS, genome-
wideassociationstudy; LI linkage disequilibrivm; SMP single-nucleo tide
pobmorphism; TO, wial cholesterol; VEGE, vaseular endothelial
growth fwctor,
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An interesting point would be the assessment of the
effect of VEGFA {which is expressed in almost all vascular-
ized tissues, including the heart, the liver, and the kidney)
on known cardiovascular nsk factors in supposedly healthy
populations, such as lipid parameters (200, inasmuch as
this could partially explain the implications of VEGFA in
the physiopathology of CVDs. In particular, high-density
and low-density lipoprotein cholesterol levels (HDL-C,
LDLAC, respectively) are considered independent nsk fac-
tors for the development of CVI) (20). Increased levels of
circulating VEGFA have been found in subjects with un-
complicated hyperlipidemia in a smallsample-size study
(21), and a similar finding has been shown in a pilot study
in patients with hypercholesterolemia (22). Significant
associations were found between HDL-C and VEGFA lev-
els in a supposedly healthy population from Japan (23),
whereas in a supposedly healthy population in the SAPHIR
study, VEGFA was negatively correlated with LDL-C, total
chalesterol (TC), and apoB only in women (24). Although
the relation between lipid profiles and VEGFA levels is not
yet clearly defined, these observations suggest an eventual
implication of this molecule in ipid metabolism.

Genetic studies can be highly useful in the identification
of strong associations between distinct metabolic pathways
of risk factors involved in a common pathophysiology. Via a
recent genome-wide association study (GWAS), we ident-
ficd four single-nucleotide polvmorphisms (SNPs) that
explained up to 50% of the heritability of VECFA circulat-
ing levels (25). The investigation of the effect of these new
genetic vananis, as well as the interactions between them
and with environmental factors, on blood lipids levels might
give soame insight into the relation between VEGFA and
bload lipids. Therefore, the aim of the present study is the
assessment of genetic determinants of blood lipid levels
using these four novel VEGFA-related SNPs in supposedly
healthy discovery and replication populations.

METHODS

Subjects

Discovery and replication pofulation.  Discovery (n= 1,006)
and replication {r = 1,145} samples belong to two independent
and nonoverlapping populations exwacted from the Biological
Resources Bank (BRC) “Interactions Géne-Environnement
en Physiopathologie CardioVasculaire™ (IGE-PCV) in Mancy, in
northeast France. They consist of supposedly healthy, unrelated
adulis of Euwrcpean origin (discovery population: Pormgal,
France; and replication population: Ireland, Greece). Individu-
als with chronic disorders {mardiovascular or cancer) or having a
personal hiswry of CVD were not been included. Subjecis mking
blond lipid-lowering drugs or medications having an effect on
cardiovascular funcrion {including inoropic agems, B blockers,
calcium-channel blockers, organic nitrates, ant-archythmics, an-
ginensin-convening enzyme inhibitors, angiowensin 11 recepor
blockers, diuretics, clot busters, anti-coagulanes, ann-platelet
drugs, anti-diabetic drugs, and insulin) were also excluded. The
study protocols were approved by the local ethics comminee of
each recruitment center, and all subjects gave written informed
consent for their panicipation in the soudy.
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Data collection

For both populations, biological and clinical measurements and
health and lifesole information were collected using appropriate
validared guestionnaires and procedures as described previously
(26, 27). Hypertension was defined as systolic blood pressure
=140 mm,Hg, diasiolic blood pressure =00 mm/Hg; and smok-
ers were identfied based on current smoking stams. Body mass
index (BMI) was calculated as weight (kilograms) divided by
height (meters) squared. Obesiny was defined as BMI =350 Igg.fm"".

ApaoE serum level were measured using a mrbidimerric immuno-
assay method (28), and wighycerides, TC, and HDL-C plasma
levels were measured as previously described (26, 27). In pamicular,
TC was measured using a cholesterol oxidase-paraaminophenazone
method, riglycerides using a glyjcerophosphate oxidase,/ para-
aminophenazone alanylghrine ghycine method, and HDL-C levels
using a phosphomngsme method. IDL-C levels were caleulaed
using the Friedewald formula (28). VEGFA plasma levels were
measured in a subsample of 405 individuals from the discovery
population by Randox, Lud. (Crumlin, UK) using a biochip amray
analyzer (Evidence @) (25). Blood collection was performed after
overnight fasting.

Genotyping

DMA was exvracied from all participans, and relative biobanks
have been constructed in the BRC IGE-PCV. The SNPs rs692 1438,
rs44 16670, refID37T70, and rsl 0738760 were genotyped by Geno-
screen® Chop://genoscreendr) using a Sequenom® iIPLEX
Gaold assay (Medium Throughput Genotyping Technology) (500
and in Kbioscience (http://www kbioscience.co.uk) using the
competitive allelespecific PCR (KASP) chemistry coupled with a
FRET-based genoryping system {hmp://www.kbioscience.co.uk,”
reagents /RASP/RASPE.himl) in the replication population. For
earh SNP, 192 duplicate samples were used, and a concordance
of 100%, was found.

Statistcal analysis

Contnuous variables are presented as mean value = siandard
deviation, and cawgorical variables are given in !pen:enmges_
Hardy-Weinberg equilibrinm was wested using the x~ rest. VEGFA
concentrations were narural log-rransformed w normalize their
distribution in a subsample of the discovery population. Correla-
rions were evaluated by calculating the Pearson coefficient (r).
Linear regression models adjusted for age, gender, and BMI were
used o test possible associations berween VEGFA plasma levels
and the levels of the assessed lipid trais. Significance was assessed
at a owo-giled P = 0005 level.

Genetc analyses were performed under the assumpion of an
addirtive model

For the discovery population and the replication populations,
limear regression models adjusted for age, gender, and BMI were
used for the assessment of the effect of each SNP {independent
variable ) in blood lipid concentrations (dependent variables). Fur
ther adjustments were performed in both populations for smoking
and hypertension. Significance was assessed ar a wo-miled P =
0.0125 level (adjusiment for multiple wsing). In a case in which
maore than one SNF is sssociated with one wait, a condiional analy-
sis assessing the main effect of all significant SMPs in the same
maodel of linear regression {adjusted for age, gender, and BMI) was
performed o clarify the independent determinanes of the wait

Concerning the use of BMI as a covariate in the regression
maodels and before performing the analysis on SNP associations
with lipids traits, we assessed the existence of direct effecis of the
SNPs on BMI, using linear regression models adjusied for age
and gender. The resuls were not stadstically signihcant (daa not
shown ), thus allowing the use of BMI in the analyses models.
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The environmenml faoors used for the gene<environment
interactions assessment were BML smoking, or hypenension. We
amsessed the conributon of these interactions using linear re-
gression models adjusted for age, gender, BMI, the environmen-
@l factor,and the additonal interacion term { SNP=environmenzl
faceors). Significant resuls were considered those with P 0.004.
For the significant SNPs implicated in gene<environment inger
actions, separate regression models using the environmental fac-
tor as the dependent variable were performed o control for a
direct association between the SNPs and the factorn

The assessment of gene<gene ineractions was tested using all
possible pairwise combinaions beoween the four SNPs in both
discovery and replication popularions. In the regression models
adjusted for age, gender, and BMI, owo 3NPs and their interac-
tion term were added. In order to adjust for muliple westing, sig-
nificance was set ar P= (L0038,

All analvses were performed wsing PLINK 107 software
{hops// pngumgh_harvard edu/ purcell / plink) (31) and the 3PS5
statistical software version 16.0 (8P5S8 Inc; Chicago, IL).

Mez-analysis for each quantative rait was performed using
aweighted inverse normal method via the funcion *metagen,”
with a fixed effect, in the *“META™ R 2.15.1 package.

The significant resuls of this siudy were compared with pre-
vious findings in the literature {previous GWAS). SNPs with
a correlation coefficient =80% were considered in linkage dis-
equilibrinm {LD}. The GWAS investigator of HuGENavigator
engine (32} and the NHGRI camlog of published GWAS (hop:/ /
www.gencme. gov/ gwasstudies) (533 were used (o assess previous
GWAS concerning blood lipid levels.

RESULTS

Participants’ data are presented in Table 1. The charac-
teristics of the genotyped SNPs are shown in Table 2. All
5NPsin both populations are in agreement with the Hardy-
Weinberg equilibrium.

In the discovery population, significant associations
were observed between rs6021438 and 6993770, and the
levels of HDL-C (B = —0.08 mmol/1, P= 1.2 « 107" and

= —0.01 mmol/1, P= 83 = 1077, respectively; Table 3)
and between 6921438 with plasma LDI-C concentra-
tions (8 = 0.14 mmol/1, P= 6.7 » 107", Table 3}. Specifi-
cally, the minor allele A of rs6921438 15 associated with
decreased HDL-C and increased LDL-C values, whereas
the minorallele T of rs6993770 is associated with increased
levels of HDL-C. These significant associations were only
confirmed for SNP r=6921438 in the replication popula-
tion (B = —0.07 mmol/l, P=27 « 10" and B = 0.12
mmal/l, P= &4 « 107 for HDL-C and LDLC, respectively;
Table 3). Conditional analysis including both 6093770
and rs6021438 revealed that 6921438 was the only SNP
with significant direct effect on HDL-C levels in the discov-
ery and replication populations (B = —0L0% mmaol /1, P=
1.9 % 107" and p = —0.07 mmol/], P=2.7 « 107", respee-
tively: Table 3). Of note, these results remained significant
in both populations after adjustments for both smoking
and hypertension (data not shown). SNP 6021438 ex-
plained 1% of the variability of HDL-C and 0.2% for LDL-C
in both populations. Meta-analysis of the resuls of both
populations gave highly significant associations between
rsb921438 and both HDL-C and LDL-C levels (g = —0.08

mmol/I, P= 1.2 10" and B = 0.13 mmaol/1, P= 1.5 10”"
for HDL-C and LDL-C, respectively; Table 3). SNP
693770 was not significantly associated with HDL-C lev-
els in joint analysis of the two populations. Furthermore,
meta-analysis of the conditional analysis results including
rsB003T70 and rs6021438 verified that 6021438 is the
only independent determinant of HDL-C levels (B = —0.08
mmol/1, P= 1.2 « 10”"; Table 3).

The nonsignificant associations between the four as-
sessed SWPs and the other lipid traits are presented in
supplementary Table [ for the discovery and replication
populations, as well as the results of the metz-analyses.

Among 10 previously published GWAS concerning lipid
levels, 6921438 {and SNPs in LD with rs6921438) was not
reported in the lists of statistically significant SNPs (34-43).
Supplementary Table [T presents the nonsigmficant asso-
ciations of the four SNPs with the assessed lipid traits in a
large GWAS meta-analysis (43). Therefore, s6921438 is a
novel SNFP associated with both HDL-C and LDL-C levels.

A significant association between the interaction
rs4416670=hypertension and apoE variation was also iden-
tified (P=3.5 = 107°, L6 = 107, and 1.7= 1077, respectively,
in the discovery and replication populations and meta-
analysis; Table 4). The minor allele of the polymorphism
was associated with lower levels of apoE in hypertensive
participants (B = —0.71 mg/1, —0.75 mg/1, and —0.7%
mg/l, respectively; Table 4). To test for a possible direct
association of rs4416670 in hypertension, further analyses
were performed in both populations. No significant asso-
cations were observed between the same SNP and hyper
tension (= 0.576 for discovery and = 0592 for replication
population]).

Regarding epistatic interactions, in the discovery set, we
found that the SNP rs6921438 interacted with 6993770
for HDL-C levels (f = 0.05 mmaol /1, P= 2.4 = 107%, Table 4).
Although this finding was not significant in the replication
population (B = 0.02 mmol /1, P=0.035, Table 4), it was
aignificantin the meta-analysisof the results (B=0.03 mmol/1,
P= 26 107", Table 4.

In a subsample of the discovery population (n = 403}
with VEGFA plasma level measurements, no correlation
was found between VEGFA plasma levels and any of the
assessed lipid traits (7= 0.022, P = 0657 for HDL-C, R =
—0.010, = 0.845 for LDL-C. = 0,017, P= 0.741 for TC,
i =0069, P=0.164 for triglycerides and R = 0.066, =
0.184 for apoE). Furthermore, VEGFA levels were not as-
sociated with lipad levels in regression models (7 = 0.05)
(see supplementary Table I1T).

DISCUSSION

The present study assessed the effect of VEGFA-related
SNPs on blood lipid traits and found significant associa-
tions and genexenvironment interactions for HDL-AC,
LDL-AC, and apoFE levels in two independent populations
of healthy unrelated adults of European origin.

In particular, SNP rs6921438 was robustly associated
with both HDL-C and LDL-C plasma levels. This SNP is an

VEGFA-related SNFP's and blood lipid levels 537
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TABLE 1. Chamcieristics of the study participanis

Discovery Sutsample with VECEA plasma. Roplication
im = 10 kevel memsuremens (o = 405) {m=l, 145}

Variable Mean® s’ Mean * an* Mean sn*
Age (years) 4317 .08 44.52 481 4198 924
Gender (male %) 4500 50,40 8200

Body mass index (kg% 25,19 £15 2492 504 2670 a4l
Hypertension (%) 25,60 14.30 27.80

Obesity (%) 1012 .1 15.90

Smoking (%) 2333 25,40 2730
HOL-cholesterol {mmal 1) L47 044 160 047 161 062
1D ~cholesters] (mmol/1) 27 L.og 555 0.EQ 357 117
Tevtal cholesterml (mmol /1) 5.51 Log 5.73 Los 592 L&
Trighcerides (mmol/1) 124 136 130 Lal .63 150
ApoE (mgdl) 42.68 15,14 41.84 17.63 4739 1843
Vascular endothelal 4271 43,43

growih Factor A (ng/1)

: Mean value for continuous variables and percentage for categorical variables.
S0, standard deviation (only for continuous wriables).

intergenic genetic vanant located on chromosome Gp21.1,
at 171 kb downstream of the VEGFA gene. More precisely,
this SNF is located between LOCI00132354 (a noncoding
RNA) and the Céor223 gene (encoding an uncharacter-
ized protein). To our knowledge, no expression data are
available for the Céorn223 gene. SNP rs60921438 is in link-
age disequilibrium with a few SNPs close to it (<6 kb):
rs4513773, 57767306, and 0472150 (F = 0.7; IV = 0.9;
in the HapMap CEU population], all located between
LOCIM32354 and Chorf223. SNP 9472159 is located in
an enhancer- and promoterassociated histone mark re-
gion according to ENCODE (hup://genome ucscedu/
ENCODE/index himl). Therefore, it could regulate the
expression of surrounding genes, including VEGFA. In a
recent GWAS, we showed that the minor allele of s6021438
strongly contributed to decreased VEGFA circulating lev-
cls (with an explained vanance of VEGFA levels of 41%)
(25). Subsequently, it appears that rs692 1438 could have
a negative effect in the cardiovascular system through a
decrease in HDL-C levels, an increase in LDLAC levels, and
a decrease in VEGFA levels.

It should be mentoned that to our knowledge, this is
the first study that investigates the effects of VEGFA-related
SNPs with blood lipid traits. Also, rs6921438 has not been
identified in any previous GWAS concerning HDLAC and
LDLAC levels {34-43). The existing GWASs have managed
to explain a small percentage of the blood lipid trait van-
ance (e, for HDL-C, it ranges from 0.6% to 10%); thus,

other genetic variants remain to be found. Nevertheless,
in the present study, 6921438 explained 1% of HDL-C
variability and 0.2% of LDL-C varability (in both popula-
tions). A large meta-analysis of GWAS including more than
100,000 participants did not identify the genetic vanants
assessed in the present study as significant determinants of
blood lipid levels (see supplementary Table 1T} (43). The
reason for this discrepancy may be due o differences in
the studied populations. Teslovich et al. (43) included in
their study more than 45 populations of European descent
corresponding also to family-based or casecontrol studies.
These populations may be different from our healthy un-
related European adult populations.

In the present study. a candidate gene approach was
used based on SNPs identified from a GWAS concerning
VEGFA-level heritability. The use of CWAS-identified SNPs
as candidate loci for other trait varations could help in
the eluadation of genetic relationships between pheno-
types and new biological mechanisms associated with
pathologies. Hence, the present study, which suggests
a common genetic regulation of blood lipid traits and
VEGFA, could support this methodology.

To further assess the effect of this common regulation,
we tested the association between VEGFA and blood lipid
levels, although the results were nonsignificant. There-
fore, plasmatic levels of VEGFA may have an indirect im-
plication in hpid metabolism, at least in supposedly healthy
individuals. However, Blann et al. (21) demonstrated that

TABLE 2. Chamcicrisics of the four studied genetic variants

Locuion MAF
Variance of
Direciion of effea plasma VEGFA
Chr ENP Minor allele on plasma VECEA® exphined ()" Fancsicn Closes genes Discovery Replicaion
1] o | 458 A —0.72 412 Intergenic LOCH0] 32354 Clonf223 042 040
1] reb4 1 GETD [ —o.03 15 Intergenic LOCH0] 32354 Cforf223 047 045
& reAOE3TT0 T —od7 pdli] Intronic FFPMZ 030 L] |
9 rsl OT48T6D G —0.28 5 Intergenic KCNVE VIR 048 045

* According to Bef. 25, effect size in the discovery cohort (VEGEA values in ng/l, bog-transformed ).

¥ According 1o Ref. 25,
* MAF, minor allele frequency.
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TABLE % Significant associations of 83Ps with Blood lipids

Mean values level =50° by genowpe {mmal /T
Eenatype

pIsE)
SNF Trais/ Suady XX Xy W (mmicd /1) r
HIDLAZ" 1.97 £ 0.47 1.80 £ 040 1.76 £ 0.54 —0.08 [0.02 ] 1Ex10"
Iscowery
21438 HDL-C S 1.73+0. 62 16l 2062 1.39 + 058 —0.07 o] 250!
replication
Xallde =G HDLAC / NA* NA NA —oog[ool]  l2xlo”
metaranalysis
Fallele = A LDLAC*/ discovery  3.03: 108 320108 36121083 0l4[005] G7xl0"
[N 350+ 108 35420107 384 = 106 012 [0 BA = 1077
replication
Lo S A MNA M 003 [oos] 15=107
metr-analysis
reEAaLTT0 HDLAC S discowery 1.86 £ 0.52 l.9% 2047 2.06 = 0.49 o0l [ooz] E3x 107
Kallele = A HDL-C S 161 £ 0.62 L6l =063 161 £ 064 —0.0% [0o2] 0318
replication
Yalkebe =T HDL-C S MA MNA MA ool ool ] 0298
meta-analysis
retii2 | 438 HDLAC S discovery MNA MA MNA — 0L [0 ] L2107
conditioned for HDLAC S A MNA MNA —0.07 |02 27 x 107
rsGOUATT0 replication
HDL-C S MA MNA A —0.08 [0.01 ] L2x 1077
meta-analysis
OO T HDL-C S discovery A MNA M —0.003 [0l ] 0780
conditioned for HDLAC S MNA MA MNA .05 [0.0]] 058
refo2 ] 438 replication
HDL-C S MNA MNA MA 0.002 [0.008] 0790
metr-analysis

Assoriations that are not significant are reported in supplementary Table 1.

“5I¥, standard deviation.

* B effiect siee; SE, standard ermor
FHDLAC, HIM ~cholbesteral.
“LIDLAC, HD ~cholesterol.

"MA, not applicable.

subjects with hyperlipidemia have increased levels of
VEGFA compared with healthy controls, even if the au-
thors found no correlanon of VEGFA wath blood lipid les-
els. Additionally, similar results were observed in a small
pilat study of hypercholesterolemia patients by Belgore,
Lip, and Blann (22). Both of these studies were performed
in small sample sizes, and they have included pathological
populations in a casecontrol design. Thus, these results
cannot be directly compared with the present study, where
healthy populations have been used. In the study of Kimura
etal. (23), serum VEGFA levels were negatively correlated
with HDL-C levels in healthy adults; however, this correla-
tion was observed only in male populations. Moreover, in
this study, measurements were performed in serum sam-
ples, which demonstrate higher levels of VEGFA compared
with plasma levels that were measured in the present study

(23, 25). Finally, Sandhofer et al. (24) have shown that
plasma VEGFA levels were negatively associated with TC
and LDL-C in a healthy female sample. Although the pop-
ulation of this study is larger than our discovery cohort,
the female sample is significantly older compared with
ours. As previously observed, VEGFA levels increase with
age, especially in women (44). In the abovementioned
study, VEGFA plasma levels in the female sample are
higher than the levels of our study, and this could proba-
bly explain the different results between them. It should
be mentioned that in our sample, there were no signifi-
cant differences between genders (data not shown ). Taken
togrether, it seems that in supposedly healthy populations,
VEGFA is only marginally or not associated with blood
lipid levels. Thus, although a common genetic background
between VEGFA and blood lipids, especially HDLAC and

TABLE 4. Significant genesenvironment and genesgene interactions with blood lipids

Inieraction Traim/ Saudy B ISE]" F
416670 = Apak/ discavery -0.71 [0.24] 45«10
hypertensgon Apak/ replication —0.75 [023] 16« 10"
ApoE/ meti-analysis —0.73 [0.17] 1.7= 10"
b2 438 = HDLAC discovery 0.05 [eol] 24x107?
63T T0 HIDLAC replication 0.0 [oue1] 0.035
HIVLAZ meta-analysis 0.0% [l ] 26107}

“B, effect size:; SE, standand error; unis for B ocoefficient are: mg/] for apoE and mmol/] for HDL-

chaolesterol.
* ApoE, apolipoprowin E.
FHIDLAC, HD~haolesterol.
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LDLAC, may exist, a clinical manifestation cannot be de-
tected in physiological situations. However, the functional-
ity of these SNPs and the clanfication of molecular
pathways that are implicated should be determined in
other functional studies, including transcnptomic analysis
for the expression of key proteins.

‘We also analyred the effect interactions of the four VEGFA-
related SNPs between them and with environmental fac-
tors, on lipid parameters. It is currently widely accepted
that genexgene and gene=xenvironmental interactions can
cxplain a significant amount of genetic heritability and
can help identify subgroups among populations with
higher disease risk (45-47). Hypertension, BMI, and smok-
ing were the "environmental factors” selected because
these are known nsk factors for CVD. Becanse these are
factors commonly present in individuals with pathological
bload lipid levels, the effect of their interactions with ge-
netic varants could have significant clinical imponance.
We identified a significant effect of the interaction be-
tween rsd4 16670 and hypertension on decreased apol lev-
els. ApoE serum levels are known to be associated with the
AP common polymorphism; in particular, we have pre-
viously shown that the APOE2/2 genotype contnbuted o
high apoFE levels and APOE 474 wath low apoFE levels (48).
Here, we have identified a new genetic variant that has an
effect on apoE levels through an interaction with hyper
tension. The SNPxhypertension interaction that we dem-
onstrated is not due to a direct relationship between the
two components of the interaction. Hypertension is among
the major risk factors for CVD (49). The presence of al-
tered blood lipid levels and high blood pressure is a very
common manifestation in subjects with CVD. Thus, the
identification and explanation of these types of interac-
tions between risk factors and genes could be important
for the understanding of the complex mechanisms that
define the phenotypes in CVIL

This study was the first designed to assess common
genetic regulation between VEGFA and blood lipids.
The selection of healthy populations is important for
the understanding of these relationships becanse in
pathological situations like CVD, the clinical profile of
both blood lipids and VEGFA is affected by many dis-
ease-related factors which complicate the situation and
do not allow the demonstration of comprehensive re-
sults. Another strong point of the study is the replica-
tion of the most-significant results in an independent
population, as well as the use of meta-analyses, that en-
sured the validity of the findings. We acknowledge, how-
ever, the hmited number of individuals with VEGFA
plasma-level measurements.

In conclusion, we found a robust association between a
common VEGFA-related genetic varant and both HDLAC
and LDL-C. Furthermore, apoE vanation was partly ex-
plained by interactions between another VEGFA-related
SNP and hypertension, which is known to be related to
CVD. The assessment of other CVID risk factor associations
with these polymorphisms could assist in the understand-
ing of the normal regulation and the pathophysiological
mechanisms that underlie these complex diseases B}

540 Journal of Lipid Research  Volume 54, 2013

Samples and dam used for this study are part of the BRC IGE-
PCV in Mancy, France.
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Abstract

Vascular endothelial growth factor [VEGF) is a key chemoline imvolved in tissue growth and organ repair processes,
particularty angiogenesiz. Blevated droulating VEGF levels are believed to play a role in type 2 diabetes (T2D) microvascular
complications, espedally diabetic retinopathy. Recently, a genome-wide assodation study identified two comman single
nudeotide polymorphisms GNPs; rs6921438 and rs10738760) explaining nearly half of the vardance in drculating VEGF
leveks. Considering the putative contribution of VEGF to T2D and its complications, we aimed to assess the effect of these
VEGF-related SNPs on the risk of T2D, nephropathy and retinopathy, as well as on variation in related traits. SNPs were
genotyped in several case-control studies: French and Danish T2D studies V.. = 8.920-N.es; = 3875 and N, 5., = 3.561-
N s = 2/523; respectively), two French studies one for diabetic nephropathy (Mae:= 1.242-N, sapay = B60) and the other
for diabetic retinopathy (Nasies= 1.336-N;sewets = 1,231). The effects of each SNP on guantitative traits were analyzed in a
French general population-based cohort (N=4,760) and two French T2D studies (N= 3,480} SNP associations were assessed
using logistic or linear regressions.  In the French population, we found an assodation between the G-allele of re59214 35,
shown to inmease circulating VEGF levels, and increased T2D risk [OR= 1.15; P=13.7%10"). Furthermore, the same allele was
associated with higher glycated hemoglobin levels (=0.02%; P=9.2x10 “). However, these findings were not corfirmed
in the Danes. Corversely, the SMP rs10738760 was not associated with T2D in the French or Danish populations. Despite
having adequate statistical power, we did not find any significant effects of re6921438 or rs10738760 on diabetic
microvascular complications or the variation in related traits in T2D patients. In spite of their impact on the varance in
circulating WEGF, we did not find any association between SNPs rs6921438 and rs107 38760, and the risk of T2D, diabetic
nephropathy or retinopathy. The link between VEGF and T2D and its complications might be indirect and more complex
than expected.
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Introduction

Vascular endothelial growth Facor A (VEGFA - dlso known as
"m‘r‘] 1.5 a kﬂy 'J']m]k"ﬂ']". 'ir]w)]'“‘.'] ‘IU 1‘55.". g“J\“]'] a.rl] l:lan
mpair proceses. Primadly, the mle of VEGF has been intersely
investigated in the regulation of angogenesis, mamely the growth
of nonel vaseular endothelial cells derived from aneries, veim or
lymphatics, which & essential for organ development and tisue
mpair, but abko for twmor growth [1,Z). VEGF mediaes
angiogenests by increasing vascular permeability to water and
proteim [3]. However, the excesive vasoular permeability during
]ml]'m]t:gil::] mngi:gujnsii can contribute o both macn- and
micmnascular dieases [3]. In this regard, higher circulating
VEGF levels have been detected in the serum of some patients
presenting with various types of cancer [4], with cardiovascular
diseases [5.6,7] or with diabetic microvascular complication [8].
Higher levels of serum VEGF play a central role in the
development of diabetic retinopathy, and intravitreal anti-VEGF
drugs am currently widely wsed in patents presenting with
]m]]i;ﬂ?ﬂ.‘i\!‘. '1"“.1]‘1&: T‘!‘J‘rl]]m‘h}f oar 'Hl‘l*ﬂi': m:"l]m— ".'L‘.m m].

The hedtalility of cdmulaing VEGF levels is very high,
estimated at between 60 and 80% [,10,11]. A recent genome-
wide amocation stuxdy (GWAS) reported several common single
maleotde polymorphisms (SNPs) that were significantly ssoctat-
ed with serum VEGF lewk [12]. In partienlar, two SNPs
explained a very large proportion of the heriability of circulating
VEGF levels in the Framingham stedy: rb021438  and
10738760, explaining 41.2% and 50% of the VEGF variance,
mspectively [12). SNP rsf021438 is located on chromosome
op2lll, a 171 Wb downstream of FEGFA, and dose 1o the
Clag223 gene (which encodes an uncharcterised protein); and
SNP rsl0T3IETE0 i3 located on chromosome 9524.2, between the
VIDLR and KCNF? genes (that encode the wery low demsity
lpoprotein moeptor and the potssum volagegated channe]
subBumly V, member 2, respectively).

We postulated that il increased circulating VEGF is genuinely a
cawsative ik Factor for tpe 2 dabetes [TID) andfor s
]'II'.I:“J'U}!:I:II]HT ']J]’“]ﬁ'l‘j']ml 1..I1m 11:". Sm Ts"ml"“ m']
1 10T3BT60, which explain nearly hall the variance in circulating
VEGF, would abo contribute to the genetic rik of TZI and i
micmnaascular complications. Thenefore, we aimed o ases the
asoctation of both these VEGF-relaed SNPs 6921438 and
ml0738760) with the dsdk of TN, diabete nephropathy and
mretinopathy, and with wvariation in related membolic tmits, in
European populations,

Materials and Methods

Study participants

Clinical characteristics and data avallable for the sdied
populations are reported in Table 81,

Genotyping of SNPs m6021438 and rsl0 738760 was conducted
in several study samples:

— Frenh T2D cave-comirol study, We analysed 6,920 unrelated
French indndduak with T 2D ascertained from the French T2D
Family study collected by the CNRS-UMREN) unit, from the
Endocrinology-Diabetology  Department of the Cordedl-Es-
SOMnes Hlx:_pitn] [l"] , from the n'nﬂlhfumr.'rmnlﬂ-]'qé]l}n'lw«
stdy [14], from the DLE.S.LR. cohort which & a longitudinal
Fremch general populaton sample [15], and from the
SUNLMAX study, which is fully described elsewhere [16].
We wed 3875 unmeluted normoghyeemic adulls (age at exam
=45 yeans), ascertained from the DLES LR and the SUVL-
MAX studies, as controls.

PLOS ONE | wow plodonearg
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= Danih T2D cosw-cmbol study. We analysed a ol of 3,561
Danih patients with TID recruited by the Steno Diabetes
center [17], as well as the Inte99 [18] and ADDITEON studies
[149]. We wed 2623 unrelated nomoglyeemic adulis (age at
exam 245 years), recruited by the Steno Diabetes center and
the Tnter99 sl.udy, i comnirob,

- DESIE The Dt from the Epidemiological Stsdy on the
Irsulin Resistance Syndrome (DLE.S.LR.) cobort & a longitu-
'Hna] rTHI'JIJ'J g‘.rl‘.m] ]1'3]’.h1.i|3n szﬂl'l]it‘.l ﬁl]]},l '16']’;1“.']
elsewhere [15]. We amessed the assocation of SNPs
921438 and mslOTIBTH0 with vadation in quantitative
metabolic trais Tasting glocose, fasting insulin, gycated
haemoglobin [Ale], homeostass mode] of pancreatic beta-cell
function [HOMA-B] and homeostasis model of imsulin
restitance [HOMA-TIR]) in 4,760 non-diabetic DES.LR.
participants,

= Corbeil study. We amesed the association of SNPs rab021438
amd rsl0TIBTH0 with varfation in quantitative traits related to
Tm ]"i'nm']l]lr':'n"]i“:m—i'Jm {"ﬂl‘m‘.ﬁﬂ] glmﬂl]ﬂr ﬁh—
tion rate [¢GFR], urinary albumin/cmatinine ratio [ACR]]) in
1,970 participants with T2D from Corbeil [13].

= Diab2-Niphrapine (D2NG) study. We amesed the msociation of
SNPs rsfi02 1438 and s 10738760 with variation in quantitative
traits related o T?D micnonasoular l:l]]'l'l]i"l:!.‘h‘l:ll’ﬁ {.-GFI! and
ACR) in 1510 participants with T2 from the DING study
[14].

- Cave-cmirad _\ﬁdy\ﬁl dl.nbdrn;ﬁﬁnﬁduﬁy nn.n‘rzﬁuflnﬂ!y. 'Pan'l:i]mnB
with T2D) from Cordiel or the DING study wen inchsded in
this analysis.

In the Corbeil study, we defined patients with a stage of kidney
disease higher than 2as cases (see detaib below) in the analyses for
association with diabetic nephropathy (Ne, o= 689). Normoalbu-
minurk: controls were required © hae 3 duration of diabetes =10
years (Nppq= 570). For the amalyss of munopathy, 506 T2D
individuak from Corbeil were induded as cases, while controls
[Nated = 591) were required to have a duration of diabetes =10
years and no signs of retinopathy. In cases, retino pathy was staged
as background, sewere nonproliferathve or pmolikmative; and
macular edema was staged = presentfalsent acconding o
Tundescopy by a trained ophthamologst, and a retinal angiogra-
]1}]', Oar an lJ]’.i':!] l:')}l‘.“‘.r’:". hm:gm]]}]:[ {(Tm “']-”‘.r] IJIITJ.IH]]?
indicated.

In the DING study, diabetic retinopathy was considered forall
panicipans with a similar ophthalmologist-based  classification
fl:::-.s: ,h'}p_,w:= EFI-R; comntrok: ,N%n_;.q—_ =l’:m]. Al ]mﬁo:rﬂs WETE
corsidered for their retino pathy sage. With regards to renal stats,
cases were identified & patents presenting with different stages of
remal imolwement Gee detak below) and with retinopathy (o
emure the specficity of diabetc nephropathy) (Npope= 551).
Cl]nmlk WETE mmm]]]l]"; mﬁ: nﬂl] m]’n"ﬂ] “‘.m] ﬁm'ﬁ]ﬂ
patents with a known TID dumtion 2210 years (Npope= 287).
Furthermore, any subjects Gaking angiobersin-oom ve riing— ey
[ACE) inhibitors or angiotensin 11 receptor blockers (AR Bs) were
excluded from the oontrol ﬂ:n]ﬂr_ This ]1]'xmulﬂ)r. was ot
avaiable in the Corbell shudy, which comstitutes a limitation of this
study as ACE inhibitors or ARBs intake can influence the ACR
and ths lead 0 a possible owerestimation of the number of
controk.

'L—ﬂ:,lu:rni: stahs was defined m:um]ing to 1997 American
Diabetes Amocition criteria [20): normal gucose, defined as
[asting  plasma ghoose <061 mmaol/1 withowt  hypoghycemic
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treatment; and TID, defined = Gsting plam ghoose
=1.0 mmaol/l and for treatment with ypogheensie agents,

Clinical data Tr.lalirxg o m]ﬂ]n:]uﬂly were defined as follows: 1/
Stage T microdbumimintia defined as ACR =30 mg/yg [3.5 mg/
mmaol] and <300 mg/g [35 mg/mmal] (at three corsecutive
memsurements); i Stage 3 macmalbumimuna defined as ACR
=300 mg."’g [35 mg.'"m rul)]] I:'al three comecutive ma:mmn)tmL{l;
and @i/ Sages =4 GFR <3 ml/min/1.73 n:.}, or patients
urlergoing diayst or having recetved a Kdney tramsplant,

All studiess were approned by the Jocal ethical committees from
France: OPP [Comite de Pmstection des Personmes] of Lille,

Erembn-Bicstre, Corbed-Fasonnes, Poiters and Paris and from

Table 1. Association of SNPs rs692 1438 and rs10738760 with T2D risk in two European case-control studies.
X frequency
SNPs Stud ies ()] N T (%) ¥X Pe) XK %) Oft [35% a1 4
re6921438 (G alele=X French contrels 525 3745  @e) {2300 1,534 (49.0) 1,080 {z20) - -
h-alele=Y)
French cases 555 6908 1367 (198 3402 493 Zimao) 115 1.071.22)  37«W07°
Danish controls s08 2p00 590 (I2T) 1,324 (509 686 (26 d) =
Danish cases 518 3534 857(243) 1753 (A7) 94 (259 102 S0 oss
Combined analysis - = = oz
rs10TIETE0 (Aall =X French controls 504 375 916(244) 1896 (505 94 (250)
G-aliphe= Y]
French cases 506 6314 1733 (250) 3367 MEs) 1819083 058 091006 an3
Danish controls 51z 2592 &11(z38) 1308 (505 673 (3a0)
Danish Cases 503 asnz sr{ns 1796 (51.1) S8 (253 104 {0102 a0
Combined analysis k-]
(¥ from additiee bogistc regression maodek adusted for age and gender
F.20 type 2 disbetes; OF odds mtiq; Cf confidence intarvall £ Paalue.
doi 10137 1o umal pone O055921.1001

#MNCTONZEY2ET) as being in accondance with the Dedaraton
of Helinki, All stwdy patticipants abo gave written informed

corment

Genotyping

All DNA samples wed for the present study were extracted from
blood, Genotyping of SNPs reb021438 and ml0738760 was
performed wing TagMan ssays acconding to the manufacturer's
irstctions {A.]]]l].l‘.l] Eitxy:d.r.nn" AB Ay s C-11542106-10
and C-11257266-10, respeciively). A genotyping sucoess rate of at
least 97% and no deviation fom Hardy-Weinberg equilibrinm
[P 010 5) were olserved in all the stady populations. Furthermore,

Dermmark [Copenhagen]: ClinicalTrials gov-Tde ntifier a total of 182 samples were also asesed by Sanger sequencing,
Table 2. Effect of SNPs re692 1438 and rs10738760 on variation in guantitative metabolic traits in nondiabetic partidpants from
DLESLR.

Mean/median data kevel by genotype
SNPs Metabolic traits N ¥y X p i F isE)* 4
res9F438 ialsle= X Fasting glucose (mmodil) 4800 529055 S2TH053 530054 0012 oo ope
A-allele=Y)
Fasting insulin {pmol ] 4800 395 (8451 392 (FE45eS) 397 (FAT5A0) 0003 @01 s
HOMA& 4600 672 (S10519) 60 ME49aF) 673 ME2919) —0009(0011) k]
HOMAAR 45600 92 |BS13E 91 (a4138] 93 |B513A) 0005 O0E oes
Alc pe] 4800 54104 SATHI IS 545040 U020 {000T] s2x1070
rs107T38T60 (lallee =X Fasting glucose (mmolil) 4502 578+053 SIS S0 0009 o o
G-aliele=Y)
Fasting insulin {pmol A 4507 A5 (FEAS5Z 389 (PESSST) 414 (FATSTI) 0018 0005 053
HOMA-8 4502 GA9 HE4S4%)  AT9 HE1S43) 700 (S1.E97.5) Qo7 o) an
HOMAAR 4502 A9 E513E 184738 98 BE138) 0020 00 aas1
Aic Bl 4502 S43:039 54337040 543040 0006 (L00s] 4T
*Per X-aliede effect sze- coeficent i from addithe Bnear regression madels adpusied for age and gender
Data are presented 25 mean + standard desiaton or median fntesquarile angel Data for fastng sesum sulin, HOMA-S, and HOMAAR wese logarrtmically
transfosmed before statstial maless
HOMA-#, homeostass moded of pancmatc beta coll funciony HOMAR, homaostas maded of insulin msistance; A e giycated hemoglobing SE sandasd arar; O,
conSdenoe mterval; £ Povalue
i 10137 10 urmal pone O0S59E1 102
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Table 3. Association of SNPs re602 1438 and rs10738760 with the risk of T2D micro-vascular complications in the Corbeil and

Y (%) X (%) EERC| OR |35% CI1* e
126 (225) 29 @A 156 (27.5) -
139 (20.4) IFT @TS) T 31 114 (097;1.34) iR 1]
665 (Z11) 129 451 91 3.8 . -
108 19T 250 @457 153 {346 112 {09137 (i "]
- - B - [ala 0
17 () B8 4] 176 (303
110 {z20) 236 4T3 154 f30.5) 097 (082115 ars
123 (19.4) a8 (S04 191 {303
174 (205 383 ) 7 (3 1.08 (093;1.27) oaz
- sy
145 (25.9) 269 (A1) 145 (25.9) . -
184 270 Era ] 175 {251 096 (082112 sl
palrits] 151 (533 &2 g . -
144 (265 249 455 150 {27.5) 107 {0851.31) 48
- - asr
166 (FEE) v i ] 152 (2
121 (241 255 {509 125 {2500 1.06 (090;1.25) a4
150 (3.8 I3 514 156 (24.5)
210 (Z5.4) 407 a3 102 {087 120) ara

210 {254
- s

and a concordance of more than 99% was obsernved for bhoth

SNPs.

Indices calculation

The «GFR was cakouluted using the modification of diet in renal
disease (MDRD) equation as folows:

SGFR = 175 sfereatinine/ B4 7 oage ™™ w0 742 il g-
muale), whene creatinine is in pmol /1 [21].

The HOMA-B was caleulated as:

HOMA-B ={2ﬂ )d’x.-cling serum  irsuli n] ."'l:'ﬁ:.-clirxg ]Jlu.-mm g]u—
ooe— 3.5, where Esting serum imulin & in mU7] and lasting
plasma gheeose is in mmol /1 [22].

The HOMA-TR was caloulated as:

HOMA-IR = Tasting plasma ghocose % Bsting serum imuling/
225, whene Bsting plasma glucose is in mmol /1 and Bsting serum
insulin i3 in pmel /1 [22].

Statistical analyses

We anmalyeed the eTect of SNPs m6921438 and rs 10738760 on
quantitative traits (Feting plama glome, Geting serum imulin,
HOMA-B, HOMA-IR and Alc) using linear regresion models
under an additive model, adusted for age and gender, or for age
and duration of T2D @GFR and ACR). Thata for fasting serum
wnsulin, HOMA-B, HOMA-IR and ACR were logarithmically
tramfommed before statisical am:]y:iii.

The elect of SNPs r692] 438 and = 10TIBT60 on resk of T2D,
metinopathy or nephropathy was asessed using a logsik regression

PLOS ONE | wowir plosone.org

Diab2-Méphrogene [D2ZNG] studies.

SNPs Studies N

re6921438 o Naphropathy Contrals (Corbedll] 561

allele= ¥ f-allele=Y)
Cases (Combeil]) [t}
Contals ([DZNG) 286
Cames {DENG) =T
Combined anabyss -

R tinopa thy Contrals (Corbed) 531

Cases (Combell) =00
Contrals [DENG) 632
Cames (D2NG) a3
Combined anabys -

rs107IBTE0 (A~ Naphropathy Contals (Corbedl) 553

alicle=¥ Gralele=1)
Cases {Coded) 80
Contrals {D2NG) 284
Cases {DENG) =3
Combined anakyss -

e tinopa thy Contrals Corbedl) 580

Canes {Codhedl] L]
Contrals {DENG) 629
Cases {DENG) ri
Combined anabyss -

" (¥ from additie kogistc regression modek adusted for T2D duraton and gender.

O, odds mtia; € confidence intesval; £ Paalue.

do 10137 1 foumal pone D055 1003

muaxde] adjusted for age and gender (T2D) or for T2D duration and
gender retnopathy and nephmopathy).

T'I'l‘. ‘]m!]]"ﬂjﬂ] ﬂ.nﬂ]ymﬁ wWeTe ]*Trlm'm] 1“"“’]5 a “‘ﬂ‘g‘hl“.']
imeerse normal method via the functon “metagen”™, with a fxed
ellect, in the “META" R package. No heterogeneity was olserwed
(P=0.1).

All statistical analyses were pedormed wing SPSS (version 14.0
for WG r)dl:r\.'ni:l,| exoepl cnymlrined arm]!,m:s and statistical Prower
cakulation which were pedormed wing B (version 215.1 for

Windows) and Quanto, respectively,

Results

Effect of SNPs rs6921438 and s 10738760 on the rsk of
T2D and variation in related metabolic traits

We ﬁml.]'y assessed the asocaton between both SNPs
ref021438 and ml0OTIETEN, and TID, in a large TID French
case-control study incheding 6920 TID patents and 3,875
normoghyos e controk,

hing a logistic mgresion adjusted for age and gender (under
an additive mode), we identified a significant ssociation between
the Grallele of rhi9214%8 (increasing circulating VEGF levels [12])
and increased TID risk (odds mLiq:l_[?fr"Jh confidence interval]:
OBR=1.15 [107;,1.22); P=3.74x10 7, Table 1) Of mote, a
meta-aralysis of GWAS reported a significant asociation between
a SNP located olose to FEGFA and waist-hip ratio [23]. In order to
assess whether the :u'grﬁﬁsmnl amociation between rsHh321458 and
TID risk was driven by central obesity, the logistic regresion was
also adpssted for age, gender and BMIL We olserved the same
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Table 4. Effect of SNPs re6921438 and rs107 38750 on variation in guantitative traits related to T2D complications in type 2

magmitude of asocation between sB921438 and TID risk alier
cormection for BMI I:r“l =1.17 [| .ﬂﬂ; 1 H-J]I P=T725x] ﬂ_b; data
it shavwen ).

Funthermore, the same alkle was amocated with higher
gheated haemoglobin (Al levels in 4600 nondiabetic French
participants from the DES LR, study (efedt sive (standard ermr):
p=0.020 (0007 % P= 'ﬁ.lxlﬂ-}; Table ¥. However, no
msoctation with fasting gheose, fasting imuling HOMA-B or
HOMA-TR. was olserved (Table ¥

We then aimed to mplicate the sgnificant asodation of
6921438 with T2D in another Bumpean population. Howewer,
the asmociation between SNP mG021438 and TID risk was not

Mean/median data kevel by genotype

r X xx I (sE1* I
Taaxriz Tsxzx9 19z 12s 08 [0aT) 032
T45E398 TZOEITI prd A5 k] —053 054) 035
00
1.7 i) 16 {02s5s 15 0854 002 jlodT  asz
ERR S 2smied 23 (1eas) —53(45) o
- - 053
ThIx321 TIEEN S T k] 1047 a1z
TiTxi08 TIOXMS Tioxzal —028 [095) OF7
oz
1.6 {0855 1.7 (0xs54) 1.7 jogsd —008 0045070
LR By ] 26 {0%147) 28 (10197 —35(47 045
- - - - [«15]

Data are presented 25 mean = standard deviaion or median ntesguarile mngel Data for ACH wese bgarthmicaly tensfrmed befom stagstial maless.
2 GFR estmated glomenular Siration rate using modifiation of diet in enal diseace (MDRD) formully A (R, winasy albumincratinine atia 720, type 2 disbetes; SE

diabetic paridpants from the Corbeil and Diab2-Néphrogene [D2NG) studies.

SNFPs Quantitative traits Studices N

re6921438 (ralle= X oGFR (mlimin. 73 m®]  Coched 1932

H-albele = Y)
DEnG 1477
Combined 3409
anaksts

ACE (g Cosbeil 1532

D2NG 1448
Combined 3380
o

rs10728760 (Aallee =X o GFR (mliminf.73 II‘] Coshed 1329

G-aliphe= Y]
NG 1468
Combined 3397
anaksts

ACE (mglmmod) Coshed 1529

DN 1438
Combined 3357
o

* Per X-alede effect sre- coeficent i fom additre Bnear regression models adpsied for T20 duration and gender

standasd ermg O confdenoe mterval; £ Povalue

ok 10137 1 journal pane D0559E1 1004

sggnificant in a TID caseontmol study induding 3,524 Thansh
TID ]mh'enL-i and ilﬁﬂﬂ Dianish controk -,‘-l'm =102 [ﬂ.g‘!-ﬂ - |ﬂ];
P=0.66 Table 1) Furthermom, the same SNP Jdid not
significantly contribute o variation in fasting ghwose, fasting
imuling, HOMAB, HOMA-IR or Ale in 5621 nondiabetic
Danish participants fom the Inter99 stody (data not shown),

We also did not olsere any sgnificant asocatdon between the
A-dkle of the second VEGF-asoctated SNP rsl 0738 760 freport-
ed to increase circulating VEGF levels [12]) and increased T2D
rigk (French study: OR =098 [0.91;1.06]); P=0.63; Danish study:
OB =1 .04 [0.95;1.12]; P=0.40; Table 1). Nosgnificant effect of

Table 5. Case numbers needed for reaching a statistical power of 80% according to the expected odds ratio or effect.

Study Statistical Power

Fasting glucosa ontinu us)
Fasting insulin ontinuos)
Mephropathy s contol)
e tinopa thy oo secontml)
eGFR {continuous)

ACR {continu ous)

iRFEEE

] o Mo [, ]
o0 mmak WA 4354 4,760
0o pmald KA 4,354 |4 700]
A 118 1,157 1,242]
A 1.ar 1,285 [1,338]
142 mifmin/1.73 m* £ 3,567 [3,480]
Q.10 mgmmal WA 3,534 [3.4m0]

albumin cmatinine ratia.
o 101137 1o urmal pone. O0S59E1 1005

PLOS OME | wowseplosoneong

Only statisteal power of assodation analses with 3 Paalue shove 005 was anabyed
|4 efiect sre; OR, odds rada; A, not appliable; oGF8, estimated glomenular Siragion eie using modifieion of diet n neral diseace (MDAD) formula; ACK uenary
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the same dlkle on varation in fasting ghose, Bsting imulin,
HOMA-B, HOMA-IR or Alc was olserved (P=0.05; Tahle ).

Effect of SNPs rs6921438 and rs10738760 on T2D-related
microvascular complications and varation in related
traits

We next asesed the efect of both SNPs on the presence of
e tic nr.]l}n'u]ml}]y in two French casecontrol studies fnm“n:i]
and DING), indueding a toml of 1,242 TID patents with
mephropathy and B60 T2D controls,. We did not olserve any
sigrn"ﬁlmnl mu:ixh'un‘ either in the msecontrol nrm]g,mﬁ orin the
combined anabsis (P=0005; Table 3).

We ako assessed the effect of both SNPs on the presence of
diabetic retinopathy in the same French case—control studies,
inchuding a total of 1,336 TID patiens with a retinopathy and
I,E!“ TID controk. Agu‘nl e ] 5'%'ni‘ri:ml amociation  was
olsered, in either of the two cse-contm] amalyses or in the
combined anabss (F=0.05 Table 3. Furthemmom, we did not
olsere anmy :igni‘ﬁu:trrl amoration  between rs6021438  or
1 I0TIBTE0 and macular ederma in patents from the DING study
or Corbel cobort (data not shown), OF note, use of subject age
instead of TED duration in the adjusted regression model did not
mudify the resuls for either diabete mtinopathy or diabetic
rm]:h'u]ml}ry fdala ot 5]1|m'n].

Finally, we asessed the asodation of both SNPs and the
wvariation in quantitathee traits mlted w0 TID microvascular
complicatons (Le. «ZFR and ACR) in a totl of 3,480 French TZD
participants Fom Corbel and DING. No sgnificant asoctation
wats olEerved in these amalyses (0005 Table 4).

Di scussion

We initially olserved a sirong ssociation between the G-allee
of r6021438 (the alleke increasing VEGF levek in the general
population [12]), and increased TFD risk (BMI-adjusted or not) in
the French population. This result was in line with some stadies
which n-.]um.r.d that T2D ]mljmls shne h‘g'n:r VEGF levels
compared with normoghyeemic individuals [12,24.25]. Further-
mmsiore, we found the same allele to be asocated with increased Ale
kevels in a French geneml population sample,

However, we did not confirm these findings in the Dankh
population. OF mote, the frequency of the G-allele was higher in
the French population than in the Danes (32.5% omo 50.8% in
cortrola 55 6% v 51.8% in cases). Therefore, there may he a
g!ugm]]]’l‘l: d’fﬂi an I]'l‘. ﬁ'ﬂ]llﬂnl.‘y 'ﬂ- I}l:is m Nﬂu‘ﬂ"]’]&‘.ﬂl l.n
the intermational DIAGRAM comonium which performed meta-
anahysis of GWAS for TID nsk, the SNP 6021438 was mot
significantly asociated with TZD (N = 8, 130 Nopes, = I896T)
[26]. Furthermore, no significant effect for reb021438 on Alc
N= 46368 [27] or Bstng gucose lewl (N=46,186) [28] was
olsered by in the analyses conducted by the MAGIC comortium
which pedormed meta-arabess of GWAS for glooose- and insulin-
melated traits T]m:sl the sigm'ﬁznl asociation in the French 5l||dy
& likely to be a fake positive result, The secomd VEGF-asociated
SNP ml07THRT60 wa not asocated with TID (or relaed
metabolic traits) either in the French indndduak or in the Danes.

Funthermore, we did not find any significant association of
VEGF-related SNPs 6921438 or rs107 38760 on the presence of
diabetic microvascular complications or vartation in related traits,
These resulis are in line with the data from the CKDGen and
CABe BRenal consortia which did not show army n‘gm‘ﬁumm
contribution of these SNPs o GFR, ACR or microallnaminuria
[29,30,31]. Of note, the CDEGen comortium identified a
gnome-wide sinilicant effect of SNP B8 1858 locaed chse o

PLOS ONE | wow plosone.arg
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VEGFA fand SNP 1s6921438) on «GFR variation [31]. Howewer,
SNPs rsfiB 1858 and reh02 14 38 were not in linkage disequilibrinm
in the HapMap European (CELU) population F=00/I=101),

T]'u:rr.i:n; in the present 5l|u}y| we were urmalile to find a direct
link between SNPs reb21438 and ms10738760, which explain
almest hall of the vanamce in drewating VEGF [12], and rek of
TID, diabetic nephropathy or more imponanly, diabetic e tinop-
athy inchading macular edenma, A limitation of this study which
5}']‘.]'1 1]". L'ﬂkm 1.'rl|.l:l ll:lrJ:ilLﬂ?ltiI:ln “‘J"IL] 1)". a h.l'.k lﬂ- 5mjﬂil:|]
power, to some extent (Table 5. However, even il the stee of the
present study (ontinumes or case-control) was relevant, we were not
ahle to idml.ﬂ'y “ren nlm’gina]]y m'gm'ri:ml eflects lelll: 5].

OF rote, the efect of VEGF was previowsly deady demo mstrat-
ed in diabetic macular edena [32]. Thus, our current negative
result rmst be considered with cantion. Factors driving VEGF
locally may be dilferent from those significantly associated with
varation in plsma lkvel. Ulimately, VEGF might ako be
regulated in the retim by factors largely exceeding the impact of
genetc determinants,

N confirmed in other studies with VEGF kwk and dinical
phenotypes melited o diabetic complications, these fndings would
show that the link between VEGF and T2D and is uml])]i:zd.iuns

might be indireet and mom complex than expected,

Supporting Information

Table §1 Clinical characteristics of the population
studies. Data are presented as mean = sandand deviation or
median (interguartile rmnge). NA, not applicalile or not available,
BMI, body mas index; Hbdle, glwated hemoglobing oGFR,
estimated gomerular Alration mte wing modification of diet in
remal diseae MDRD) formula; ACR, unmary allamin/cneatin ne
ratio; T2D, type 2 diabe tes; DPNG, Diah 2-Niphrogine,; reéino,
case-control study for mtinopathy nsk; nephro, case-control study
For nephropathy risk.
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Wascular endothe lial growth factor (VEGF) is implicated innumerous pathologies throwgh complex rela-
tionships with cellular adhesion molecules (CAMs) and inflsammation markers. These hne mil been
msessed in non-patholegical condiions Dur aim was the svaluation of xsocistions betwesn VEGF
and CAM/inflammation molecules in a haalthy population, and of possible genomic interplays in onder
1o better apprehend the unde rlying mechanisms leading to the pathology. We examined the associations
between VELF and ICANE 1, WCAM-1, E-, L-, P-selacting TNF-2, CEP and 1L-6 plasma levels in 4058 healthy
individusls Gene expresion of CAM[inflimmation molecules and VEGF soforms (121, 145, 165, and
185) were quantified in peripheral Bood mononuclear cells (PEMOs L The ellect of four genetic vananis
[explaining ~50 of the heritability of circulating VEGF levels) and of their interactions on plasma and
mENA levels of CAM/inflammation molecules was examined. VEGF was associated with ICAM-1 and
E-selectin in plasma_ In PEMOS, VEGFys MENA Wi assaciated with ICAM-1, L-5alectin and THF- 2 @xpres-
SO0 Intersctions of the genetic variants were shown Lo aflect ICAM-1, E-selectin, 1L-6 and THF-= plasma
levels, while rs44 16670 was associated with Lselectin expression These findings propase a bislogical
connection between VEGF and CAM finflammation markers Common genetic and transer ptional mech-

anisms may link these molecules and contral their effect in healthy conditions.

= 2012 EBevier Lid. All rights reserved.

1. Introduction

Vascular endothelial growth factor (VEGF) is a multifunctional
cytokine that shows distinguished functionsin angiogenesis, lym-
phangiogenesis, vascular permeability, and hematopoiesis |[1].
VEGF has been linked with a number of vasmular pathologies
including camdiovascular diseases (ischemic heart disease, heart
failure, stroke). VEGF is a highly conserved, disulfide-bonded di-
meTic glycoprotein of 34—-45kDa and it is produced by several cell
types including fibroblasts, neutrophils, endothelial cells and
peripheral blood mononuclear cells (FEMCs) and macrophages
|12]. Six isoforms of human VEGF, which range from 121 to
206 amino acd residues, have been identified. VEGF;4, and
VEGFms have a key mle during the angiogenesis of the human
ovarian as well asin bone and wound healing |1.3.4] VEGFizz also
has a broad tissue expression and may have not been easily
detected earlier due to confusion with VEGF g | 5]

* Comesponding  author. Address: “Candiovasaular Genetic™ Reseanch Umit,
EALY73, University of Lorraine, 30 Rue honnois, F58000 Mancy, France. Tel: <33
(06076025 6; fax: <33 (D832 1320

E-mail address: Sophie. Vis vikis-Sie @@insermfr (5 Visvikds-Siest)

! Equal first authors.

104 3-2666/5 - see front mater & 2012 Elsevier Ltd. All ights reserved.
hty: ffche d o org 100107 G/ oyto 2012 10024

Elevated circulating VEGF levels have been also observed insev-
eral types of cancer and in varous other disorders, for example:
ischemic heart disease, diabetes, mproductive, immune-inflamma-
tory disorders |6,7).

The expression of the VEGF isoforms regulate the gene expres-
sion of cellular adhesion molecules (CAMs) and inflammation
markers. Cellular adhesion molecules (CAMs) are cell membrane
receptors that mediate several interactions known to play a key
rale in a variety of physiological and pathological conditions re-
lated to traffic and intermactions between cells, cell-matrix contact
and in determining the spedficity of cell-cell binding |8). Their
participation in the development of the atherogenic plaque is well
described |9). Furthermore, atherosclerosis is characterized by
chronic inflammation and inflammation markers have been associ-
ated with cardiovascular pathologies | 10].

Indeed, complex relationships have been ohserved between
VEGF, CAM and inflammation markers in many diseases and espe-
dally in cardiovascular-related phenotypes. For instance, some
studies reported the involvemnent of E-, P- and L-selectin, vasoular
cell adhesion molecule 1 (WCAM), intercellular adhesion molecule
1 (ICAM-1) and interleukin 6 (IL€) in angiogenesis [11]. Also,
hypoglycemia has been shown to increase circulating levels of
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VEGF, IL-6, E-selectin and ICAM-1 in healthy individuals and in pa-
tents with type 1 diabetes |12]. Moreower, it is noteworthy that
severdl reports linked angiogenesis and inflammation, highlighting
a key role of TMF-x {tumor necrosis factor-ax) and CRP (C-reactive
protein) [13-15]. Other important infllmmation marker is
interleukin & (IL-6). This anti- and pro-inflammatory cytokine is a
primary determinant of the hepatic production of CRF |16]. Recent
studies indicated the simultaneous increasing of 1L-6 and VEGF
droulating levels in some pathological conditions such as ovarian
hyperstimulaton syndrome induced asctes, diabetes, visceral
obesity, cancer and hypertension [17-21). Furthermore, [L-6 seems
to  induce WVEGF expression in diabetic nephropathy and
rheumatoid arthntis [22,23 ). Serum levels of soluble adhesion maol-
ecules have also been correlated with serum levels of some acute
phase pmteins such as CRP in individuals with breast ancer
|24]. In addition, in patients with hepatic cancer, the levels of sol-
uble P-selectin have been assodated with plasma levels of VEGF sz
25}

The assessment of these relatonships in different pathologies is
progressing; however, due to the complexity of the pathophysio-
logical mechanisms implicated in a disease, the origin of these hio-
logical connexions is difficult to be interpreted Themfore, their
imvestigation in the healthy state, where there is no implication
of evident pathology, could offer important information concern-
ing the physiological connexions between these moleqiles before
the development of a specific disease. This could also be the key
for the better understanding of the VEGF biological roles. However,
to our knowledge, there is no published study of the link between
VEGF and both CAM and inflammation markers in a healthy
population.

Themrfore, the aim of this study was to examine the assodations
between VEGF and ICAM-1, VCAM-1, E-, L- and P-selectins, TNF-ux,
Il-6 and CRP in plasma of supposed healthy individuals. Further-
mare, we seek to investigate whether there i= a relationship in
expression profile of these molecules in peripheral blood mononu-
clear cells (FEMCs). Finally, we thought to assess possible genetic
links between these molecules. We have recently identified four
single nucleotide polymorphisms (SNPs) (rs6921438, rs44 16670,
rs6293770 and rs1073ETE0) explaining ~50% of VEGF cirulating
levels hertability |7]. Thus, we aimed to determine possible asso-
dations of these SNP's with plasma levels of CAMinflammation
markers, as well as their effect on gene expression in PEMCs.

2 Materials and methods

21, Smdy populztion

The STAMISLAS Family Study (5F5) is a 10-year longitudinal sur-
vy imvo lving 1006 volunteer families from Vandoewvre-lés-Nancy,
France between 1993 and 1995 [26] Individuals with chronic dis-
orders ( cardiovascular diseases or cancer) ar having a personal his-
tory of cardiovascular disease were not included, as the aim of the
study was the assessment of genetic susceptibility factors on the
variability of intermediate phenotypes in physiological conditions
without the influence of any long term medication and disease.
The study protoool was approved by the Local Ethics Committee
aof Nancy and all subjects gave written informed consent for their
participation in the study. Four hundred and three unrelated adults
collected during the second examination of the SFS were involved
in the present study for which all data were available

22 Laborotory megsurements

Blood zamples were collected after overnight fasting. Sodium
EDOTA-plasma was separated by centrifugation at 2000g for

15min at 4 °C and stored at —196“C in ligquid nitrogen until anal-
ysis. Circulating plasma levels quantification was performed by
Ramdox [rd (Crumlin, UK) using a biochip amray analyzer
{Evidence™) | 27].

Plasma IL-6, TNF-ax ICAM-1, E-, L- and P-selectins were deter-
mined by a commercially available enzyme-linked immunosorbent
assay (ELISA ) (R&D Systems, UK) according to the manufacturer's
instruction. Concentrations of plasma CRP were determined using
the BN Il nephelometer (Gemmarny ).

Before the quantification of CAM and inflammation molecules,
we tested the effect of the procedures of storage and sample collec-
tion on their concentrations. Fresh and frozen state had no signif-
icant effect on the concentration of the different molemules except
from VCAM-1, which was less stable. Thus it was not induded in
the analyses of the present study.

23 Gene expression analysis

PBMCs were isolated by centrifugation on a density gradient of Fi-
coll [28] (Fcoll-Pagque™ PLLUS; Amersham BioScences). Total RMAs
were extracted from PEMCs with a MagMaPure automate, using
the MagNA Pure LC RNA HP isolation kit and RNA HP Blood External
lysis protocol (Roche Diagnostics, France) in short period of ime
after cell isolaton. Rewverse tmnscription of total RNAS were per-
formed using 200units of M-MulV Reverse Transcriptase with
0.25 pg of oligos{ dT){ Fromega, France ) according to a previoushy de-
scribed protocol [29 | Quantification of the tmnsoipts coding for the
VEGF isoforms (VEGF121 |antisense: 5-CTCggCT TeTCACATTTTTC-3
and probe: 5-TeCAgACCAAAEAAAEATAZCAAEACA], VEGF145 |anti-
sense 5-CTTeETCACATACECTCCAEEAC-3" and pmobe: 5 AAACEAAAZ
CeCAAEAAATCCCeeTA-3], VEGF1 65 [antisense: 5'-GCTTTCTCCgCTC
TehApCA-3* and probe: 5-AgCAARACAAgAAAATOCCT gTeee(C-37]
VEGFI B9 |antisense: 5-CCALC CAggAC-F and probe:
5 -ApCAAZACAAEAAAAAAMATCAETTC sAZEAAA-F ), ICAM-1, E-, L-,
P-selecting, TMF-x, [L6 and the beta 2 microglobulin (f2M) control
gene were performed using TagMan™ and LightCycler technologies
(LCTagMan Master Kit, Roche Diagnostics, France ). It should be men-
tioned that a commaon VEGF forward primer (5 -gAgCTTCCTACAZCA
CAACAAN-T) was designed based on the fact that all VEGF isoforms
share exons 1-5. All experiments were performed in duplicate. RT-
PCR optimization and specficity of Real Time-PCR products were
conducted using SYBR®™ Green technology (LC FastStart DNA
Master™ SYBR Green | kit, Roche Diagnostic, France], melting
curves analysisand agarose gel electrophoresis of the PCR amplicons,
as previously described | 29). VEGF, g3, VEGF 3, E-selectin and (RP
expression in PEMCs were not quantified due to their insufficient
expression in this cell type. In total, available mENA data existed
for a subsample of 65 subjects. All mENA levels were normalized
to the mRMA levels of f2ZM gene. Total VEGF mEMA was calculated
as the sum of the ratio of the four isoforms present in PEMCs.

2.4, Genotyping

SMPs rs6921 438, rsd416670, rsb293770, and rs1073ETE0 were
genotyped by  Genoscreen  (http:/fgenoscreenfr], using a
Sequenom iPLEX Gold assay-Medium Thmughput Genotyping
Technology |30). The significant results of this study were com-
pared to previous findings in the literature (previous GWAS) by
imputation analyses using Plink. SNPs with a cormlaton coeffi-
cient z BIE were considered in linkage disequilibrium (LD}

2.5, Storistical analysis
Continuous variables are presented as mean value + standard

deviation and categorical varables are given in percentages.
Hardy-Weinberg equilibrium was tested using the chi-square test.
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All molecules blood concentrations were log-tansformed to nor-
malize their distribution. Similar transformation was performed
for mRMA values for all variables with exception of VEGF,z: and
VEGF, 5 whose values were normally distributed and [L-6 whaose
values were In-tansformed to achieve nomal distribution.

Linear regression models adjusted for age, gender and body
mass index (BMI) were used to test possible assodations between
VEGF related SNP's and plasma levels of the adhesion finflammation
maolecules. Similar linear regression models adjusted for age and
gender and BMI were applied for the assessment of associations
between VEGF mENA levels and mBNA levels of these molecules
and between the four SMPS and blood levels and mEMNA levels of
the assessed markers.

For the SMPs associations analyses an additive model was used.
Resulis are presented using the minor allele as mference allele

The assessment of gene + gene epistatic interactions was tested
using all possible 2 = 2 combinations bebeeen the four SMPS. In
the regression models adjusted for age, gender and BMI, two SNPS
and their interactions term were added in order to test the assod-
ation of these interactions with adhesion/inflammation molecules
plasma levels only. Epistatic interactions were not assessed for
assocations with mEMA levels due to the small sample size with
available transcriptomic data and the low statistical power to as-
sess this type of interactions.

All analyses were performed using PLIMK 107 (heepe)f
pngwmgh.harvardedu/ purcell/plink) [31] and the SPSS 16.0(SPSS,
Inc., Chicago, [llinois) statistical software. Significance was deter-
mined at a two-tailed P =0.05 level.

3. Results

The general characteristics of the studied population and of the
four VEGF-related SNPs are presented in Tables 1-3 respectively.

3.1. Associotions of VEGF plosmua levels with plasma levels of CAM and
mflimmation molecules

VEGF plasma levels were assodated with 1CAM-1 levels in
regression models adjusted for age, gender and BMI (beta = (LO43,
P=0.023) and with E-selectin (beta = 0085, P= 0L039) (Table 4).

32 Amodations of VEGF iroforms mRNA and gene expression of CAM
and inflsmmation moleoules

We then assessed the association between total and four VEGF
isoforms and gene expression of [CAM-1, P- and L-selectin, TNF-x,
and [L-6 in PBMCs. VEGF165 mRNA was the most abundant ex-
pressed isoform by PEMCs. In regression models adjusted for age,
gender and BMI, total VEGF mRMA was assocated with TMF-x
mREMA levels (beta: 0412, P= 0015), while VEGF, 4 isoform was

Table1

Characteristios of study population (n = 413}
Variable Mean" =D
Age (years) 24450 4500
Gender (2] malke 504
Body mass index {kgim? ) 249 L]
Vazcular endothelia] growth factar (pgiml) L2748 43730
Interbeukin & {pgimi) 1376 1485
Tumar necosis Boior 2 (pgiml) 23W 4 538
E-selactin {mgfl) f1159 25802
L-selectin (mg/T) 106G CLEE Elink ]
Peseletin (mgil) 128917 42891
Coreartive protein (mg/l) 1794 143

Intercellular adhesion malscule-1 (mg/l) 2I0ry ARG

* Mean values for continuous variables and penenges for categori @l variables.

significantly assocated with [CAM-1 mRMA  (beta=0353,
P=0,021), L-selectin mENA (beta-0611, P-0.001) and TNF-x
mRMA (beta = 0616, P= 0.001) (Table 4). The other VEGF isoforms
were not significantly assodated with gene expression of the as-
sessed moleles.

33. Assocations of 6921438, rs&d 16670, rs6993770, rs10738760
and their epistatc interactions with plosma levels and ranscripes of
CAM and inflammation molecules

Significant epistatic interactions were identified for plasma
VEGF, E-selectin, TMF-a, ICAM-1 and IL-6 levels (Tahle 5, Supple-
mentary Table 1) In particular, an interaction  between
rsEA93770 (TA genotype and T allele) and rs10738760 (G allele)
was assodated with increased levels of ICAM-1 and E-selectin.
The T allele of rsR293 770 interacts with the C allele of 4416670
and the A allele of rs6921438 to increase IL-6 levels, while a de-
crease in L6 levels were observed due to an interaction between
rs1073BT60 (A allele) and T allele of m4416670 and the G allele of
rs6921438. Moreover, the A allele of mE921438 was associated
with increased VEGF levels when combined with the A allele of
rs1073B760 and increased levels of TNF-x in the presence of the
C allele of m44166T0.

A significant association was observed bebween rsd4 16670 and
mBMA levels of L-selectin (beta = 0,196, P=0039). No other signif-
icant association of the genetic vadants with mRMA levels was
ohserved.

4. Disoussion

In the present study, we assessed the relationship between
VEGF and CAM and inflammation molecules in healthy state condi-
tions and by a multi-dimensional approach: associations in plas-
ma, in gene expression in PEMCE, common genetic determinants
and possible functional effects of these determinants on gene
expression. In all these levels, significant results that may explain
the physiological relationships between these molecules were
ohserved.

VEGF plasma levels were positively associated with ICAM-1 and
E-zelectin. To the best of our knowledge, this is the first study to
report a relationship between VEGF, the main angiogenic factor,
ICAM-1, the mediator of leukooytes irmed-adhesion to endothelial
cells and E-selectin, the mediator of leukooytes mlling on vascular
endothelium |31). CAMs have a pivotal role in angiogenesis [B].
They regulate angiogenesis both indirectly and directly |32].
Amaong the soluble adhesion maolecules, E-selectin and ICAM-1,
have been shown tobe directly angiogenic | 33]. Therefore, the ob-
served assocation of these adhesion molecules with VEGF could be
explained by common angiogenic activides present already in
healthy conditons.

In contrary, no association was found with L- and P-selectins
and with any of the inflammatory markers and VEGF. Unlike
E-selectin which is transcriptionally regulated in endothelial cells,
P-selectin is translocated within minutes after the infammation
stimuli from intmcellular gramiles and promotes the immediate
reattachment and quick rolling of leukooytes over vasmlar surfaces
|34]. Also, L-selectin is cleaved rapidly from the surface of activated
leukocytes | 35). Therefore, in a healthy state, where infllmmation
process is not evident, these two molecules may not have an
important role in the physiological interconnections, with VEGF.
The absence of associations of VEGF with inflammation markers,
further suppaort this hypothesis. CRP has been previously shown
not to be assodated with VEGF levels in a healthy population
|36]. In the umrent study we confirmed this finding and extent it
to other infllammation molecules as well. These results could be
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Table 2
Cene expression levels of study population (n = G5
Warizh s Man® o Rangs
Vasoular endothelial growith factor isofarm 121 SO0 neg 1591210
Vasoular endothelial growth factor isofarm 145 =T na S99 1057
Vasoular endothelial growth factor isofarm 165 589 1353 4145153
Vasoular endothelial growth factor isofarm 139 150 6 34323
Total wasoular endothelial growth Sctor 25478 16416 TH 35815
Imteri=ukin & a7 I3 08281
Tumar negosis Boor BHEa 846 T4 319057
L-selectin 13385 LI ) 2635 530005 2
Pselectin I ELE A G T-9G861
Imtereellular adhesion malsoule-1 1535 1531 5454100
4 Mizan values are presented 2s normalizad ratio with the beta 2 microghbulin (J2M) mntral gene.
Table 3
EMPs choracteristios
Chromo somse NP Function ased tajongene Minar allkle Comman allde Mimar allel: frequancy
L T 214 I mbergemc MOC45491 and MIRPL14 (near VECF) A o LIECL
L Res R LE ] I mbergemc MOC45491 and MIRPL14 (near VECF) i T Lans
- TEE AT Imiranic ZFPM2 T A [ e}
9 a1l TR Imbtergemc WVLDOLR and KiWv2 A G s

ENP: single nucksotide po lymorphism, MGC: Andent (altemative) acomym of Gorfz23 {chromosome§ open reading frame 223 ), MEPL 4: mitochondrial ribasomal proten

114, ZFPM: zinc finger proiein, multity pe 2, VLDIR: very low density lipoprobein receptor, KEONV2: potssium channd, subfmily ¥, member 2.

Table 4

Assodation between plasma VEGF and its tsoforms tramscripts and adhesion and indflammation maoleoulbss, adjusied for age, gender, and BML

VEGF ICAM-1 L-s=l=ctin

E-selectin THF-a

mRNA mENA

mENA mENA

mRHA

Tata VECF
VEGFiz
VEGFia
VEGF g5
VEGFigm
Plasma levels
VEGF

02353 (F=0E) [iL5 B N AT i} ]

LiLite

0212 (F=0015)

616 (F=0001)

The values mrmesponding to beta meffident (Poavdue)

Table 5

Eptstatic interactions of $MPs on blood levels of VEGE, E-sslectin, THFa, KCAM-1 and 116 {regression modds adjusted for ags, gender and BMIL

SMPs rehE2 4

L LE i

5G9 T0 s 10738 Fal

s EE21438
L LE i
L=
5 10738760

THEa (F=0035)
L5 [F= UO02)
L= [ P= DUOAO)

Lt [P =0 000E )
11 [P =0 002)

VECF (Fe=0uin)

E-selectin (P = (041 )
KAM-1 [P=)

explained by the fact that the study population is healthy, thus, the
relationship between VEGF and inflammation markers could be
consequence of the pathology, such as vascular dysfunction (eg.
in individuals with diabetes mellitus) | 37).

Apart from the assodations in the level of plasma concentra-
tons, we examined possible similarities in the expression profile
of CAM(finfammation molecules in PEMC: with VEGF. This cell
type is easily accessible and contain cell types (lymphocytes and
monocytes) that interact with different tissues, thereby probahly
acting as “sensors’ differentiating individuals with CVDs risk, espe-
dally for the pro-inflammatory state | 38.39]. Our results confirmed
this fact that VEGFes is the most abundant VEGF isoform [ 1,3] as
wie found that VEGFyes mRNA is one that prevails in PEMCs. We
demonsirated that VEGF, 4 isoform mBMA is posidvely assodated
with ICAM-1, L-selectin and TMF-x expression while total VEGF
mARMA is associated with THF-x. Mowak et al. [40] have reported

that TMF-x induces a significant up regulation of droulating total
VEGF. Therefore, we could hypothesize that TMF has an effect on
VEGF =splicing.

These associations could indicate the existence of common
transcriptional factors or other molecular mechanisms that regu-
late the expression of these molecules in PEMCs in non-patholog-
ical situations.

The regulation of VEGF levels accurs atthe gene tanscriptional,
translational, and post-translation levels. Upon binding of VEGF to
its corresponding receptor (WVEGFR2) in endothelial cells, three main
pathways promote cell proliferation, migration, survival and nitric
oxide production [31]. These pathways included the Pl 3-kinase
{phosphoinositide) /Akt (protein kinase b) cascade, the tyrosine
phos phorylation of PLC gamma { phosphaolipase ), and the MAPK/
ERK {mitogen-activated protein kinasejfextracellular-regulated ki-
nase] cascade. Among these regulatory pathways the stimulation
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of PLC gamma activates the protein kinase C (PEC) | 29] and then
leads to actvation of MF-kB transcription factor [41] A growing
body of evidence indicates that the activaton of NF-KB induces
expression of ICAM-1 tmnscripts in endothelial cells [42—44]. In
agreement with this concept. Kim and colleagues | 31| have exam-
ined the signal transduction mechanisms by which VEGF induces
adhesionmolecules in human umbilical vein endothelial cells (HU-
VEC=) Indeed, they have shown that VEGF-induced expression of
ICAM-1 is mediated mainly through MF-kB activation Interestingly,
Kiriakidis and colleagues [2] have documented the imvolvement of
the transcripticnal factor MF-kB in the up-regulation of VEGF in hu-
man macrophages to lipopolysaccharde-induced response. Also, it
regulates many of the genes imeolved inimmune and infllmmatory
responses [45] Conceming THF-x, it has been shown to induce
VEGF production via the stimulation of its corres ponding transcrip-
tion factor, HIF1-2 [46] Westra and colleagues 47| have shown
that blocking of TMF-x reduces THF-x induced VEGF production.
Further studies have documented that TNF-x up regulates VEGF
production by synovial membrane cells and PEMCs of patients with
rheumnatoid arthritis |48.49]. It has also been shown that NF-kB is
partly responsible for the up-regulation of VEGF mBENA expression
in response to TWF-a | 50]. Our study revealed that VEGF 4z isoform
mRMA is positively associated with L-selectin.

Concerning IL-6, Hao and colleagues [51] have illustrated that
VEGF; via vascular endothelial growth factor receptor 2-protein ki-
nase [ (WEGFR2-PED ) axis induces the production of some proinflam-
matory cytokines such as -6 in endothelial cells but not in
leukocytes. This could probably explain the lack of association be-
tween VEGF and [L-6 expressionin PEMCs. Also, as mentioned before,
P-selectin’s reactionininflammation is not trancriptionally regulated
|34]. Thus, the absence of commaon expression profile between VEGF
and P-selectin could be explained in non-pathological state

It is important also to mention that the expression of a genein
one cell type does not reflect the total concentration in plasma
Therefore, the assodations between VEGF, L-selectin and TMF-x
mBMA levels are not ex pected to be necessarily present in plasma.
COur transcriptomic approach showed the ublity of this epidemio-
logical modal in identifying unsus pected until now relationships
of these molecules in healthy conditions.

Furthermore, very interestingly, only VEGF, 4 isoform mRNA
showed assorciations with the CAM/inflammation molecules
expression. VEGF 42 binds to heparin but behaves like VEGF 24
with regard to its receptor recognition ability. It also has angio-
genic effects similar to VEGF, 3, and VEGF,z:. Also, among VEGF
isoforms, VEGF, 4 is predominantly expressed in reproductive tis-
sues and in several tumor cell lines derived from female reproduc-
tve organs aswell asin PEMCs of acute myeloid leukemia patients
152,53 | These findings highlight the importance of VEGF;4s in both
vascular and malignant diseases and in combination with our
results in healthy population, may give new directions for further
research conceming the implication of this isoform in the develop-
ment of cancer pathologies.

Finally, as we have previously identified four SMPs that explain
a large percentage of VEGF plasma levels heritahility in healthy
individuals, we sought to examine whether these SNPs could have
an effect on CAM/inflammation traits and whether they could be
associated with their gene expression in PEMCs. Significant epi-
static interactions were revealed. In particular, an interaction
between mEXO3ITT0 (TA genotype and T allele) and rs10738760
(G allele) was associated with increased levels of ICAM-1 and
E-selectin. This result further supports the assodations of VEGF
with these molecules (espedally ICAM-1) in plasma and expres-
sion levels. We also demonstrated multiple epistatic interactions
betwieen the VEGF-related SMPs and IL6 plasma levels. Spedfi-
cally, the T allele of =E293TT0 interacts with the C allele of
16670 and the A allele of rs692 1438 to increase IL-6 levels.

These two latter SMPs show a similar positive interacton with
rs1073IETE0. A complex but common genetic regulaton bebtween
VEGF and IL-6 is thus spemulated However, as no association was
found for [1-6 and VEGF in plasma concentrations and in expres-
sion levels, the effect of SMPS on [1-6 is likely to be independent
from VEGF. Mareover, a significant interaction was detected be-
tween rsdd 16670 and rs6921438 with a positve effect on THF-x
plasma levels.

It should be mentoned that these SNPs have not been previ-
ously associated with any of the CAM finflammation assessed traits.
Themrfore, these interactions may indicate novel genetic markers
for these maolecules. However, replication of these findings is
needed before the establishment of a concusion.

Finally, we examined whether these genetic polymormphisms
had a functional effect on the tmits in terms of gene expression
maodification A positive assodation was identified only for the C al-
lele of rsd416670 with L-selectin mRMA. Mevertheless, this SMP
was not assocated with L-selectin levels; therefore a direct effect
of the SHP cannot be speculated. rs44 16670 could have a function-
ality in L-selectin gene expression modification, indirectly, possibly
through a transcriptional factor or a more complex mechanism As
VEGF; & mRMA was positively assodated with L-selectin expres-
sion, this mechanism could be the common link between the two
molecules and rs44 16670,

The multi-dimensional approach used in this study can be con-
sidered as a strong point of this work in the assessment, validation
and explanaton of the relations between VEGF and adhesion)
inflammation maolecules in healthy individuals, thus giving new
perspectives and hypotheses for further studies in order to identify
the exact molecular mechanisms of VEGF implication in the devel-
opment of specific diseases.

In conclusion, we have addressed in this study for the first time
the asspdations of VEGF with adhesion molecules and a number of
inflammation cytokines in a healthy population We have found
significant assodations of VEGF with ICAM-1 and E-selectin in
plasma concentrmations and common expression profiles for VEGF
and 1CAM-1, L-selectin, and TMF-2 in PBMCs. Finally, epistatic
interactions batween VEGF-related SNP= were shown to affect
the levels of ICAM-1, E-selectin, IL6 and THF-x and the expression
of L-selectin. These findings suppart the existence of complex rela-
tionships between angiogenic, adhesion and inflammation maole-
cules that exist even in non-pathological simations, which should
be taken into account in future studies concerning the implication
of VEGF in related pathologies. Their understanding may promaote
the knowledge of the molecular mechanisms and the understand-
ing of the processes that mediate complex pathologies such as car-
diovascular diseases and cancer.

Drisclosures
Mone.

Acknowledgments

e are deeply grateful forthe cooperation of the families partic-
ipatingin the STAMISLAS Cohort We acknowdedge the management,
reception, preclinical laboratory and medical staff of the Center for
Preventive Medicine of Vandoeuwv re-lés-Mancy ( France). Data make
part of the Biological Resources Center (BRC), Interactions Géne-
Environment en Physiopathologie Cardio-Vasculaire (IGE-PCV ). The
study was supported by the “Biolntelligence™ project

Appendix A Supplementary material

Supplementary data assodated with this article can be found, in
the online version, at http://d:xxdoiorg/ 101016 j.orto 201210024,

120



M Agimi-Nezhad o gl [Cyiokine 81 {2013) G02- 507 &Gy

Referenoe

1] Ferrara W, Cerber HE, LeCouter |. The biology of VEGF and its receptors. Mat
M 20055 G G - TG

|2] Kirizkidiz £, Andreskos E, Monam C, Foowsll B, Fddmann M, Palsalog E VECF
mm in human macophage i NFh."u.B-dq)ﬂdﬂi studiss using

expressing the endogenous NF-kappa® inhibior kappafalpha and

a kinase-defective form of the | lappal kinase 2 | Cell 50 2003116 Pr4 p665-74

|3] Ferrara M Vasaular endothelial growth Goor basic scence and clinical
jprogress. Endocr Rey 2004; 25 410581 <611,

|4] lastnen M, Rstmaki A Honkasalo M, Marko K, Paawonen K, Ritwos (L
Differential hormonal regultion of vaolbr endathelizl guw_'h fciors
WVEGF. VEGF-A and VECFC messenger ribonuckeic add lewels in cultured
human granulesa=luieal olls Endocrinalogy 1987, 12801 14 74856

|5] Dworak HF. Vasomlar permeatility fachorjvasolar endothe] ial growith fador: a
aritical cyiokine in mar angio genesis and 3 potential target for diagnosis and
therapy. | (in Onaol 2002 502 r4368-80

6] Dehette 5, Visvikis-Siest 5, Chen MH, Ndiage NC, Sang C, Destefano A, ot al
Identification of ds- and trans-adting peneticvariants agplaining up to half the
variation in draulating vascular endothelial growth Goor lewels Grc Res
2070717 O 5 55 S

|7] Hann AD, Belgare P, McCollum (N, Siverman S, Lip PL, Lip GY. Vaalar
ndothehal growith Boior and its recaptar, Fit-1, in the phema of patients with
mromnary ar peripheral atherasderosis, ar type | dichetes. (Jin 55 (Lond)
20120 G 2] 18T <54,

|8] Krieglstein CF, Granger DN. Adhesion molemules and their nale in vasaular
disease Am | Hypertens 2001;14(6 Pt 2 j:345-545

9] Galkina E, ley K. Vascular adhesion malecubes in athenosdenasis. Arteiascler
Thromb Vasc Bial 2007 273 11):2282-301.

[10] Wieher . Mosls H. Atherosclerasis: current pathogenssic and therapeutic
aptians. Mat Med 200701700 1)1 410= 22

[11] Yukami T, Hasegawa M, Masushita ¥, Pujita T, Matsushita T, Horlkawa M,
et al Endothelial selectins regulate skin wound healing in moperation with L-
selectin and KAM-1. | Leukoc Biol 200782 3):519-31.

[12] Cogitidzs | M, Hadrington ME, Briscos V], Tat= DB, Ertl AC, Davis M. Effects of
arute hypoghoemiz an inflammatory and pro-atherothrombotic biamarkers
in individuals with type 1 diabetes and heslthy individuals [iabetes Care
2O E3( TIN5 35

[13] Liu M, Liu ], i ¥, Lu P Taﬂ]ibemthdﬂguhsmm inflammatory
activation induced by {-reactive protein in vasaular smooth muscle alls Cd]
Physial Biochem 2000 ;25(4-5 867 -76.

[14] Si=rva M, Ruggiern [ Sorice B Nutile T, .ﬂ.\usuu]d_h.ﬁlxuu_dalﬂndy
mass index i directly =sociated with hiomarkers of angs is and
inflanmation in children and adolescents. Mutrition 20022803 L2626

[15] Slevin M, Matou-Nasri 5, Turu M. Lugque A, Rovira N, Badiman 1. etal. Modified
{-Iucl:i'h:pm s expnessed by stroke neovessds and isa pobent activator
afangiogenesis in witra. Bran Pathal 20002001 )1 51- 65

[LL| Hadd]-N £axs , Drossch £, Zaiou M, Siest O, Ponthisn A, stal IL-6 TNF-alpha
and athersderosis risk indictars in 2 populztion: the
STANELAYS amhont. Atherosclenosis 2000 1 000 2): 277 -85,

[117] Ishikawa T. Kokura 5 Slamoio N, Okajima M, Matauyama T, 53kai H. et al
Relations i p between ciroulating cytokine leves and physica or prychological
functioninginpatientswi thad vancad cancer. ClinBiochem 2012 45 312 07- 11,

[LE| J.}u;'lu_l. wan der Stok EP, Allott EH, Casey R, Donohos 01, Howand | M, =t 2l

inflammatary and tumour prolferative properties of exoess visceral
:pus e tissue. Cancer lett 200731 A1)62-T2

[19] Manna P, 51 PC Impainsd redox signaling and mitochondrial uncoupling

wanitrd butes vasoul ar inflammation and @rdiac dy sfunchion in type 1 diat

28] Mareau b, Mo hr 5. Pfister M. Visvikis-Siest 5. Collection and storage of human
oells for mEMA expression profiling: & 15-month stability study. Gin
Chem 2005510712502

|29] Ehrich M, Bodker 5, van den Boom [ Multiplexed discovery of sequene
palymorphisms using bass-speafic cleavages and MALDEITOF ML Mudsic
Aods Res 2005 33 4)=38

[30] Purcell 5 HNeal: B, Todd-Browm K. Thomas L. Ferreira MA, Bender D, et al
FLINK: a toal s=t for whale- assodation and population-based linkage

analyses. Am | Hum Genet 2007 81(3):559- 75

[31] Kim L Mosan 50, Kim £H, Kim H], Kah ¥%, Koh GY. Vasaular endothehal growth
Bcior expression of intercellular adhesion molsaule 1 (KAM-1) vasaular cell
adhesion malemle 1 (VCAM-1), and E-sdadin through nudear factar-lappa B
activation in endathelia cellc | Bial Cheam 200127601 0761420

I32] PahqthAmmMT::gah&ﬂa]n:nMImP&.h&]}Latal
hmctionz] adhesion molewlel 5 2 soluble mediaor of angogensic |
Immunal 2000;1 85 33177 785,

|23] Kach AE Halloran MM, Hasksll O], £hah MR, Polverin F] Angiogenssis
meed iatesd by salubleforms of E-sd artin and vasolr aell adhesion malsole-1.
Mature 1995376650517 -4

[34] Somers ‘W5, Tang ). Shaw GO, Canphausen KT Insights into the molecular
hasis of leukocyte tethering and rolling revesled by strucwres of P- and E-
sebectinbound o SLX) and PSCL1. 200010313 46779

[35] Zhao L. Shey M, Famsworth M, Dailey MO Reguktion of membrane
meatall deavage of Lselsdin (CDE2]) by the spidermal growth
Bcinr domain. | Biol Chem 2000; 27 6 33): 306 31- 20

|36] Berrahmoune H. Herbeth B, Lamont [V, Masson C, Ategerald PS, Visvikis-Siest
% Henitability for VEGF mneentrabon in the Stanisks family study.
Ann Hum Genet 2007, 71(PE 1 5463

l!ﬂxuj.ImMJ-LMubnﬂ: imsights and therapeutic

thehial dysfunction. Ciroulation 2008, 12301 2 )0 26685,
|38] Aziz H, Zaa= A, Cinshurg €5 Peripheral blood gene expression prafiling for
ardiovascular disesse aoessment. Cenamic 20071 (3-8 010512,

133 Viswikis-Siest 5, Marteau |B Samara A Berrahmoune H, Manie B Plisier M.
Peripheral blood mononudear cells (PEMOs): a possible mode] for studying
@rdiovasoular  biokgy systems. Chin Chem  lab Med  2007,45(9)
1154-68

[40] Mowsk Dawid €. Woolard |emetis, Amin Eliznna Mohamed, Kanopatskayz

Sallesm Moin A, et al | Cell Sci 2008:15 1 21(pt 20): 3487 -85

[41] Ghash & Baltimane [ Adivation in vitro of NFlkappa B by phas phorylation of
its imhibitor | kappa B. Naburne 1950, 348( G267 167 8-82

|42] Boylz |r EM, Kowacich K, Canty |r TG, Morgan EN, Chi E et al Inhibiton of
mudear fador-kappa B mudexr lcdization reduces human E-sslectin
expression and the systemic inflammatory responss. Cironlation 1998;98( 19
(Suppl 2 &2-8

[43] Ledebur HE, Parks TP Transoi phonal mguhlmn af the inteneluler adheson
malemle-1 gene by infammaiory es in human endothelial cells
Essential roles of & variant MP-kappa B site and ph® hamadimers. | Bial Chem
1905, TH2 o 33

[44] Wrightan €] Hofer-Warhinek ®_Mall T, Eytner B, Bach FH_[e MR Inhikitian of
endothelial e=ll activation by adenovine-mediate] expression of | kappa B
alpha. an inhibitor of the tramscripion factor MF-kappa B. | Exp Med
186 1E3 (3 101322

lﬁ|9u]|].kalna:n.u NF-kappall activation in human prostate cancer: &
mediator or epiphenomenan? | Cell Bochem 2004;90) 1) 100-17.

|#6] Mohammadi M, Barrakhani MR Day P|, Ollier WE Vasoulr endathelial

factar production is regul ated by gene pol ymarphisme. tran | Immaunal
FLERTER R

1%7] \HhLMﬂIﬂnﬂ{LHhﬁq{ﬁ}h’m indud ble fctar-1 as regulaior of

| arthritis

far dishetic

pratective rale of arjunalic acd. Biochimie 2012 940307 86-97.

2] {]l:nﬂ!l LWu MY, Chen HF, Chenf1, Ho HN, Yang V& Relationships of sserumipro-
mﬂma.tm]' cyinkines and wascular endothelial growth fctor with Tver
dysfunction in sewere ovarian hyperstimulation syndrome. Hum Reprod
20001501 pE-T1.

21] Pﬂsh’ W, Carruthers [, Lip GY, Blann Ab.kghhms}npbatm endathehial,

nflanmatary and angiogenes is markers in rheumatoid arthritis: imphications
icn'cudnmmlu’ pathaphysiology. Thramb Res 2009;123(4 pES0-64

22] Dl]'ﬂ'_lu.c}q'ﬁ Therapeutic trgets in rheumatoid arthritis : the inter] eulkin-

i receptor. Rheumatology ( Choord) 20 104501 11524,

23] Tang 5, Leamg K, Lai KN. Diabetic tubulopathy: an emerging entity. Contrib
Mephral 20071 712434,

[24] Temarova P, Kvasnida | Umbkufova A Homalkova | Kalousova M, Tesar V.
Laluble ad hesion malsoles in female patients with breast carcinoma. Cas Lek
Coesle 0038142 5): 229

|[25] Ferrani F. Spila A, D'Alessandro K. Martini F, Loovone F, Eiome GM, et al

Plaielet activation and wvaslar endothdial growth fagor 165 neleass n
hepatoe] ular @neer. Chn Chim Acta 200 1;412(5-6): 450 -4

[26] Vizvikis-Siest § Siest & Cohort: 2 10-yer follow-up of supposed haithy
familiss. Canessmironment misractons, wvalues and svaluation of
hiomarkers in prevention of cardiovaobr diseases Chn Chem lab Med
2N ST 34T,

27 PJE@:EI:I 2, lamant [V, McConnell K. Benchikh o Development of 2 high-

put amalymer using biochip array technalogy. Clin Chem
2':'!:& CET(TE1 G- TR

esis in - theaapautic implications. Curr Med
Chem 20017 ) 25461

[ 48] Bottomley M| Wiehh M| Watsan €], Halt L Bukhari M, Denton | et 4 Pla=nt
growth factar (PIGF) induces vascular endothelial growth foor (VEGH
seetion from mononuckear cells and s @-egpressed with VEGF in synovial
fluid (in ExpImmunol 2000;119(1):182-5.

lﬂ|PﬂJ:uh;EM..'\'w:g£.!nﬂ:M Malloskey BV, Peldmann M, Maini RN

Modubation of mgogenic vascular endotheliz]l growth factor by tumar
necrosis factor alpha and inberbeukine1 in rheumatoid arthritie Arthritis
R 1598 4 10T ) 25865

|50] Yoshida s, OnoM, Shono T, bumd H shibasho T, Swzuki H, 2l nvolvement of
interleukin &, vasaular endathdial growth fctor, and basic fibroblast growth
Botor in tumor necrasis Boor dpha-dspendent angiogenecis Mal (a1 Bial
19T K TS -2,

[51] Haa . Wang L. Tang H. Vaaular endothelial growth factor inducess protsn
kinze D-dependent production of proinflanmatory oetakines in endothehial
lls Am | Physial Cell Physiol 2008, 206040821 =7,

|52] Paltarak Z, Cohen T,Sivan R, Kanddis ¥, Spira G, Viedavsky L et d. VECF145,2
semeted vasoular endothehial growth Gcior soform that binds to extraelular
matrix. | Bial Chem 199727 X 11:T151-4

53] Mourah £, Parcher K, Lescaille C, Rousselot P, Podgornizk MF, labarchede C,
et 2l Quantifiction of VECF isofarms and VECFR gRT-PCRand
their signifi@nes in aoute my=koid leukemia Int | Biol Markers 200 24(1):
230

121



References

1. Kaliora AC, Stathopoulou MG, Triantafillidis JK, Dedoussis GV, Andrikopoulos NK.
Alterations in the function of circulating mononuclear cells derived from patients with
crohn’s disease treated with mastic. World journal of gastroenterology. 2007;13:6031-
6036

2. Kaliora AC, Stathopoulou MG, Triantafillidis JK, Dedoussis GV, Andrikopoulos NK.
Chios mastic treatment of patients with active crohn's disease. World journal of
gastroenterology. 2007;13:748-753

3. Skouroliakou M, Giannopoulou I, Kostara C, Koutri K, Stathopoulou MG, Kakavelaki
C. Effects of a nutritional intervention in obese postmenopausal women on atypical
antipsychotics. Maturitas. 2010;67:166-170

4. Skouroliakou M, Kakavelaki C, Diamantopoulos K, Stathopoulou M, Vourvouhaki E,
Souliotis K. The development and implementation of a software tool and its effect on
the quality of provided clinical nutritional therapy in hospitalized patients. Journal of
the American Medical Informatics Association : JAMIA. 2009;16:802-805

5. Skouroliakou M, Kastanidou O, Stathopoulou M, Vourli G. Evaluation of the
antioxidant effect of a new functional food enriched with sideritis euboea in healthy
subjects. Journal of medicinal food. 2009;12:1105-1110

6. Skouroliakou M, Konstantinou D, Koutri K, Kakavelaki C, Stathopoulou M,
Antoniadi M, Xemelidis N, Kona V, Markantonis S. A double-blind, randomized
clinical trial of the effect of omega-3 fatty acids on the oxidative stress of preterm
neonates fed through parenteral nutrition. European journal of clinical nutrition.
2010;64:940-947

7. Skouroliakou M, Koutri K, Stathopoulou M, Vourvouhaki E, Giannopoulou I,
Gounaris A. Comparison of two types of tpn prescription methods in preterm
neonates. Pharmacy world & science : PWS. 2009;31:202-208

8. Skouroliakou M, Stathopoulou M, Koulouri A, Giannopoulou I, Stamatiades D,
Stathakis C. Determinants of resting energy expenditure in hemodialysis patients, and
comparison with healthy subjects. Journal of renal nutrition : the official journal of
the Council on Renal Nutrition of the National Kidney Foundation. 2009;19:283-290

9. NIH. Osteoporosis prevention, diagnosis, and therapy. NIH Consens Statement.
2000;17:1-45

122



10.

11.

12.

13.

14.
15.

16.

17.

18.

IOF. Osteoporosis facts and statistics. 2018

Ferrari S. Human genetics of osteoporosis. Best Pract Res Clin Endocrinol Metab.
2008;22:723-735

Li WF, Hou SX, Yu B, Li MM, Ferec C, Chen JM. Genetics of osteoporosis:
Accelerating pace in gene identification and validation. Hum Genet. 2010;127:249-
285

Karasik D, Rivadeneira F, Johnson ML. The genetics of bone mass and susceptibility
to bone diseases. Nature reviews. Rheumatology. 2016;12:323-334

Zhu K, Prince RL. Calcium and bone. Clin Biochem. 2012;45:936-942

Charopoulos I, Trovas G, Stathopoulou M, Kyriazopoulos P, Galanos A, Dedoussis G,
Antonogiannakis E, Lyritis GP. Lack of association between vitamin d and calcitonin
receptor gene polymorphisms and forearm bone values of young greek males. Journal
of musculoskeletal & neuronal interactions. 2008;8:196-203

Stathopoulou MG, Dedoussis GV, Trovas G, Katsalira A, Hammond N, Deloukas P,
Lyritis GP. Low-density lipoprotein receptor-related protein 5 polymorphisms are
associated with bone mineral density in greek postmenopausal women: An interaction
with calcium intake. Journal of the American Dietetic Association. 2010;110:1078-
1083

Stathopoulou MG, Dedoussis GV, Trovas G, Theodoraki EV, Katsalira A, Dontas 1A,
Hammond N, Deloukas P, Lyritis GP. The role of vitamin d receptor gene
polymorphisms in the bone mineral density of greek postmenopausal women with low
calcium intake. The Journal of nutritional biochemistry. 2011;22:752-757

Stolk L, Perry JR, Chasman DI, He C, Mangino M, Sulem P, Barbalic M, Broer L,
Byrne EM, Ernst F, Esko T, Franceschini N, Gudbjartsson DF, Hottenga JJ, Kraft P,
McArdle PF, Porcu E, Shin SY, Smith AV, van Wingerden S, Zhai G, Zhuang WV,
Albrecht E, Alizadeh BZ, Aspelund T, Bandinelli S, Lauc LB, Beckmann JS, Boban
M, Boerwinkle E, Broekmans FJ, Burri A, Campbell H, Chanock SJ, Chen C, Cornelis
MC, Corre T, Coviello AD, d'’Adamo P, Davies G, de Faire U, de Geus EJ, Deary 1J,
Dedoussis GV, Deloukas P, Ebrahim S, Eiriksdottir G, Emilsson V, Eriksson JG,
Fauser BC, Ferreli L, Ferrucci L, Fischer K, Folsom AR, Garcia ME, Gasparini P,
Gieger C, Glazer N, Grobbee DE, Hall P, Haller T, Hankinson SE, Hass M, Hayward
C, Heath AC, Hofman A, Ingelsson E, Janssens AC, Johnson AD, Karasik D, Kardia
SL, Keyzer J, Kiel DP, Kolcic I, Kutalik Z, Lahti J, Lai S, Laisk T, Laven JS, Lawlor
DA, Liu J, Lopez LM, Louwers YV, Magnusson PK, Marongiu M, Martin NG, Klaric

123



19.

20.

21.

22.

23.

24,

25.

26.

IM, Masciullo C, McKnight B, Medland SE, Melzer D, Mooser V, Navarro P,
Newman AB, Nyholt DR, Onland-Moret NC, Palotie A, Pare G, Parker AN, Pedersen
NL, Peeters PH, Pistis G, Plump AS, Polasek O, Pop VJ, Psaty BM, Raikkonen K,
Rehnberg E, Rotter JI, Rudan I, Sala C, Salumets A, Scuteri A, Singleton A, Smith
JA, Snieder H, Soranzo N, Stacey SN, Starr JM, Stathopoulou MG, Stirrups K, Stolk
RP, Styrkarsdottir U, Sun YV, Tenesa A, Thorand B, Toniolo D, Tryggvadottir L,
Tsui K, Ulivi S, van Dam RM, van der Schouw YT, van Gils CH, van Nierop P, Vink
JM, Visscher PM, Voorhuis M, Waeber G, Wallaschofski H, Wichmann HE, Widen
E, Wijnands-van Gent CJ, Willemsen G, Wilson JF, Wolffenbuttel BH, Wright AF,
Yerges-Armstrong LM, Zemunik T, Zgaga L, Zillikens MC, Zygmunt M, Arnold AM,
Boomsma DI, Buring JE, Crisponi L, Demerath EW, Gudnason V, Harris TB, Hu FB,
Hunter DJ, Launer LJ, Metspalu A, Montgomery GW, Oostra BA, Ridker PM, Sanna
S, Schlessinger D, Spector TD, Stefansson K, Streeten EA, Thorsteinsdottir U, Uda
M, Uitterlinden AG, van Duijn CM, Volzke H, Murray A, Murabito JM, Visser JA,
Lunetta KL. Meta-analyses identify 13 loci associated with age at menopause and
highlight DNA repair and immune pathways. Nature genetics. 2012;44:260-268
Ferrara N. Vegf-a: A critical regulator of blood vessel growth. Eur Cytokine Netw.
2009;20:158-163

Nagy JA, Dvorak AM, Dvorak HF. Vegf-a and the induction of pathological
angiogenesis. Annu Rev Pathol. 2007;2:251-275

Amini A, Moghaddam SM, Morris DL, Pourgholami MH. The critical role of vascular
endothelial growth factor in tumor angiogenesis. Curr Cancer Drug Targets.
2012;12:23-43

Holm PW, Slart RH, Zeebregts CJ, Hillebrands JL, Tio RA. Atherosclerotic plaque
development and instability: A dual role for vegf. Ann Med. 2009;41:257-264

Moreno PR, Purushothaman M, Purushothaman KR. Plaque neovascularization:
Defense mechanisms, betrayal, or a war in progress. Ann N Y Acad Sci. 2012;1254:7-
17

Carmeliet P, Jain RK. Molecular mechanisms and clinical applications of
angiogenesis. Nature. 2011;473:298-307

Ladomery MR, Harper SJ, Bates DO. Alternative splicing in angiogenesis: The
vascular endothelial growth factor paradigm. Cancer Lett. 2007;249:133-142
Medinger M, Fischer N, Tzankov A. Vascular endothelial growth factor-related

pathways in hemato-lymphoid malignancies. J Oncol. 2010;2010:729725
124



217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Vuorio T, Jauhiainen S, Yla-Herttuala S. Pro- and anti-angiogenic therapy and
atherosclerosis with special emphasis on vascular endothelial growth factors. Expert
Opin Biol Ther. 2012;12:79-92

Yla-Herttuala S, Rissanen TT, Vajanto |, Hartikainen J. Vascular endothelial growth
factors: Biology and current status of clinical applications in cardiovascular medicine.
J Am Coll Cardiol. 2007;49:1015-1026

Belgore FM, Blann AD, Li-Saw-Hee FL, Beevers DG, Lip GY. Plasma levels of
vascular endothelial growth factor and its soluble receptor (sflt-1) in essential
hypertension. Am J Cardiol. 2001;87:805-807, A809

Blann AD, Belgore FM, McCollum CN, Silverman S, Lip PL, Lip GY. Vascular
endothelial growth factor and its receptor, flt-1, in the plasma of patients with
coronary or peripheral atherosclerosis, or type ii diabetes. Clin Sci (Lond).
2002;102:187-194

Chin BS, Chung NA, Gibbs CR, Blann AD, Lip GY. Vascular endothelial growth
factor and soluble p-selectin in acute and chronic congestive heart failure. Am J
Cardiol. 2002;90:1258-1260

Eaton CB, Gramling R, Parker DR, Roberts MB, Lu B, Ridker PM. Prospective
association of vascular endothelial growth factor-a (vegf-a) with coronary heart
disease mortality in southeastern new england. Atherosclerosis. 2008;200:221-227
Heeschen C, Dimmeler S, Hamm CW, Boersma E, Zeiher AM, Simoons ML.
Prognostic significance of angiogenic growth factor serum levels in patients with acute
coronary syndromes. Circulation. 2003;107:524-530

Hojo Y, Ikeda U, Zhu Y, Okada M, Ueno S, Arakawa H, Fujikawa H, Katsuki T,
Shimada K. Expression of vascular endothelial growth factor in patients with acute
myocardial infarction. J Am Coll Cardiol. 2000;35:968-973

Nakajima K, Tabata S, Yamashita T, Kusuhara M, Arakawa K, Ohmori R, Yonemura
A, Higashi K, Ayaori M, Nakamura H, Ohsuzu F. Plasma vascular endothelial growth
factor level is elevated in patients with multivessel coronary artery disease. Clin
Cardiol. 2004;27:281-286

Slevin M, Krupinski J, Slowik A, Kumar P, Szczudlik A, Gaffney J. Serial
measurement of vascular endothelial growth factor and transforming growth factor-
betal in serum of patients with acute ischemic stroke. Stroke. 2000;31:1863-1870

125



37.

38.

39.

40.

41.

42.

43.

44,

45,

Celletti FL, Waugh JM, Amabile PG, Brendolan A, Hilfiker PR, Dake MD. Vascular
endothelial growth factor enhances atherosclerotic plaque progression. Nat Med.
2001;7:425-429

Inoue M, Itoh H, Ueda M, Naruko T, Kojima A, Komatsu R, Doi K, Ogawa Y,
Tamura N, Takaya K, lgaki T, Yamashita J, Chun TH, Masatsugu K, Becker AE,
Nakao K. Vascular endothelial growth factor (vegf) expression in human coronary
atherosclerotic lesions: Possible pathophysiological significance of vegf in progression
of atherosclerosis. Circulation. 1998;98:2108-2116

Khurana R, Zhuang Z, Bhardwaj S, Murakami M, De Muinck E, Yla-Herttuala S,
Ferrara N, Martin JF, Zachary I, Simons M. Angiogenesis-dependent and independent
phases of intimal hyperplasia. Circulation. 2004;110:2436-2443

Lemstrom KB, Krebs R, Nykanen Al, Tikkanen JM, Sihvola RK, Aaltola EM, Hayry
PJ, Wood J, Alitalo K, Yla-Herttuala S, Koskinen PK. Vascular endothelial growth
factor enhances cardiac allograft arteriosclerosis. Circulation. 2002;105:2524-2530
Moulton KS, Vakili K, Zurakowski D, Soliman M, Butterfield C, Sylvin E, Lo KM,
Gillies S, Javaherian K, Folkman J. Inhibition of plague neovascularization reduces
macrophage accumulation and progression of advanced atherosclerosis. Proc Natl
Acad Sci U S A. 2003;100:4736-4741

Rutanen J, Leppanen P, Tuomisto TT, Rissanen TT, Hiltunen MO, Vajanto I, Niemi
M, Hakkinen T, Karkola K, Stacker SA, Achen MG, Alitalo K, Yla-Herttuala S.
Vascular endothelial growth factor-d expression in human atherosclerotic lesions.
Cardiovasc Res. 2003;59:971-979

Laitinen M, Zachary |, Breier G, Pakkanen T, Hakkinen T, Luoma J, Abedi H, Risau
W, Soma M, Laakso M, Martin JF, Yla-Herttuala S. Vegf gene transfer reduces
intimal thickening via increased production of nitric oxide in carotid arteries. Hum
Gene Ther. 1997;8:1737-1744

Leppanen P, Koota S, Kholova I, Koponen J, Fieber C, Eriksson U, Alitalo K, Yla-
Herttuala S. Gene transfers of vascular endothelial growth factor-a, vascular
endothelial growth factor-b, vascular endothelial growth factor-c, and vascular
endothelial growth factor-d have no effects on atherosclerosis in hypercholesterolemic
low-density lipoprotein-receptor/apolipoprotein b48-deficient mice. Circulation.
2005;112:1347-1352

Nowak DG, Amin EM, Rennel ES, Hoareau-Aveilla C, Gammons M, Damodoran G,
Hagiwara M, Harper SJ, Woolard J, Ladomery MR, Bates DO. Regulation of vascular

126



46.

47.

48.

49,

50.

51.

52.

53.

54,

endothelial growth factor (vegf) splicing from pro-angiogenic to anti-angiogenic
isoforms: A novel therapeutic strategy for angiogenesis. J Biol Chem. 2010;285:5532-
5540

Woolard J, Bevan HS, Harper SJ, Bates DO. Molecular diversity of vegf-a as a
regulator of its biological activity. Microcirculation. 2009;16:572-592

Harper SJ, Bates DO. Vegf-a splicing: The key to anti-angiogenic therapeutics? Nat
Rev Cancer. 2008;8:880-887

Ng YS, Krilleke D, Shima DT. Vegf function in vascular pathogenesis. Exp Cell Res.
2006;312:527-537

Berrahmoune H, Herbeth B, Lamont JV, Masson C, Fitzgerald PS, Visvikis-Siest S.
Heritability for plasma vegf concentration in the stanislas family study. Ann Hum
Genet. 2007;71:54-63

Berrahmoune H, Lamont JV, Herbeth B, FitzGerald PS, Visvikis-Siest S. Biological
determinants of and reference values for plasma interleukin-8, monocyte
chemoattractant protein-1, epidermal growth factor, and vascular endothelial growth
factor: Results from the stanislas cohort. Clin Chem. 2006;52:504-510

Azimi-Nezhad M LD, Ottone C , Perrin C, Chapel C, Gaillard G, Pfister M, Masson
C, Tabone E, Betsou F, Meyronet D, Ungeheuer MN, and Sophie Visvikis — Siest.
Influence of pre-analytical variables on vefga gene expression and circulating protein
concentrations. Biopreservation and Biobanking. 2012;10:454-461

Debette S, Visvikis-Siest S, Chen MH, Ndiaye NC, Song C, Destefano A, Safa R,
Azimi Nezhad M, Sawyer D, Marteau JB, Xanthakis V, Siest G, Sullivan L, Pfister M,
Smith H, Choi SH, Lamont J, Lind L, Yang Q, Fitzgerald P, Ingelsson E, Vasan RS,
Seshadri S. Identification of cis- and trans-acting genetic variants explaining up to half
the variation in circulating vascular endothelial growth factor levels. Circ Res.
2011;109:554-563

Stathopoulou MG, Bonnefond A, Ndiaye NC, Azimi-Nezhad M, El Shamieh S, Saleh
A, Rancier M, Siest G, Lamont J, Fitzgerald P, Visvikis-Siest S. A common variant
highly associated with plasma vegfa levels also contributes to the variation of both IdI-
¢ and hdl-c. J Lipid Res. 2013;54:535-541

Azimi-Nezhad M, Stathopoulou MG, Bonnefond A, Rancier M, Saleh A, Lamont J,
Fitzgerald P, Ndiaye NC, Visvikis-Siest S. Associations of vascular endothelial
growth factor (vegf) with adhesion and inflammation molecules in a healthy
population. Cytokine. 2013;61:602-607

127



55.

56.

S7.

Bonnefond A, Saulnier PJ, Stathopoulou MG, Grarup N, Ndiaye NC, Roussel R,
Nezhad MA, Dechaume A, Lantieri O, Hercberg S, Lauritzen T, Balkau B, El-Sayed
Moustafa JS, Hansen T, Pedersen O, Froguel P, Charpentier G, Marre M, Hadjadj S,
Visvikis-Siest S. What is the contribution of two genetic variants regulating vegf
levels to type 2 diabetes risk and to microvascular complications? PL0S One.
2013;8:e55921

Lawes CM, Vander Hoorn S, Rodgers A. Global burden of blood-pressure-related
disease, 2001. Lancet. 2008;371:1513-1518

Ehret GB, Munroe PB, Rice KM, Bochud M, Johnson AD, Chasman DI, Smith AV,
Tobin MD, Verwoert GC, Hwang SJ, Pihur V, Vollenweider P, O'Reilly PF, Amin N,
Bragg-Gresham JL, Teumer A, Glazer NL, Launer L, Zhao JH, Aulchenko Y, Heath
S, Sober S, Parsa A, Luan J, Arora P, Dehghan A, Zhang F, Lucas G, Hicks AA,
Jackson AU, Peden JF, Tanaka T, Wild SH, Rudan I, Igl W, Milaneschi Y, Parker AN,
Fava C, Chambers JC, Fox ER, Kumari M, Go MJ, van der Harst P, Kao WH, Sjogren
M, Vinay DG, Alexander M, Tabara Y, Shaw-Hawkins S, Whincup PH, Liu Y, Shi G,
Kuusisto J, Tayo B, Seielstad M, Sim X, Nguyen KD, Lehtimaki T, Matullo G, Wu Y,
Gaunt TR, Onland-Moret NC, Cooper MN, Platou CG, Org E, Hardy R, Dahgam S,
Palmen J, Vitart V, Braund PS, Kuznetsova T, Uiterwaal CS, Adeyemo A, Palmas W,
Campbell H, Ludwig B, Tomaszewski M, Tzoulaki I, Palmer ND, Aspelund T, Garcia
M, Chang YP, O'Connell JR, Steinle NI, Grobbee DE, Arking DE, Kardia SL,
Morrison AC, Hernandez D, Najjar S, McArdle WL, Hadley D, Brown MJ, Connell
JM, Hingorani AD, Day IN, Lawlor DA, Beilby JP, Lawrence RW, Clarke R,
Hopewell JC, Ongen H, Dreisbach AW, Li Y, Young JH, Bis JC, Kahonen M, Viikari
J, Adair LS, Lee NR, Chen MH, Olden M, Pattaro C, Bolton JA, Kottgen A,
Bergmann S, Mooser V, Chaturvedi N, Frayling TM, Islam M, Jafar TH, Erdmann J,
Kulkarni SR, Bornstein SR, Grassler J, Groop L, Voight BF, Kettunen J, Howard P,
Taylor A, Guarrera S, Ricceri F, Emilsson V, Plump A, Barroso I, Khaw KT, Weder
AB, Hunt SC, Sun YV, Bergman RN, Collins FS, Bonnycastle LL, Scott LJ,
Stringham HM, Peltonen L, Perola M, Vartiainen E, Brand SM, Staessen JA, Wang
TJ, Burton PR, Soler Artigas M, Dong Y, Snieder H, Wang X, Zhu H, Lohman KK,
Rudock ME, Heckbert SR, Smith NL, Wiggins KL, Doumatey A, Shriner D, Veldre
G, Viigimaa M, Kinra S, Prabhakaran D, Tripathy V, Langefeld CD, Rosengren A,
Thelle DS, Corsi AM, Singleton A, Forrester T, Hilton G, McKenzie CA, Salako T,
Iwai N, Kita Y, Ogihara T, Ohkubo T, Okamura T, Ueshima H, Umemura S,

128



58.

59.

Eyheramendy S, Meitinger T, Wichmann HE, Cho YS, Kim HL, Lee JY, Scott J,
Sehmi JS, Zhang W, Hedblad B, Nilsson P, Smith GD, Wong A, Narisu N,
Stancakova A, Raffel LJ, Yao J, Kathiresan S, O'Donnell CJ, Schwartz SM, Ikram
MA, Longstreth WT, Jr., Mosley TH, Seshadri S, Shrine NR, Wain LV, Morken MA,
Swift AJ, Laitinen J, Prokopenko 1, Zitting P, Cooper JA, Humphries SE, Danesh J,
Rasheed A, Goel A, Hamsten A, Watkins H, Bakker SJ, van Gilst WH, Janipalli CS,
Mani KR, Yajnik CS, Hofman A, Mattace-Raso FU, Oostra BA, Demirkan A, Isaacs
A, Rivadeneira F, Lakatta EG, Orru M, Scuteri A, Ala-Korpela M, Kangas AJ,
Lyytikainen LP, Soininen P, Tukiainen T, Wurtz P, Ong RT, Dorr M, Kroemer HK,
Volker U, Volzke H, Galan P, Hercberg S, Lathrop M, Zelenika D, Deloukas P,
Mangino M, Spector TD, Zhai G, Meschia JF, Nalls MA, Sharma P, Terzic J, Kumar
MV, Denniff M, Zukowska-Szczechowska E, Wagenknecht LE, Fowkes FG,
Charchar FJ, Schwarz PE, Hayward C, Guo X, Rotimi C, Bots ML, Brand E, Samani
NJ, Polasek O, Talmud PJ, Nyberg F, Kuh D, Laan M, Hveem K, Palmer LJ, van der
Schouw YT, Casas JP, Mohlke KL, Vineis P, Raitakari O, Ganesh SK, Wong TY, Tai
ES, Cooper RS, Laakso M, Rao DC, Harris TB, Morris RW, Dominiczak AF,
Kivimaki M, Marmot MG, Miki T, Saleheen D, Chandak GR, Coresh J, Navis G,
Salomaa V, Han BG, Zhu X, Kooner JS, Melander O, Ridker PM, Bandinelli S,
Gyllensten UB, Wright AF, Wilson JF, Ferrucci L, Farrall M, Tuomilehto J,
Pramstaller PP, Elosua R, Soranzo N, Sijbrands EJ, Altshuler D, Loos RJ, Shuldiner
AR, Gieger C, Meneton P, Uitterlinden AG, Wareham NJ, Gudnason V, Rotter JI,
Rettig R, Uda M, Strachan DP, Witteman JC, Hartikainen AL, Beckmann JS,
Boerwinkle E, Vasan RS, Boehnke M, Larson MG, Jarvelin MR, Psaty BM, Abecasis
GR, Chakravarti A, Elliott P, van Duijn CM, Newton-Cheh C, Levy D, Caulfield MJ,
Johnson T. Genetic variants in novel pathways influence blood pressure and
cardiovascular disease risk. Nature. 2011;478:103-109

El Shamieh S, Ndiaye NC, Stathopoulou MG, Murray HA, Masson C, Lamont JV,
Fitzgerald P, Benetos A, Visvikis-Siest S. Functional epistatic interaction between
rs6046g>a in f7 and rs5355c>t in sele modifies systolic blood pressure levels. PLoS
One. 2012;7:e40777

Ndiaye NC, Said el S, Stathopoulou MG, Siest G, Tsai MY, Visvikis-Siest S. Epistatic
study reveals two genetic interactions in blood pressure regulation. BMC medical
genetics. 2013;14:2

129



60.

61.

62.

63.

64.

65.

66.

Froguel P, Ndiaye NC, Bonnefond A, Bouatia-Naji N, Dechaume A, Siest G, Herbeth
B, Falchi M, Bottolo L, Gueant-Rodriguez RM, Lecoeur C, Langlois MR, Labrune Y,
Ruokonen A, El Shamieh S, Stathopoulou MG, Morandi A, Maffeis C, Meyre D,
Delanghe JR, Jacobson P, Sjostrom L, Carlsson LM, Walley A, Elliott P, Jarvelin MR,
Dedoussis GV, Visvikis-Siest S. A genome-wide association study identifies
rs2000999 as a strong genetic determinant of circulating haptoglobin levels. PLoS
One. 2012;7:e32327

Armanios M. Telomeres and age-related disease: How telomere biology informs
clinical paradigms. J Clin Invest. 2013;123:996-1002

de Jesus BB, Blasco MA. Assessing cell and organ senescence biomarkers. Circ Res.
2012;111:97-109

Armanios M, Blackburn EH. The telomere syndromes. Nat Rev Genet. 2012;13:693-
704

De Meyer T, Rietzschel ER, De Buyzere ML, Van Criekinge W, Bekaert S. Telomere
length and cardiovascular aging: The means to the ends? Ageing Res Rev.
2011;10:297-303

Codd V, Mangino M, van der Harst P, Braund PS, Kaiser M, Beveridge AJ, Rafelt S,
Moore J, Nelson C, Soranzo N, Zhai G, Valdes AM, Blackburn H, Mateo Leach I, de
Boer RA, Kimura M, Aviv A, Goodall AH, Ouwehand W, van Veldhuisen DJ, van
Gilst WH, Navis G, Burton PR, Tobin MD, Hall AS, Thompson JR, Spector T,
Samani NJ. Common variants near terc are associated with mean telomere length.
Nature genetics. 2010;42:197-199

Codd V, Nelson CP, Albrecht E, Mangino M, Deelen J, Buxton JL, Hottenga JJ,
Fischer K, Esko T, Surakka I, Broer L, Nyholt DR, Mateo Leach I, Salo P, Hagg S,
Matthews MK, Palmen J, Norata GD, O'Reilly PF, Saleheen D, Amin N, Balmforth
AJ, Beekman M, de Boer RA, Bohringer S, Braund PS, Burton PR, de Craen AJ,
Denniff M, Dong Y, Douroudis K, Dubinina E, Eriksson JG, Garlaschelli K, Guo D,
Hartikainen AL, Henders AK, Houwing-Duistermaat JJ, Kananen L, Karssen LC,
Kettunen J, Klopp N, Lagou V, van Leeuwen EM, Madden PA, Magi R, Magnusson
PK, Mannisto S, McCarthy MI, Medland SE, Mihailov E, Montgomery GW, Oostra
BA, Palotie A, Peters A, Pollard H, Pouta A, Prokopenko I, Ripatti S, Salomaa V,
Suchiman HE, Valdes AM, Verweij N, Vinuela A, Wang X, Wichmann HE, Widen E,
Willemsen G, Wright MJ, Xia K, Xiao X, van Veldhuisen DJ, Catapano AL, Tobin
MD, Hall AS, Blakemore Al, van Gilst WH, Zhu H, Consortium C, Erdmann J, Reilly

130



67.

68.

69.

70.

71.

72.

MP, Kathiresan S, Schunkert H, Talmud PJ, Pedersen NL, Perola M, Ouwehand W,
Kaprio J, Martin NG, van Duijn CM, Hovatta I, Gieger C, Metspalu A, Boomsma DI,
Jarvelin MR, Slagboom PE, Thompson JR, Spector TD, van der Harst P, Samani NJ.
Identification of seven loci affecting mean telomere length and their association with
disease. Nature genetics. 2013;45:422-427, 427e421-422

Gu J, Chen M, Shete S, Amos CI, Kamat A, Ye Y, Lin J, Dinney CP, Wu X. A
genome-wide association study identifies a locus on chromosome 1421 as a predictor
of leukocyte telomere length and as a marker of susceptibility for bladder cancer.
Cancer Prev Res (Phila). 2011;4:514-521

Levy D, Neuhausen SL, Hunt SC, Kimura M, Hwang SJ, Chen W, Bis JC, Fitzpatrick
AL, Smith E, Johnson AD, Gardner JP, Srinivasan SR, Schork N, Rotter JI, Herbig U,
Psaty BM, Sastrasinh M, Murray SS, Vasan RS, Province MA, Glazer NL, Lu X, Cao
X, Kronmal R, Mangino M, Soranzo N, Spector TD, Berenson GS, Aviv A. Genome-
wide association identifies obfcl as a locus involved in human leukocyte telomere
biology. Proc Natl Acad Sci U S A. 2010;107:9293-9298

Mangino M, Hwang SJ, Spector TD, Hunt SC, Kimura M, Fitzpatrick AL,
Christiansen L, Petersen I, Elbers CC, Harris T, Chen W, Srinivasan SR, Kark JD,
Benetos A, El Shamieh S, Visvikis-Siest S, Christensen K, Berenson GS, Valdes AM,
Vinuela A, Garcia M, Arnett DK, Broeckel U, Province MA, Pankow JS, Kammerer
C, Liu Y, Nalls M, Tishkoff S, Thomas F, Ziv E, Psaty BM, Bis JC, Rotter JI, Taylor
KD, Smith E, Schork NJ, Levy D, Aviv A. Genome-wide meta-analysis points to ctcl
and znf676 as genes regulating telomere homeostasis in humans. Hum Mol Genet.
2012;21:5385-5394

Mangino M, Richards JB, Soranzo N, Zhai G, Aviv A, Valdes AM, Samani NJ,
Deloukas P, Spector TD. A genome-wide association study identifies a novel locus on
chromosome 18g12.2 influencing white cell telomere length. J Med Genet.
2009;46:451-454

Prescott J, Kraft P, Chasman DI, Savage SA, Mirabello L, Berndt SI, Weissfeld JL,
Han J, Hayes RB, Chanock SJ, Hunter DJ, De Vivo I. Genome-wide association study
of relative telomere length. PLoS One. 2011;6:€19635

Stathopoulou MG, Petrelis AM, Buxton JL, Froguel P, Blakemore Al, Visvikis-Siest
S. Genetic determinants of leucocyte telomere length in children: A neglected and

challenging field. Paediatric and perinatal epidemiology. 2015;29:146-150

131



73.

74.

75.

76.

77.
78.

79.

80.

81.

82.

83.

Brouilette SW, Moore JS, McMahon AD, Thompson JR, Ford I, Shepherd J, Packard
CJ, Samani NJ. Telomere length, risk of coronary heart disease, and statin treatment in
the west of scotland primary prevention study: A nested case-control study. Lancet.
2007;369:107-114

Aviv A, Valdes AM, Spector TD. Human telomere biology: Pitfalls of moving from
the laboratory to epidemiology. International journal of epidemiology. 2006;35:1424-
1429

Bekaert S, De Meyer T, Rietzschel ER, De Buyzere ML, De Bacquer D, Langlois M,
Segers P, Cooman L, Van Damme P, Cassiman P, Van Criekinge W, Verdonck P, De
Backer GG, Gillebert TC, Van Oostveldt P. Telomere length and cardiovascular risk
factors in a middle-aged population free of overt cardiovascular disease. Aging Cell.
2007;6:639-647

Wang L, McLeod HL, Weinshilboum RM. Genomics and drug response. N Engl J
Med. 2011;364:1144-1153

Hayden EC. Cardiovascular disease gets personal. Nature. 2009;460:940-941

Postmus I, Verschuren JJ, de Craen AJ, Slagboom PE, Westendorp RG, Jukema JW,
Trompet S. Pharmacogenetics of statins: Achievements, whole-genome analyses and
future perspectives. Pharmacogenomics. 2012;13:831-840

Voora D, Ginsburg GS. Clinical application of cardiovascular pharmacogenetics. J Am
Coll Cardiol. 2012;60:9-20

Dorn GW, 2nd. Decoding the cardiac message: The 2011 thomas w. Smith memorial
lecture. Circ Res. 2012;110:755-763

Stathopoulou MG, Monteiro P, Shahabi P, Penas-Lledo E, ElI Shamieh S, Silva Santos
L, Thilly N, Siest G, Llerena A, Visvikis-Siest S. Newly identified synergy between
clopidogrel and calcium-channel blockers for blood pressure regulation possibly
involves cyp2c19 rs4244285. Int J Cardiol. 2013;168:3057-3058

Shahabi P, Cuisset T, Stathopoulou MG, Morange PE, Grosdidier C, Herbeth B, Siest
G, Alessi MC, Visvikis-Siest S. Genetic determined low response to thienopyridines is
associated with higher systemic inflammation in smokers. Pharmacogenomics.
2015;16:459-469

Herbeth B, Samara A, Stathopoulou M, Siest G, Visvikis-Siest S. Alcohol
consumption, beverage preference, and diet in middle-aged men from the stanislas
study. Journal of nutrition and metabolism. 2012;2012:987243

132



84.

85.

86.

87.

88.

89.

90.

91.

Ndiaye NC, Azimi Nehzad M, El Shamieh S, Stathopoulou MG, Visvikis-Siest S.
Cardiovascular diseases and genome-wide association studies. Clin Chim Acta.
2011;412:1697-1701

Visvikis-Siest S, Stathopoulou MG, Ndiaye NC. Common mutations and
polymorphisms  predicting adverse cardiovascular events: Current view.
Pharmacogenomics. 2012;13:1875-1878

Saleh A, Stathopoulou MG, Dade S, Ndiaye NC, Azimi-Nezhad M, Murray H,
Masson C, Lamont J, Fitzgerald P, Visvikis-Siest S. Angiogenesis related genes nos3,
cd14, mmp3 and il4r are associated to vegf gene expression and circulating levels in
healthy adults. BMC medical genetics. 2015;16:90

Rancier M, Zaaber I, Stathopoulou MG, Chatelin J, Saleh A, Marmouch H, El
Shamieh S, Masson C, Murray H, Lamont J, Fitzgerald P, Mahjoub S, Said K,
Tensaout BB, Mestiri S, Visvikis-Siest S. Pro- and anti-angiogenic vegf mrnas in
autoimmune thyroid diseases. Autoimmunity. 2016;49:366-372

Zaaber |, Rancier M, Stathopoulou MG, Saleh A, Marmouch H, Masson C, Murray H,
Kurth MJ, Lamont J, Fitzgerald P, Mahjoub S, Said K, Bel Hadj Jrad Tensaout B,
Mestiri S, Visvikis-Siest S. Plasma vegf-related polymorphisms are implied in
autoimmune thyroid diseases. Autoimmunity. 2016;49:229-235

Choi SH, Ruggiero D, Sorice R, Song C, Nutile T, Vernon Smith A, Concas MP,
Traglia M, Barbieri C, Ndiaye NC, Stathopoulou MG, Lagou V, Maestrale GB, Sala
C, Debette S, Kovacs P, Lind L, Lamont J, Fitzgerald P, Tonjes A, Gudnason V,
Toniolo D, Pirastu M, Bellenguez C, Vasan RS, Ingelsson E, Leutenegger AL,
Johnson AD, DeStefano AL, Visvikis-Siest S, Seshadri S, Ciullo M. Six novel loci
associated with circulating vegf levels identified by a meta-analysis of genome-wide
association studies. PL0S genetics. 2016;12:€1005874

Xie T, Stathopoulou MG, de Andres F, Siest G, Murray H, Martin M, Cobaleda J,
Delgado A, Lamont J, Penas LE, A LL, Visvikis-Siest S. Vegf-related polymorphisms
identified by gwas and risk for major depression. Translational psychiatry.
2017;7:e1055

Azimi-Nezhad M, Mirhafez SR, Stathopoulou MG, Murray H, Ndiaye NC, Bahrami
A, Varasteh A, Avan A, Bonnefond A, Rancier M, Mehrad-Majd H, Herbeth B,
Lamont J, Fitzgerald P, Ferns GA, Visvikis-Siest S, Ghayour-Mobarhan M. The

relationship between vascular endothelial growth factor cis- and trans-acting genetic

133



92.

93.

94.

95.

96.
97.

98.

99.

100.

101.

variants and metabolic syndrome. The American journal of the medical sciences.
2018;355:559-565

Mazidi M, Rezaie P, Kengne AP, Stathopoulou MG, Azimi-Nezhad M, Siest S. Vegf,
the underlying factor for metabolic syndrome; fact or fiction? Diabetes & metabolic
syndrome. 2017;11 Suppl 1:S61-s64

Stathopoulou MG, Xie T, Ruggiero D, Chatelin J, Rancier M, Weryha G, Kurth MJ,
Aldasoro Arguinano AA, Gorenjak V, Petrelis AM, Dagher G, Dedoussis G, Deloukas
P, Lamont J, Marc J, Simmaco M, Schaik R, Innocenti F, Merlin JL, Schneider J,
Alizadeh BZ, Ciullo M, Seshadri S, Visvikis-Siest S. A transnational collaborative
network dedicated to the study and applications of the vascular endothelial growth
factor-a in medical practice: The vegf consortium. Clinical genetics. 2018;56:83-86
Kopin L, Lowenstein C. Dyslipidemia. Annals of internal medicine. 2017;167:1tc81-
itc96

Upadhyay RK. Emerging risk biomarkers in cardiovascular diseases and disorders.
Journal of lipids. 2015;2015:971453

Institute. NHGR. Gwas catalog. 2018

Mahley RW, Rall SC. Type iii hyperlipoproteinemia (dysbetalipoproteinemia): The
role of apolipoprotein e in normal and abnormal lipoprotein metabolism. In: Hill M,
ed. The metabolic and molecular bases of inherited disease New York, NY
2001:2835-2562.

Salah D, Bohnet K, Gueguen R, Siest G, Visvikis S. Combined effects of lipoprotein
lipase and apolipoprotein e polymorphisms on lipid and lipoprotein levels in the
stanislas cohort. Journal of lipid research. 1997;38:904-912

Pallaud C, Gueguen R, Sass C, Grow M, Cheng S, Siest G, Visvikis S. Genetic
influences on lipid metabolism trait variability within the stanislas cohort. Journal of
lipid research. 2001;42:1879-1890

Boerwinkle E, Visvikis S, Welsh D, Steinmetz J, Hanash SM, Sing CF. The use of
measured genotype information in the analysis of quantitative phenotypes in man. li.
The role of the apolipoprotein e polymorphism in determining levels, variability, and
covariability of cholesterol, betalipoprotein, and triglycerides in a sample of unrelated
individuals. American journal of medical genetics. 1987;27:567-582

Haddy N, De Bacquer D, Chemaly MM, Maurice M, Ehnholm C, Evans A, Sans S,
Do Carmo Martins M, De Backer G, Siest G, Visvikis S. The importance of plasma

apolipoprotein e concentration in addition to its common polymorphism on inter-

134



102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

individual variation in lipid levels: Results from apo europe. European journal of
human genetics : EJHG. 2002;10:841-850

Evans D, Beil FU, Aberle J. Resequencing the apoe gene reveals that rare mutations
are not significant contributory factors in the development of type iii hyperlipidemia.
Journal of clinical lipidology. 2013;7:671-674

Hopkins PN, Brinton EA, Nanjee MN. Hyperlipoproteinemia type 3: The forgotten
phenotype. Current atherosclerosis reports. 2014;16:440

Reitz C. Dyslipidemia and the risk of alzheimer's disease. Current atherosclerosis
reports. 2013;15:307

Shepardson NE, Shankar GM, Selkoe DJ. Cholesterol level and statin use in alzheimer
disease: li. Review of human trials and recommendations. Archives of neurology.
2011;68:1385-1392

Mahoney-Sanchez L, Belaidi AA, Bush Al, Ayton S. The complex role of
apolipoprotein e in alzheimer's disease: An overview and update. 2016;60:325-335
Lane-Donovan C, Wong WM, Durakoglugil MS. Genetic restoration of plasma apoe
improves cognition and partially restores synaptic defects in apoe-deficient mice.
Journal of molecular neuroscience : MN. 2016;36:10141-10150

Yen FT, Roitel O, Bonnard L, Notet V, Pratte D, Stenger C, Magueur E, Bihain BE.
Lipolysis stimulated lipoprotein receptor: A novel molecular link between
hyperlipidemia, weight gain, and atherosclerosis in mice. The Journal of biological
chemistry. 2008;283:25650-25659

Stenger C, Corbier C, Yen FT. Structure and function of the lipolysis stimulated
lipoprotein receptor in chemical biology, prof. Deniz ekinci (ed.). InTech. 2012:pp.
267-292

Narvekar P, Berriel Diaz M, Krones-Herzig A, Hardeland U, Strzoda D, Stohr S,
Frohme M, Herzig S. Liver-specific loss of lipolysis-stimulated lipoprotein receptor
triggers systemic hyperlipidemia in mice. Diabetes. 2009;58:1040-1049

Bihain BE, Yen FT. Free fatty acids activate a high-affinity saturable pathway for
degradation of low-density lipoproteins in fibroblasts from a subject homozygous for
familial hypercholesterolemia. Biochemistry. 1992;31:4628-4636

Yen FT, Mann CJ, Guermani LM, Hannouche NF, Hubert N, Hornick CA, Bordeau
VN, Agnani G, Bihain BE. Identification of a lipolysis-stimulated receptor that is
distinct from the Idl receptor and the Idl receptor-related protein. Biochemistry.
1994;33:1172-1180

135



113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Stenger C, Pincon A, Hanse M, Royer L, Comte A, Koziel V, Olivier JL, Pillot T, Yen
FT. Brain region-specific immunolocalization of the lipolysis-stimulated lipoprotein
receptor (Isr) and altered cholesterol distribution in aged Isr+/- mice. Journal of
neurochemistry. 2012;123:467-476

Pincon A, Thomas MH, Huguet M, Allouche A, Colin JC, Georges A, Derrien A,
Lanhers MC, Malaplate-Armand C, Oster T, Corbier C, Pillot T, Olivier JL, Yen FT.
Increased susceptibility of dyslipidemic Isr+/- mice to amyloid stress is associated
with changes in cortical cholesterol levels. Journal of Alzheimer's disease : JAD.
2015;45:195-204

Daneman R, Zhou L, Agalliu D, Cahoy JD, Kaushal A, Barres BA. The mouse blood-
brain barrier transcriptome: A new resource for understanding the development and
function of brain endothelial cells. PLoS One. 2010;5:e13741

Sohet F, Lin C, Munji RN, Lee SY, Ruderisch N, Soung A, Arnold TD, Derugin N,
Vexler ZS, Yen FT, Daneman R. Lsr/angulin-1 is a tricellular tight junction protein
involved in blood-brain barrier formation. The Journal of cell biology. 2015;208:703-
711

Bowman GL, Kaye JA, Quinn JF. Dyslipidemia and blood-brain barrier integrity in
alzheimer's disease. Current gerontology and geriatrics research. 2012;2012:184042
Salameh TS, Rhea EM, Banks WA, Hanson AJ. Insulin resistance, dyslipidemia, and
apolipoprotein e interactions as mechanisms in cognitive impairment and alzheimer's
disease. Experimental biology and medicine (Maywood, N.J.). 2016;241:1676-1683
Brulliard M, Ogier V, Mejean L, Bonnard L, Bihain B, Yen F. A polymorphism of the
lipolysis-stimulated lipoprotein receptor gene is associated with elevated plasma
triglycerides and Idl cholesterol in obese subjects. . ATVB 2008;28(6):E136

Xie T, Stathopoulou MG, Akbar S, Oster T, Siest G, Yen FT, Visvikis-Siest S. Effect
of Isr polymorphism on blood lipid levels and age-specific epistatic interaction with
the apoe common polymorphism. 2018;93:846-852

Xie T, Akbar S, Stathopoulou MG, Oster T, Masson C, Yen FT, Visvikis-Siest S.
Epistatic interaction of apolipoprotein e and lipolysis-stimulated lipoprotein receptor
genetic variants is associated with alzheimer's disease. Neurobiology of aging.
2018;69:292.6291-292.295

Bouchon A, Dietrich J, Colonna M. Cutting edge: Inflammatory responses can be
triggered by trem-1, a novel receptor expressed on neutrophils and monocytes. J
Immunol. 2000;164:4991-4995

136



123.

124,

125.

126.

127.

128.

129.

130.

131.

132.

133.

Bouchon A, Facchetti F, Weigand MA, Colonna M. Trem-1 amplifies inflammation
and is a crucial mediator of septic shock. Nature. 2001;410:1103-1107

Colonna M, Facchetti F. Trem-1 (triggering receptor expressed on myeloid cells): A
new player in acute inflammatory responses. J Infect Dis. 2003;187 Suppl 2:S397-401
Ford JW, McVicar DW. Trem and trem-like receptors in inflammation and disease.
Curr Opin Immunol. 2009;21:38-46

Kuai J, Gregory B, Hill A, Pittman DD, Feldman JL, Brown T, Carito B, O'Toole M,
Ramsey R, Adolfsson O, Shields KM, Dower K, Hall JP, Kurdi Y, Beech JT,
Nanchahal J, Feldmann M, Foxwell BM, Brennan FM, Winkler DG, Lin LL. Trem-1
expression is increased in the synovium of rheumatoid arthritis patients and induces
the expression of pro-inflammatory cytokines. Rheumatology (Oxford). 2009;48:1352-
1358

Joffre J, Potteaux S, Zeboudj L, Loyer X, Boufenzer A, Laurans L, Esposito B,
Vandestienne M, de Jager SC, Henique C, Zlatanova I, Taleb S, Bruneval P, Tedgui
A, Mallat Z, Gibot S, Ait-Oufella H. Genetic and pharmacological inhibition of trem-1
limits the development of experimental atherosclerosis. J Am Coll Cardiol.
2016;68:2776-2793

Jeremie L, Amir B, Marc D, Sebastien G. The triggering receptor expressed on
myeloid cells-1: A new player during acute myocardial infarction. Pharmacol Res.
2015;100:261-265

Dopheide JF, Doppler C, Scheer M, Obst V, Radmacher MC, Radsak MP, Gori T,
Warnholtz A, Fottner C, Munzel T, Daiber A, Espinola-Klein C. Critical limb
ischaemia is characterised by an increased production of whole blood reactive oxygen
species and expression of trem-1 on neutrophils. Atherosclerosis. 2013;229:396-403
McEver RP. Selectins: Initiators of leucocyte adhesion and signalling at the vascular
wall. Cardiovasc Res. 2015;107:331-339

Zemans RL, Colgan SP, Downey GP. Transepithelial migration of neutrophils:
Mechanisms and implications for acute lung injury. Am J Respir Cell Mol Biol.
2009;40:519-535

Muller WA. The regulation of transendothelial migration: New knowledge and new
questions. Cardiovasc Res. 2015;107:310-320

Aldasoro Arguinano AA, Dade S, Stathopoulou M, Derive M, Coumba Ndiaye N, Xie
T, Masson C, Gibot S, Visvikis-Siest S. Trem-1 snp rs2234246 regulates trem-1

137



134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

protein and mrna levels and is associated with plasma levels of I-selectin.
2017;12:0182226

Lanier LL. Dap10- and dapl12-associated receptors in innate immunity. Immunol Rev.
2009;227:150-160

Ito H, Hamerman JA. Trem-2, triggering receptor expressed on myeloid cell-2,
negatively regulates tlr responses in dendritic cells. Eur J Immunol. 2012;42:176-185
Turnbull IR, Gilfillan S, Cella M, Aoshi T, Miller M, Piccio L, Hernandez M,
Colonna M. Cutting edge: Trem-2 attenuates macrophage activation. J Immunol.
2006;177:3520-3524

Gao X, Dong Y, Liu Z, Niu B. Silencing of triggering receptor expressed on myeloid
cells-2 enhances the inflammatory responses of alveolar macrophages to
lipopolysaccharide. Mol Med Rep. 2013;7:921-926

Liu D, Dong Y, Liu Z, Niu B, Wang Y, Gao X. Impact of trem-2 gene silencing on
inflammatory response of endotoxin-induced acute lung injury in mice. Mol Cell
Biochem. 2014;394:155-161

Gorenjak V, Aldasoro Arguinano AA, Dade S, Stathopoulou MG, Vance DR, Masson
C, Visvikis-Siest S. The polymorphism rs6918289 located in the downstream region
of the trem2 gene is associated with tnf-alpha levels and imt-f. Scientific reports.
2018;8:7160

Gorenjak V, Akbar S, Stathopoulou MG, Visvikis-Siest S. The future of telomere
length in personalized medicine. Frontiers in bioscience (Landmark edition).
2018;23:1628-1654

Ridker PM, Buring JE, Rifai N, Cook NR. Development and validation of improved
algorithms for the assessment of global cardiovascular risk in women: The reynolds
risk score. JAMA. 2007;297:611-619

Arguinano AA, Naderi E, Ndiaye NC, Stathopoulou M, Dade S, Alizadeh B, Visvikis-
Siest S. Il6r haplotype rs4845625*t/rs4537545*c is a risk factor for simultaneously
high crp, Idl and apob levels. Genes and immunity. 2017;18:163-169

Ligthart S, Vaez A, Vosa U, Stathopoulou MG, de Vries PS, Prins BP, Van der Most
PJ, Tanaka T, Naderi E, Rose LM, Wu Y, Karlsson R, Barbalic M, Lin H, Pool R, Zhu
G, Mace A, Sidore C, Trompet S, Mangino M, Sabater-Lleal M, Kemp JP, Abbasi A,
Kacprowski T, Verweij N, Smith AV, Huang T, Marzi C, Feitosa MF, Lohman KK,
Kleber ME, Milaneschi Y, Mueller C, Hug M, Vlachopoulou E, Lyytikainen LP,
Oldmeadow C, Deelen J, Perola M, Zhao JH, Feenstra B, Amini M, Lahti J, Schraut

138



KE, Fornage M, Suktitipat B, Chen WM, Li X, Nutile T, Malerba G, Luan J, Bak T,
Schork N, Del Greco MF, Thiering E, Mahajan A, Marioni RE, Mihailov E, Eriksson
J, Ozel AB, Zhang W, Nethander M, Cheng YC, Aslibekyan S, Ang W, Gandin I,
Yengo L, Portas L, Kooperberg C, Hofer E, Rajan KB, Schurmann C, den Hollander
W, Ahluwalia TS, Zhao J, Draisma HHM, Ford I, Timpson N, Teumer A, Huang H,
Wahl S, Liu Y, Huang J, Uh HW, Geller F, Joshi PK, Yanek LR, Trabetti E, Lehne B,
Vozzi D, Verbanck M, Biino G, Saba Y, Meulenbelt I, O'Connell JR, Laakso M,
Giulianini F, Magnusson PKE, Ballantyne CM, Hottenga JJ, Montgomery GW,
Rivadineira F, Rueedi R, Steri M, Herzig KH, Stott DJ, Menni C, Franberg M, St
Pourcain B, Felix SB, Pers TH, Bakker SJL, Kraft P, Peters A, Vaidya D, Delgado G,
Smit JH, Grossmann V, Sinisalo J, Seppala I, Williams SR, Holliday EG, Moed M,
Langenberg C, Raikkonen K, Ding J, Campbell H, Sale MM, Chen YI, James AL,
Ruggiero D, Soranzo N, Hartman CA, Smith EN, Berenson GS, Fuchsberger C,
Hernandez D, Tiesler CMT, Giedraitis V, Liewald D, Fischer K, Mellstrom D,
Larsson A, Wang Y, Scott WR, Lorentzon M, Beilby J, Ryan KA, Pennell CE,
Vuckovic D, Balkau B, Concas MP, Schmidt R, Mendes de Leon CF, Bottinger EP,
Kloppenburg M, Paternoster L, Boehnke M, Musk AW, Willemsen G, Evans DM,
Madden PAF, Kahonen M, Kutalik Z, Zoledziewska M, Karhunen V, Kritchevsky SB,
Sattar N, Lachance G, Clarke R, Harris TB, Raitakari OT, Attia JR, van Heemst D,
Kajantie E, Sorice R, Gambaro G, Scott RA, Hicks AA, Ferrucci L, Standl M,
Lindgren CM, Starr JM, Karlsson M, Lind L, Li JZ, Chambers JC, Mori TA, de Geus
E, Heath AC, Martin NG, Auvinen J, Buckley BM, de Craen AJM, Waldenberger M,
Strauch K, Meitinger T, Scott RJ, McEvoy M, Beekman M, Bombieri C, Ridker PM,
Mohlke KL, Pedersen NL, Morrison AC, Boomsma DI, Whitfield JB, Strachan DP,
Hofman A, Vollenweider P, Cucca F, Jarvelin MR, Jukema JW, Spector TD, Hamsten
A, Zeller T, Uitterlinden AG, Nauck M, Gudnason V, Qi L, Grallert H, Borecki IB,
Rotter JI, Marz W, Wild PS, Lokki ML, Boyle M, Salomaa V, Melbye M, Eriksson
JG, Wilson JF, Penninx B, Becker DM, Worrall BB, Gibson G, Krauss RM, Ciullo M,
Zaza G, Wareham NJ, Oldehinkel AJ, Palmer LJ, Murray SS, Pramstaller PP,
Bandinelli S, Heinrich J, Ingelsson E, Deary 1J, Magi R, Vandenput L, van der Harst
P, Desch KC, Kooner JS, Ohlsson C, Hayward C, Lehtimaki T, Shuldiner AR, Arnett
DK, Beilin LJ, Robino A, Froguel P, Pirastu M, Jess T, Koenig W, Loos RJF, Evans
DA, Schmidt H, Smith GD, Slagboom PE, Eiriksdottir G, Morris AP, Psaty BM,
Tracy RP, Nolte IM, Boerwinkle E, Visvikis-Siest S, Reiner AP, Gross M, Bis JC,

139



144,

145.

146.

147.

148.

149.

150.

151.

152.

Franke L, Franco OH, Benjamin EJ, Chasman DI, Dupuis J, Snieder H, Dehghan A,
Alizadeh BZ. Genome analyses of >200,000 individuals identify 58 loci for chronic
inflammation and highlight pathways that link inflammation and complex disorders.
Am J Hum Genet. 2018;103:691-706

Balagopal PB, de Ferranti SD, Cook S, Daniels SR, Gidding SS, Hayman LL,
McCrindle BW, Mietus-Snyder ML, Steinberger J. Nontraditional risk factors and
biomarkers for cardiovascular disease: Mechanistic, research, and clinical
considerations for youth: A scientific statement from the american heart association.
Circulation. 2011;123:2749-2769

Cook DG, Mendall MA, Whincup PH, Carey IM, Ballam L, Morris JE, Miller GJ,
Strachan DP. C-reactive protein concentration in children: Relationship to adiposity
and other cardiovascular risk factors. Atherosclerosis. 2000;149:139-150

Ford ES. C-reactive protein concentration and cardiovascular disease risk factors in
children: Findings from the national health and nutrition examination survey 1999-
2000. Circulation. 2003;108:1053-1058

Zieske AW, Tracy RP, McMahan CA, Herderick EE, Homma S, Malcom GT, McGill
HC, Jr., Strong JP. Elevated serum c-reactive protein levels and advanced
atherosclerosis in youth. Arterioscler Thromb Vasc Biol. 2005;25:1237-1243

Juonala M, Viikari JS, Ronnemaa T, Taittonen L, Marniemi J, Raitakari OT.
Childhood c-reactive protein in predicting crp and carotid intima-media thickness in
adulthood: The cardiovascular risk in young finns study. Arterioscler Thromb Vasc
Biol. 2006;26:1883-1888

Heilbronn LK, Campbell LV. Adipose tissue macrophages, low grade inflammation
and insulin resistance in human obesity. Curr Pharm Des. 2008;14:1225-1230

Kong M, Lee C. Genetic associations with c-reactive protein level and white blood
cell count in the kare study. Int J Immunogenet. 2013;40:120-125

Wu Y, McDade TW, Kuzawa CW, Borja J, Li Y, Adair LS, Mohlke KL, Lange LA.
Genome-wide association with c-reactive protein levels in clhns: Evidence for the crp
and hnfla loci and their interaction with exposure to a pathogenic environment.
Inflammation. 2012;35:574-583

Tekola Ayele F, Doumatey A, Huang H, Zhou J, Charles B, Erdos M, Adeleye J,
Balogun W, Fasanmade O, Johnson T, Oli J, Okafor G, Amoah A, Eghan BA, Jr.,
Agyenim-Boateng K, Acheampong J, Adebamowo CA, Herbert A, Gerry N,
Christman M, Chen G, Shriner D, Adeyemo A, Rotimi CN. Genome-wide associated

140



153.

154.

155.

156.

157.

158.

159.

loci influencing interleukin (il)-10, il-1ra, and il-6 levels in african americans.
Immunogenetics. 2012;64:351-359

Reiner AP, Beleza S, Franceschini N, Auer PL, Robinson JG, Kooperberg C, Peters U,
Tang H. Genome-wide association and population genetic analysis of c-reactive
protein in african american and hispanic american women. Am J Hum Genet.
2012;91:502-512

Naitza S, Porcu E, Steri M, Taub DD, Mulas A, Xiao X, Strait J, Dei M, Lai S,
Busonero F, Maschio A, Usala G, Zoledziewska M, Sidore C, Zara |, Pitzalis M, Loi
A, Virdis F, Piras R, Deidda F, Whalen MB, Crisponi L, Concas A, Podda C, Uzzau
S, Scheet P, Longo DL, Lakatta E, Abecasis GR, Cao A, Schlessinger D, Uda M,
Sanna S, Cucca F. A genome-wide association scan on the levels of markers of
inflammation in sardinians reveals associations that underpin its complex regulation.
PLoS genetics. 2012;8:€1002480

Doumatey AP, Chen G, Tekola Ayele F, Zhou J, Erdos M, Shriner D, Huang H,
Adeleye J, Balogun W, Fasanmade O, Johnson T, Oli J, Okafor G, Amoah A, Eghan
BA, Agyenim-Boateng K, Acheampong J, Adebamowo C, Gerry NP, Christman MF,
Adeyemo A, Rotimi CN. C-reactive protein (crp) promoter polymorphisms influence
circulating crp levels in a genome-wide association study of african americans. Hum
Mol Genet. 2012;21:3063-3072

Aslibekyan S, Kabagambe EK, Irvin MR, Straka RJ, Borecki IB, Tiwari HK, Tsai
MY, Hopkins PN, Shen J, Lai CQ, Ordovas JM, Arnett DK. A genome-wide
association study of inflammatory biomarker changes in response to fenofibrate
treatment in the genetics of lipid lowering drug and diet network. Pharmacogenet
Genomics. 2012;22:191-197

Okada Y, Takahashi A, Ohmiya H, Kumasaka N, Kamatani Y, Hosono N, Tsunoda T,
Matsuda K, Tanaka T, Kubo M, Nakamura Y, Yamamoto K, Kamatani N. Genome-
wide association study for c-reactive protein levels identified pleiotropic associations
in the il6 locus. Hum Mol Genet. 2011;20:1224-1231

Middelberg RP, Ferreira MA, Henders AK, Heath AC, Madden PA, Montgomery
GW, Martin NG, Whitfield JB. Genetic variants in Ipl, oasl and tomm40/apoe-c1-c2-
c4 genes are associated with multiple cardiovascular-related traits. BMC medical
genetics. 2011;12:123

Dehghan A, Dupuis J, Barbalic M, Bis JC, Eiriksdottir G, Lu C, Pellikka N,
Wallaschofski H, Kettunen J, Henneman P, Baumert J, Strachan DP, Fuchsberger C,

141



160.

161.

162.

163.

Vitart V, Wilson JF, Pare G, Naitza S, Rudock ME, Surakka I, de Geus EJ, Alizadeh
BZ, Guralnik J, Shuldiner A, Tanaka T, Zee RY, Schnabel RB, Nambi V, Kavousi M,
Ripatti S, Nauck M, Smith NL, Smith AV, Sundvall J, Scheet P, Liu Y, Ruokonen A,
Rose LM, Larson MG, Hoogeveen RC, Freimer NB, Teumer A, Tracy RP, Launer LJ,
Buring JE, Yamamoto JF, Folsom AR, Sijbrands EJ, Pankow J, Elliott P, Keaney JF,
Sun W, Sarin AP, Fontes JD, Badola S, Astor BC, Hofman A, Pouta A, Werdan K,
Greiser KH, Kuss O, Meyer zu Schwabedissen HE, Thiery J, Jamshidi Y, Nolte IM,
Soranzo N, Spector TD, Volzke H, Parker AN, Aspelund T, Bates D, Young L, Tsui
K, Siscovick DS, Guo X, Rotter JI, Uda M, Schlessinger D, Rudan I, Hicks AA,
Penninx BW, Thorand B, Gieger C, Coresh J, Willemsen G, Harris TB, Uitterlinden
AG, Jarvelin MR, Rice K, Radke D, Salomaa V, Willems van Dijk K, Boerwinkle E,
Vasan RS, Ferrucci L, Gibson QD, Bandinelli S, Snieder H, Boomsma DI, Xiao X,
Campbell H, Hayward C, Pramstaller PP, van Duijn CM, Peltonen L, Psaty BM,
Gudnason V, Ridker PM, Homuth G, Koenig W, Ballantyne CM, Witteman JC,
Benjamin EJ, Perola M, Chasman DI. Meta-analysis of genome-wide association
studies in >80 000 subjects identifies multiple loci for c-reactive protein levels.
Circulation. 2011;123:731-738

Elliott P, Chambers JC, Zhang W, Clarke R, Hopewell JC, Peden JF, Erdmann J,
Braund P, Engert JC, Bennett D, Coin L, Ashby D, Tzoulaki I, Brown 1J, Mt-lIsa S,
McCarthy MlI, Peltonen L, Freimer NB, Farrall M, Ruokonen A, Hamsten A, Lim N,
Froguel P, Waterworth DM, Vollenweider P, Waeber G, Jarvelin MR, Mooser V,
Scott J, Hall AS, Schunkert H, Anand SS, Collins R, Samani NJ, Watkins H, Kooner
JS. Genetic loci associated with c-reactive protein levels and risk of coronary heart
disease. JAMA. 2009;302:37-48

Cunnington MS, Mayosi BM, Hall DH, Avery PJ, Farrall M, Vickers MA, Watkins H,
Keavney B. Novel genetic variants linked to coronary artery disease by genome-wide
association are not associated with carotid artery intima-media thickness or
intermediate risk phenotypes. Atherosclerosis. 2009;203:41-44

Ridker PM, Pare G, Parker A, Zee RY, Danik JS, Buring JE, Kwiatkowski D, Cook
NR, Miletich JP, Chasman DI. Loci related to metabolic-syndrome pathways
including lepr,hnfla, il6r, and gckr associate with plasma c-reactive protein: The
women's genome health study. Am J Hum Genet. 2008;82:1185-1192

Reiner AP, Barber MJ, Guan Y, Ridker PM, Lange LA, Chasman DI, Walston JD,
Cooper GM, Jenny NS, Rieder MJ, Durda JP, Smith JD, Novembre J, Tracy RP,

142



164.

165.

166.

Rotter JI, Stephens M, Nickerson DA, Krauss RM. Polymorphisms of the hnfla gene
encoding hepatocyte nuclear factor-1 alpha are associated with c-reactive protein. Am
J Hum Genet. 2008;82:1193-1201

Melzer D, Perry JR, Hernandez D, Corsi AM, Stevens K, Rafferty I, Lauretani F,
Murray A, Gibbs JR, Paolisso G, Rafig S, Simon-Sanchez J, Lango H, Scholz S,
Weedon MN, Arepalli S, Rice N, Washecka N, Hurst A, Britton A, Henley W, van de
Leemput J, Li R, Newman AB, Tranah G, Harris T, Panicker V, Dayan C, Bennett A,
McCarthy MI, Ruokonen A, Jarvelin MR, Guralnik J, Bandinelli S, Frayling TM,
Singleton A, Ferrucci L. A genome-wide association study identifies protein
quantitative trait loci (pqtls). PLoS genetics. 2008;4:1000072

Benjamin EJ, Dupuis J, Larson MG, Lunetta KL, Booth SL, Govindaraju DR,
Kathiresan S, Keaney JF, Jr., Keyes MJ, Lin JP, Meigs JB, Robins SJ, Rong J,
Schnabel R, Vita JA, Wang TJ, Wilson PW, Wolf PA, Vasan RS. Genome-wide
association with select biomarker traits in the framingham heart study. BMC medical
genetics. 2007;8 Suppl 1:S11

Locke AE, Kahali B, Berndt Sl, Justice AE, Pers TH, Day FR, Powell C, Vedantam S,
Buchkovich ML, Yang J, Croteau-Chonka DC, Esko T, Fall T, Ferreira T, Gustafsson
S, Kutalik Z, Luan J, Magi R, Randall JC, Winkler TW, Wood AR, Workalemahu T,
Faul JD, Smith JA, Hua Zhao J, Zhao W, Chen J, Fehrmann R, Hedman AK,
Karjalainen J, Schmidt EM, Absher D, Amin N, Anderson D, Beekman M, Bolton JL,
Bragg-Gresham JL, Buyske S, Demirkan A, Deng G, Ehret GB, Feenstra B, Feitosa
MF, Fischer K, Goel A, Gong J, Jackson AU, Kanoni S, Kleber ME, Kristiansson K,
Lim U, Lotay V, Mangino M, Mateo Leach I, Medina-Gomez C, Medland SE, Nalls
MA, Palmer CD, Pasko D, Pechlivanis S, Peters MJ, Prokopenko I, Shungin D,
Stancakova A, Strawbridge RJ, Ju Sung Y, Tanaka T, Teumer A, Trompet S, van der
Laan SW, van Setten J, Van Vliet-Ostaptchouk JV, Wang Z, Yengo L, Zhang W,
Isaacs A, Albrecht E, Arnlov J, Arscott GM, Attwood AP, Bandinelli S, Barrett A,
Bas IN, Bellis C, Bennett AJ, Berne C, Blagieva R, Bluher M, Bohringer S,
Bonnycastle LL, Bottcher Y, Boyd HA, Bruinenberg M, Caspersen IH, Ida Chen YD,
Clarke R, Daw EW, de Craen AJ, Delgado G, Dimitriou M, Doney AS, Eklund N,
Estrada K, Eury E, Folkersen L, Fraser RM, Garcia ME, Geller F, Giedraitis V,
Gigante B, Go AS, Golay A, Goodall AH, Gordon SD, Gorski M, Grabe HJ, Grallert
H, Grammer TB, Grassler J, Gronberg H, Groves CJ, Gusto G, Haessler J, Hall P,
Haller T, Hallmans G, Hartman CA, Hassinen M, Hayward C, Heard-Costa NL,

143



Helmer Q, Hengstenberg C, Holmen O, Hottenga JJ, James AL, Jeff JM, Johansson A,
Jolley J, Juliusdottir T, Kinnunen L, Koenig W, Koskenvuo M, Kratzer W, Laitinen J,
Lamina C, Leander K, Lee NR, Lichtner P, Lind L, Lindstrom J, Sin Lo K, Lobbens S,
Lorbeer R, Lu Y, Mach F, Magnusson PK, Mahajan A, McArdle WL, McLachlan S,
Menni C, Merger S, Mihailov E, Milani L, Moayyeri A, Monda KL, Morken MA,
Mulas A, Muller G, Muller-Nurasyid M, Musk AW, Nagaraja R, Nothen MM, Nolte
IM, Pilz S, Rayner NW, Renstrom F, Rettig R, Ried JS, Ripke S, Robertson NR, Rose
LM, Sanna S, Scharnagl H, Scholtens S, Schumacher FR, Scott WR, Seufferlein T,
Shi J, Vernon Smith A, Smolonska J, Stanton AV, Steinthorsdottir V, Stirrups K,
Stringham HM, Sundstrom J, Swertz MA, Swift AJ, Syvanen AC, Tan ST, Tayo BO,
Thorand B, Thorleifsson G, Tyrer JP, Uh HW, Vandenput L, Verhulst FC, Vermeulen
SH, Verweij N, Vonk JM, Waite LL, Warren HR, Waterworth D, Weedon MN,
Wilkens LR, Willenborg C, Wilsgaard T, Wojczynski MK, Wong A, Wright AF,
Zhang Q, Brennan EP, Choi M, Dastani Z, Drong AW, Eriksson P, Franco-Cereceda
A, Gadin JR, Gharavi AG, Goddard ME, Handsaker RE, Huang J, Karpe F,
Kathiresan S, Keildson S, Kiryluk K, Kubo M, Lee JY, Liang L, Lifton RP, Ma B,
McCarroll SA, McKnight AJ, Min JL, Moffatt MF, Montgomery GW, Murabito JM,
Nicholson G, Nyholt DR, Okada Y, Perry JR, Dorajoo R, Reinmaa E, Salem RM,
Sandholm N, Scott RA, Stolk L, Takahashi A, Tanaka T, Van't Hooft FM,
Vinkhuyzen AA, Westra HJ, Zheng W, Zondervan KT, Heath AC, Arveiler D, Bakker
SJ, Beilby J, Bergman RN, Blangero J, Bovet P, Campbell H, Caulfield MJ, Cesana G,
Chakravarti A, Chasman DI, Chines PS, Collins FS, Crawford DC, Cupples LA, Cusi
D, Danesh J, de Faire U, den Ruijter HM, Dominiczak AF, Erbel R, Erdmann J,
Eriksson JG, Farrall M, Felix SB, Ferrannini E, Ferrieres J, Ford I, Forouhi NG,
Forrester T, Franco OH, Gansevoort RT, Gejman PV, Gieger C, Gottesman O,
Gudnason V, Gyllensten U, Hall AS, Harris TB, Hattersley AT, Hicks AA, Hindorff
LA, Hingorani AD, Hofman A, Homuth G, Hovingh GK, Humphries SE, Hunt SC,
Hypponen E, Illig T, Jacobs KB, Jarvelin MR, Jockel KH, Johansen B, Jousilahti P,
Jukema JW, Jula AM, Kaprio J, Kastelein JJ, Keinanen-Kiukaanniemi SM, Kiemeney
LA, Knekt P, Kooner JS, Kooperberg C, Kovacs P, Kraja AT, Kumari M, Kuusisto J,
Lakka TA, Langenberg C, Le Marchand L, Lehtimaki T, Lyssenko V, Mannisto S,
Marette A, Matise TC, McKenzie CA, McKnight B, Moll FL, Morris AD, Morris AP,
Murray JC, Nelis M, Ohlsson C, Oldehinkel AJ, Ong KK, Madden PA, Pasterkamp G,
Peden JF, Peters A, Postma DS, Pramstaller PP, Price JF, Qi L, Raitakari OT,

144



167.

Rankinen T, Rao DC, Rice TK, Ridker PM, Rioux JD, Ritchie MD, Rudan I, Salomaa
V, Samani NJ, Saramies J, Sarzynski MA, Schunkert H, Schwarz PE, Sever P,
Shuldiner AR, Sinisalo J, Stolk RP, Strauch K, Tonjes A, Tregouet DA, Tremblay A,
Tremoli E, Virtamo J, Vohl MC, Volker U, Waeber G, Willemsen G, Witteman JC,
Zillikens MC, Adair LS, Amouyel P, Asselbergs FW, Assimes TL, Bochud M, Boehm
BO, Boerwinkle E, Bornstein SR, Bottinger EP, Bouchard C, Cauchi S, Chambers JC,
Chanock SJ, Cooper RS, de Bakker PI, Dedoussis G, Ferrucci L, Franks PW, Froguel
P, Groop LC, Haiman CA, Hamsten A, Hui J, Hunter DJ, Hveem K, Kaplan RC,
Kivimaki M, Kuh D, Laakso M, Liu Y, Martin NG, Marz W, Melbye M, Metspalu A,
Moebus S, Munroe PB, Njolstad I, Oostra BA, Palmer CN, Pedersen NL, Perola M,
Perusse L, Peters U, Power C, Quertermous T, Rauramaa R, Rivadeneira F, Saaristo
TE, Saleheen D, Sattar N, Schadt EE, Schlessinger D, Slagboom PE, Snieder H,
Spector TD, Thorsteinsdottir U, Stumvoll M, Tuomilehto J, Uitterlinden AG, Uusitupa
M, van der Harst P, Walker M, Wallaschofski H, Wareham NJ, Watkins H, Weir DR,
Wichmann HE, Wilson JF, Zanen P, Borecki 1B, Deloukas P, Fox CS, Heid IM,
O'Connell JR, Strachan DP, Stefansson K, van Duijn CM, Abecasis GR, Franke L,
Frayling TM, McCarthy MlI, Visscher PM, Scherag A, Willer CJ, Boehnke M, Mohlke
KL, Lindgren CM, Beckmann JS, Barroso I, North KE, Ingelsson E, Hirschhorn JN,
Loos RJ, Speliotes EK. Genetic studies of body mass index yield new insights for
obesity biology. Nature. 2015;518:197-206

Shungin D, Winkler TW, Croteau-Chonka DC, Ferreira T, Locke AE, Magi R,
Strawbridge RJ, Pers TH, Fischer K, Justice AE, Workalemahu T, Wu JM,
Buchkovich ML, Heard-Costa NL, Roman TS, Drong AW, Song C, Gustafsson S,
Day FR, Esko T, Fall T, Kutalik Z, Luan J, Randall JC, Scherag A, Vedantam S,
Wood AR, Chen J, Fehrmann R, Karjalainen J, Kahali B, Liu CT, Schmidt EM,
Absher D, Amin N, Anderson D, Beekman M, Bragg-Gresham JL, Buyske S,
Demirkan A, Ehret GB, Feitosa MF, Goel A, Jackson AU, Johnson T, Kleber ME,
Kristiansson K, Mangino M, Mateo Leach I, Medina-Gomez C, Palmer CD, Pasko D,
Pechlivanis S, Peters MJ, Prokopenko I, Stancakova A, Ju Sung Y, Tanaka T, Teumer
A, Van Vliet-Ostaptchouk JV, Yengo L, Zhang W, Albrecht E, Arnlov J, Arscott GM,
Bandinelli S, Barrett A, Bellis C, Bennett AJ, Berne C, Bluher M, Bohringer S,
Bonnet F, Bottcher Y, Bruinenberg M, Carba DB, Caspersen IH, Clarke R, Daw EW,
Deelen J, Deelman E, Delgado G, Doney AS, Eklund N, Erdos MR, Estrada K, Eury
E, Friedrich N, Garcia ME, Giedraitis V, Gigante B, Go AS, Golay A, Grallert H,

145



Grammer TB, Grassler J, Grewal J, Groves CJ, Haller T, Hallmans G, Hartman CA,
Hassinen M, Hayward C, Heikkila K, Herzig KH, Helmer Q, Hillege HL, Holmen O,
Hunt SC, Isaacs A, Ittermann T, James AL, Johansson I, Juliusdottir T, Kalafati IP,
Kinnunen L, Koenig W, Kooner IK, Kratzer W, Lamina C, Leander K, Lee NR,
Lichtner P, Lind L, Lindstrom J, Lobbens S, Lorentzon M, Mach F, Magnusson PK,
Mahajan A, McArdle WL, Menni C, Merger S, Mihailov E, Milani L, Mills R,
Moayyeri A, Monda KL, Mooijaart SP, Muhleisen TW, Mulas A, Muller G, Muller-
Nurasyid M, Nagaraja R, Nalls MA, Narisu N, Glorioso N, Nolte IM, Olden M,
Rayner NW, Renstrom F, Ried JS, Robertson NR, Rose LM, Sanna S, Scharnagl H,
Scholtens S, Sennblad B, Seufferlein T, Sitlani CM, Vernon Smith A, Stirrups K,
Stringham HM, Sundstrom J, Swertz MA, Swift AJ, Syvanen AC, Tayo BO, Thorand
B, Thorleifsson G, Tomaschitz A, Troffa C, van Oort FV, Verweij N, Vonk JM, Waite
LL, Wennauer R, Wilsgaard T, Wojczynski MK, Wong A, Zhang Q, Hua Zhao J,
Brennan EP, Choi M, Eriksson P, Folkersen L, Franco-Cereceda A, Gharavi AG,
Hedman AK, Hivert MF, Huang J, Kanoni S, Karpe F, Keildson S, Kiryluk K, Liang
L, Lifton RP, Ma B, McKnight AJ, McPherson R, Metspalu A, Min JL, Moffatt MF,
Montgomery GW, Murabito JM, Nicholson G, Nyholt DR, Olsson C, Perry JR,
Reinmaa E, Salem RM, Sandholm N, Schadt EE, Scott RA, Stolk L, Vallejo EE,
Westra HJ, Zondervan KT, Amouyel P, Arveiler D, Bakker SJ, Beilby J, Bergman
RN, Blangero J, Brown MJ, Burnier M, Campbell H, Chakravarti A, Chines PS,
Claudi-Boehm S, Collins FS, Crawford DC, Danesh J, de Faire U, de Geus EJ, Dorr
M, Erbel R, Eriksson JG, Farrall M, Ferrannini E, Ferrieres J, Forouhi NG, Forrester
T, Franco OH, Gansevoort RT, Gieger C, Gudnason V, Haiman CA, Harris TB,
Hattersley AT, Heliovaara M, Hicks AA, Hingorani AD, Hoffmann W, Hofman A,
Homuth G, Humphries SE, Hypponen E, Illig T, Jarvelin MR, Johansen B, Jousilahti
P, Jula AM, Kaprio J, Kee F, Keinanen-Kiukaanniemi SM, Kooner JS, Kooperberg C,
Kovacs P, Kraja AT, Kumari M, Kuulasmaa K, Kuusisto J, Lakka TA, Langenberg C,
Le Marchand L, Lehtimaki T, Lyssenko V, Mannisto S, Marette A, Matise TC,
McKenzie CA, McKnight B, Musk AW, Mohlenkamp S, Morris AD, Nelis M,
Ohlsson C, Oldehinkel AJ, Ong KK, Palmer LJ, Penninx BW, Peters A, Pramstaller
PP, Raitakari OT, Rankinen T, Rao DC, Rice TK, Ridker PM, Ritchie MD, Rudan I,
Salomaa V, Samani NJ, Saramies J, Sarzynski MA, Schwarz PE, Shuldiner AR,
Staessen JA, Steinthorsdottir V, Stolk RP, Strauch K, Tonjes A, Tremblay A, Tremoli
E, Vohl MC, Volker U, Vollenweider P, Wilson JF, Witteman JC, Adair LS, Bochud

146



168.

M, Boehm BO, Bornstein SR, Bouchard C, Cauchi S, Caulfield MJ, Chambers JC,
Chasman DI, Cooper RS, Dedoussis G, Ferrucci L, Froguel P, Grabe HJ, Hamsten A,
Hui J, Hveem K, Jockel KH, Kivimaki M, Kuh D, Laakso M, Liu Y, Marz W, Munroe
PB, Njolstad I, Oostra BA, Palmer CN, Pedersen NL, Perola M, Perusse L, Peters U,
Power C, Quertermous T, Rauramaa R, Rivadeneira F, Saaristo TE, Saleheen D,
Sinisalo J, Slaghoom PE, Snieder H, Spector TD, Thorsteinsdottir U, Stumvoll M,
Tuomilehto J, Uitterlinden AG, Uusitupa M, van der Harst P, Veronesi G, Walker M,
Wareham NJ, Watkins H, Wichmann HE, Abecasis GR, Assimes TL, Berndt SlI,
Boehnke M, Borecki 1B, Deloukas P, Franke L, Frayling TM, Groop LC, Hunter DJ,
Kaplan RC, O'Connell JR, Qi L, Schlessinger D, Strachan DP, Stefansson K, van
Duijn CM, Willer CJ, Visscher PM, Yang J, Hirschhorn JN, Zillikens MC, McCarthy
MI, Speliotes EK, North KE, Fox CS, Barroso |, Franks PW, Ingelsson E, Heid IM,
Loos RJ, Cupples LA, Morris AP, Lindgren CM, Mohlke KL. New genetic loci link
adipose and insulin biology to body fat distribution. Nature. 2015;518:187-196

Joshi PK, Esko T, Mattsson H, Eklund N, Gandin I, Nutile T, Jackson AU, Schurmann
C, Smith AV, Zhang W, Okada Y, Stancakova A, Faul JD, Zhao W, Bartz TM,
Concas MP, Franceschini N, Enroth S, Vitart V, Trompet S, Guo X, Chasman DI,
O'Connel JR, Corre T, Nongmaithem SS, Chen Y, Mangino M, Ruggiero D, Traglia
M, Farmaki AE, Kacprowski T, Bjonnes A, van der Spek A, Wu Y, Giri AK, Yanek
LR, Wang L, Hofer E, Rietveld CA, McLeod O, Cornelis MC, Pattaro C, Verweij N,
Baumbach C, Abdellaoui A, Warren HR, Vuckovic D, Mei H, Bouchard C, Perry JR,
Cappellani S, Mirza SS, Benton MC, Broeckel U, Medland SE, Lind PA, Malerba G,
Drong A, Yengo L, Bielak LF, Zhi D, van der Most PJ, Shriner D, Magi R, Hemani G,
Karaderi T, Wang Z, Liu T, Demuth I, Zhao JH, Meng W, Lataniotis L, van der Laan
SW, Bradfield JP, Wood AR, Bonnefond A, Ahluwalia TS, Hall LM, Salvi E, Yazar
S, Carstensen L, de Haan HG, Abney M, Afzal U, Allison MA, Amin N, Asselbergs
FW, Bakker SJ, Barr RG, Baumeister SE, Benjamin DJ, Bergmann S, Boerwinkle E,
Bottinger EP, Campbell A, Chakravarti A, Chan Y, Chanock SJ, Chen C, Chen YD,
Collins FS, Connell J, Correa A, Cupples LA, Smith GD, Davies G, Dorr M, Ehret G,
Ellis SB, Feenstra B, Feitosa MF, Ford I, Fox CS, Frayling TM, Friedrich N, Geller F,
Scotland G, Gillham-Nasenya I, Gottesman O, Graff M, Grodstein F, Gu C, Haley C,
Hammond CJ, Harris SE, Harris TB, Hastie ND, Heard-Costa NL, Heikkila K,
Hocking LJ, Homuth G, Hottenga JJ, Huang J, Huffman JE, Hysi PG, Ikram MA,

Ingelsson E, Joensuu A, Johansson A, Jousilahti P, Jukema JW, Kahonen M,

147



Kamatani Y, Kanoni S, Kerr SM, Khan NM, Koellinger P, Koistinen HA, Kooner
MK, Kubo M, Kuusisto J, Lahti J, Launer LJ, Lea RA, Lehne B, Lehtimaki T, Liewald
DC, Lind L, Loh M, Lokki ML, London SJ, Loomis SJ, Loukola A, Lu Y, Lumley T,
Lundgvist A, Mannisto S, Marques-Vidal P, Masciullo C, Matchan A, Mathias RA,
Matsuda K, Meigs JB, Meisinger C, Meitinger T, Menni C, Mentch FD, Mihailov E,
Milani L, Montasser ME, Montgomery GW, Morrison A, Myers RH, Nadukuru R,
Navarro P, Nelis M, Nieminen MS, Nolte IM, O'Connor GT, Ogunniyi A,
Padmanabhan S, Palmas WR, Pankow JS, Patarcic I, Pavani F, Peyser PA, Pietilainen
K, Poulter N, Prokopenko I, Ralhan S, Redmond P, Rich SS, Rissanen H, Robino A,
Rose LM, Rose R, Sala C, Salako B, Salomaa V, Sarin AP, Saxena R, Schmidt H,
Scott LJ, Scott WR, Sennblad B, Seshadri S, Sever P, Shrestha S, Smith BH, Smith
JA, Soranzo N, Sotoodehnia N, Southam L, Stanton AV, Stathopoulou MG, Strauch
K, Strawbridge RJ, Suderman MJ, Tandon N, Tang ST, Taylor KD, Tayo BO,
Toglhofer AM, Tomaszewski M, Tsernikova N, Tuomilehto J, Uitterlinden AG,
Vaidya D, van Hylckama Vlieg A, van Setten J, Vasankari T, Vedantam S,
Vlachopoulou E, Vozzi D, Vuoksimaa E, Waldenberger M, Ware EB, Wentworth-
Shields W, Whitfield JB, Wild S, Willemsen G, Yajnik CS, Yao J, Zaza G, Zhu X,
Salem RM, Melbye M, Bisgaard H, Samani NJ, Cusi D, Mackey DA, Cooper RS,
Froguel P, Pasterkamp G, Grant SF, Hakonarson H, Ferrucci L, Scott RA, Morris AD,
Palmer CN, Dedoussis G, Deloukas P, Bertram L, Lindenberger U, Berndt Sl,
Lindgren CM, Timpson NJ, Tonjes A, Munroe PB, Sorensen TI, Rotimi CN, Arnett
DK, Oldehinkel AJ, Kardia SL, Balkau B, Gambaro G, Morris AP, Eriksson JG,
Wright MJ, Martin NG, Hunt SC, Starr JM, Deary IJ, Griffiths LR, Tiemeier H,
Pirastu N, Kaprio J, Wareham NJ, Perusse L, Wilson JG, Girotto G, Caulfield MJ,
Raitakari O, Boomsma DI, Gieger C, van der Harst P, Hicks AA, Kraft P, Sinisalo J,
Knekt P, Johannesson M, Magnusson PK, Hamsten A, Schmidt R, Borecki IB,
Vartiainen E, Becker DM, Bharadwaj D, Mohlke KL, Boehnke M, van Duijn CM,
Sanghera DK, Teumer A, Zeggini E, Metspalu A, Gasparini P, Ulivi S, Ober C,
Toniolo D, Rudan I, Porteous DJ, Ciullo M, Spector TD, Hayward C, Dupuis J, Loos
RJ, Wright AF, Chandak GR, Vollenweider P, Shuldiner AR, Ridker PM, Rotter JI,
Sattar N, Gyllensten U, North KE, Pirastu M, Psaty BM, Weir DR, Laakso M,
Gudnason V, Takahashi A, Chambers JC, Kooner JS, Strachan DP, Campbell H,
Hirschhorn JN, Perola M, Polasek O, Wilson JF. Directional dominance on stature and

cognition in diverse human populations. Nature. 2015;523:459-462

148



169.
170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

A century of trends in adult human height. eLife. 2016;5

Worldwide trends in diabetes since 1980: A pooled analysis of 751 population-based
studies with 4.4 million participants. Lancet. 2016;387:1513-1530

Worldwide trends in body-mass index, underweight, overweight, and obesity from
1975 to 2016: A pooled analysis of 2416 population-based measurement studies in
128.9 million children, adolescents, and adults. Lancet. 2017;390:2627-2642
Worldwide trends in blood pressure from 1975 to 2015: A pooled analysis of 1479
population-based measurement studies with 19.1 million participants. Lancet.
2017;389:37-55

Trends in adult body-mass index in 200 countries from 1975 to 2014: A pooled
analysis of 1698 population-based measurement studies with 19.2 million participants.
Lancet. 2016;387:1377-1396

Contributions of mean and shape of blood pressure distribution to worldwide trends
and variations in raised blood pressure: A pooled analysis of 1018 population-based
measurement studies with 88.6 million participants. International journal of
epidemiology. 2018

Chatelin J, Stathopoulou MG, Arguinano AA, Xie T, Visvikis-Siest S.
Pharmacogenomic challenges in cardiovascular diseases: Examples of drugs and
considerations for future integration in clinical practice. Curr Pharm Biotechnol.
2017;18:231-241

Visvikis-Siest S, Gorenjak V, Stathopoulou MG. Personalised medicine: The odyssey
from hope to practice. Journal of personalized medicine. 2018;8

Visvikis-Siest S, Stathopoulou MG. Beyond genome-wide association studies:
Identifying variants using -omics approaches. Pers Med 2015;12:529-531

WHO. Noncommunicable diseases. 2018

WHO. Cardiovascular disease. 2018

European Heart Network. European cardiovascular disease statistics 2017. 2017

Presta M, Andres G, Leali D, DelllEra P, Ronca R. Inflammatory cells and
chemokines sustain fgf2-induced angiogenesis. Eur Cytokine Netw. 2009;20:39-50
Ribatti D, Levi-Schaffer F, Kovanen PT. Inflammatory angiogenesis in atherogenesis-
-a double-edged sword. Ann Med. 2008;40:606-621

Zachary I, Morgan RD. Therapeutic angiogenesis for cardiovascular disease:
Biological context, challenges, prospects. Heart. 2011;97:181-189

149



184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

Luo J, Xiong Y, Han X, Lu Y. Vegf non-angiogenic functions in adult organ
homeostasis: Therapeutic implications. J Mol Med (Berl). 2011;89:635-645

EU Joint Programme - Neurodegenerative Disease Research. Neurodegenerative
disease research in europe gets it together. 2014

Internationa Osteoporosis Foundation. Osteoporosis: Facts and statistics. 2018

Koch S, Claesson-Welsh L. Signal transduction by vascular endothelial growth factor
receptors. Cold Spring Harbor perspectives in medicine. 2012;2:a006502

Zhang ZG, Zhang L, Jiang Q, Zhang R, Davies K, Powers C, Bruggen N, Chopp M.
Vegf enhances angiogenesis and promotes blood-brain barrier leakage in the ischemic
brain. J Clin Invest. 2000;106:829-838

Inai T, Mancuso M, Hashizume H, Baffert F, Haskell A, Baluk P, Hu-Lowe DD,
Shalinsky DR, Thurston G, Yancopoulos GD, McDonald DM. Inhibition of vascular
endothelial growth factor (vegf) signaling in cancer causes loss of endothelial
fenestrations, regression of tumor vessels, and appearance of basement membrane
ghosts. The American journal of pathology. 2004;165:35-52

Provias J, Jeynes B. Reduction in vascular endothelial growth factor expression in the
superior temporal, hippocampal, and brainstem regions in alzheimer's disease. Current
neurovascular research. 2014;11:202-209

Zhang JB, Li MF, Zhang HX, Li ZG, Sun HR, Zhang JS, Wang PF. Association of
serum vascular endothelial growth factor levels and cerebral microbleeds in patients
with alzheimer's disease. European journal of neurology. 2016;23:1337-1342

Mateo I, Llorca J, Infante J, Rodriguez-Rodriguez E, Fernandez-Viadero C, Pena N,
Berciano J, Combarros O. Low serum vegf levels are associated with alzheimer's
disease. Acta neurologica Scandinavica. 2007;116:56-58

Chakraborty A, Chatterjee M, Twaalfhoven H, Del Campo Milan M, Teunissen CE,
Scheltens P, Fontijn RD, van Der Flier WM, de Vries HE. Vascular endothelial
growth factor remains unchanged in cerebrospinal fluid of patients with alzheimer's
disease and vascular dementia. Alzheimer's research & therapy. 2018;10:58
Tarkowski E, Issa R, Sjogren M, Wallin A, Blennow K, Tarkowski A, Kumar P.
Increased intrathecal levels of the angiogenic factors vegf and tgf-beta in alzheimer's
disease and vascular dementia. Neurobiology of aging. 2002;23:237-243
Thirumangalakudi L, Samany PG, Owoso A, Wiskar B, Grammas P. Angiogenic
proteins are expressed by brain blood vessels in alzheimer's disease. Journal of
Alzheimer's disease : JAD. 2006;10:111-118

150



196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

Liu SY, Zeng FF, Chen ZW, Wang CY, Zhao B, Li KS. Vascular endothelial growth
factor gene promoter polymorphisms and alzheimer's disease risk: A meta-analysis.
CNS neuroscience & therapeutics. 2013;19:469-476

Del Bo R, Ghezzi S, Scarpini E, Bresolin N, Comi GP. Vegf genetic variability is
associated with increased risk of developing alzheimer's disease. Journal of the
neurological sciences. 2009;283:66-68

He D, Lu W, Chang K, Liu Y, Zhang J, Zeng Z. Vascular endothelial growth factor
polymorphisms and risk of alzheimer's disease: A meta-analysis. Gene. 2013;518:296-
302

Grellier M, Granja P, Fricain J, Bidarra S, Renard M, Bareille R, Bourget C, Amédée
J, Barbosa M. The effect of the co-immobilization of human osteoprogenitors and
endothelial cells within alginate microspheres on mineralization in a bone defect.
Biomaterials. 2009;30:3271-3278

Trueta J, Buhr A. The vascular contribution to osteogenesis. V. The vasculature
supplying the epiphysial cartilage in rachitic rats. Journal of Bone and Joint Surgery
British. 1963;45:572-581

Brandi M, Collin-Osdoby P. Vascular biology of the skeleton. Journal of Bone and
Mineral Research. 2006;21:183-192

Kim I, Moon S, Kim S, Kim H, Koy Y, Koh G. Vascular endothelial growth factor
expression of intercellular adhesion molecule 1 (icam-1), vascular cell adhesion
molecule 1 (vcam-1), and e-selectin through nuclear factor-kappa b activation in
endothelial cells. J Biol Chem. 2001;276:7614-7620

Midy V, Plouét J. Vasculotropin/vascular endothelial growth factor induces
differentiation in cultured osteoblasts. Biochem Biophys Res Commun. 1994;199:380-
386

Mayr-Wohlfart U, Waltenberger J, Hausser H, Kessler S, Gunther K, Dehio C, Puhl
W, Brenner R. Vascular endothelial growth factor stimulates chemotactic migration of
primary human osteoblasts. Bone. 2002;30:472-477

Tan Y, Yang Y, Chai L, Wong R, Rabie A. Effects of vascular endothelial growth
factor (vegf] on mc3t3-el Orthod Craniofac Res. 2010;13:223-228

Lieb W, Safa R, Benjamin EJ, Xanthakis V, Yin X, Sullivan LM, Larson MG, Smith
HM, Vita JA, Mitchell GF, Sawyer DB, Vasan RS. Vascular endothelial growth
factor, its soluble receptor, and hepatocyte growth factor: Clinical and genetic

correlates and association with vascular function. Eur Heart J. 2009;30:1121-1127

151



207.

208.

209.

210.

211.

212.

213.

Ruggiero D, Dalmasso C, Nutile T, Sorice R, Dionisi L, Aversano M, Broet P,
Leutenegger AL, Bourgain C, Ciullo M. Genetics of vegf serum variation in human
isolated populations of cilento: Importance of vegf polymorphisms. PLoS One.
2011;6:16982

Conroy RM, Pyorala K, Fitzgerald AP, Sans S, Menotti A, De Backer G, De Bacquer
D, Ducimetiere P, Jousilahti P, Keil U, Njolstad I, Oganov RG, Thomsen T, Tunstall-
Pedoe H, Tverdal A, Wedel H, Whincup P, Wilhelmsen L, Graham IM. Estimation of
ten-year risk of fatal cardiovascular disease in europe: The score project. Eur Heart J.
2003;24:987-1003

D'Agostino RB, Sr., Vasan RS, Pencina MJ, Wolf PA, Cobain M, Massaro JM,
Kannel WB. General cardiovascular risk profile for use in primary care: The
framingham heart study. Circulation. 2008;117:743-753

Kanis JA, McCloskey EV, Johansson H, Oden A, Strom O, Borgstrom F.
Development and use of frax in osteoporosis. Osteoporosis international : a journal
established as result of cooperation between the European Foundation for
Osteoporosis and the National Osteoporosis Foundation of the USA. 2010;21 Suppl
2:5407-413

Cooney MT, Dudina A, D'Agostino R, Graham IM. Cardiovascular risk-estimation
systems in primary prevention: Do they differ? Do they make a difference? Can we
see the future? Circulation. 2010;122:300-310

Pencina MJ, D'Agostino RB, Vasan RS. Statistical methods for assessment of added
usefulness of new biomarkers. Clinical chemistry and laboratory medicine.
2010;48:1703-1711

Steyerberg EW, Vergouwe Y. Towards better clinical prediction models: Seven steps

for development and an abcd for validation. Eur Heart J. 2014

152



