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Thursday, October 8

9.007 12.00  Meeting of the Executive Committee

14.007 17.30 Registration

17.457 18.30 Introductory remarks

G. Lenaz
P. Navas
R. Lodi

18.357 19.00 v In Memory of Professor Svend Aage Mortensen w
Plenary Lecture
G.P. Littarru

19.15 Welcome reception (Palazzo Della Landlontagnani, Bologna)



Friday, October 9

8.307 10.10 Mitochondrial Bioenergetics
Chairpersons: M.L. Genova and R. Rossignol

Coffee break

8.30
8.55

9.20

9.45

R. Rossignol
U. Brandt

G. Paradies

J.A. Enriquez

Metabolic remodeling in physiology and pathology

The central role of ubiquinone in the proton pumping
mechanism of respiratory complex |

Role of cardiolipin in mitochondrial bioenergetics: molecular
and physiopathological aspects

Coenzyme Q redox status controls the dynamic configuration
of the mitochondrial electron transport chain by reverse
electron transport

10.5071 12.45 Bioenergetics of Ageing
Chairpersons: C. Franceschi and G. Lopez-Lluch

Lunch

10.50
11.15
11.40

12.05

12.30

G. Lopez-Lluch
C. Franceschi
A. Sanz Montero

K. Higuchi

F. Bruge

Coenzyme Q is an important factor in aging

The mitochondria beyond OXPHOS

Redoxstate of mitochondrial Coenzyme Q regulates ROS
production and determines lifespan in animals

Reduced CoenzymeddUbiquinol10) activates
mitochondrial functions and decelerates senescence by
activating sirtuin pathways and inhibitirtAMP
phosphodiesterases

Coenzyme @ content and oxidative stress during ageing in
human dermal fibroblasts cultured under different oxygen
tension



13.4571 16.15 Coenzyme Q Biosynthesis
Chairpersons: C. Santos-Ocafia and M. Kawamukai

13.45

14.10

14.35

15.00

15.25

15.50

Coffee break

C. Santos-Ocafla The dual function of Cog4p in yeast: the nucleation of

M. Kawamukai
M. Santoro

C.F. Clarke
D.J. Pagliarini

F. Pierrel

Coenzyme ghiosynthesis complex and the activation of
complex Ill

Biosynthesis of CofRin fission yeast

UBIADL1 is an antioxidant enzyme that regulates ¢oQ
synthesis in endothelial cells

Characterization of proteins associated with the mitochondrial
CoQ synthome in Saccharomyces cerevisiae

Elucidating the roleof COQ8 and COQ9 in Coenzyme Q
biosynthesis

About JABA and 4hydroxybenzoic acid in yeast Coenzyme Q
biosynthesis

16.4571 18.50 Coenzyme Q redox activities and reactive oxygen species
in cell signalling
Chairpersons: R. Stocker and M.L. Bolognesi

16.45

17.10

17.35

18.00

18.25

M.P. Murphy
P. Bernardi
R. Fato

R. Ritchie

R. Stocker

The role of CoQ redox state in mitochondrial superoxide
production

An in vivegenerated metabolite of idebenone is a promising
molecule for treatment of LHON

Effect ofCoQ,o supplementation on cellular bioenergetic status
and oxidative stress: an in vivo and in vitro study

Coenzyme @ targets mechanisms of diabetic cardiomyopathy
in pre-clinical models

A role for Coenzyme Q in celar metabolism



Saturday, October 10

8.007 10.05 Mitochondrial myopathies
Chairpersons: L. Salviati and M. Hirano

8.00 M. Hirano title t.b.c
8.25 R. Artuch Secondary Coenzymae dleficiencies
8.50 D. Ghezzi COQ4, a novetliseasegene for mitochondrial disorders

associated with Cofgdeficiency

9.15 E. Trevisson Primary Coenzyme fQdeficiency caused by COQ2 mutations:
functional characterization of the human gene and genetype
phenotype correlations

9.40 P. Yeske Therole of patient advocacy groups in facilitating the development
of therapeutics for mitochondrial disease

Coffee break

10.4071 12.20 Cardiovascular Diseases
Chairpersons: F. Rosenfeldt and P. Langsjoen

10.40 F. Rosenfeldt The effect of Coenzymed@n morbidity and mortality in chronic
heart failure
11.05 J. Langsjoen Statin cardiomyopathy: the invisible pandemic

11.30 A. Molardi Ubiquinol supplementation in the elderly patients undergoing
aortic valve replacement: biochemical and clinical eect
11.55 D. Pella Statin intolerancé definition, pathophysiology, risk factors and

management what is the role of CoenzymeQ
12.207 13.00 General assembly of the International Coenzyme Q10 Association

Lunch



14.007 16.05 Coenzyme Q and cell homeostasis
Chairpersons: J.M. Villalba and G. Dallner

14.00 J.M. Villalba Metabolic regulation by the antioxidant response axis:
mitochondrial and Coenzyme Q alterations produced by genetic
deletion of Nrf2 or NAD(P)H:quinone oxigeductase 1

14.25 M. Bernier Cytochrome breductase overexpression extends lifespan
14.50 D. Ross NQOZ1,; Structure, function, polymorphisms and redox changes
15.15 R. de Cabo Novel metabolic roles of NQOL1 in metabolic regulation

15.40 G. Dallner Effect of modified tocotrienols in diabetes

Coffee break
16.407 17.10 Poster session

17.107 18.25 Various clinical aspects
Chairpersons: G. Lenaz and Y. Yamamoto

17.10 V. Parisi Effects of Coenzyme;§bn retinatevoked and cortica¢voked
responses in patients with opangleglaucoma

17.25 Y. Yamamoto Increased oxidative stress in patients with amyotrophic lateral
sclerosis: the effect of edaravone administration and a possible
need for Coenzyme;gsupplementation

17.40 A. Knott Benefits of topical € treatment on human skin

17.55 G. Balercia Protective effect of Co@and aspartic acid on oxidative stress and
DNA damage in subjects affected by idiopathic asthenozoospermia

18.10 Y. Watanabe Therapeutic effects of ubiquinol on fatigue and chronic fatigue
syndrome

20.30 Social dinner (Palazzo Gnudi, Bologna)



8.301 9.45

Sunday, October 11

Gene regulation and epigenetics
Chairpersons: F. Doéring and D.J.M. Fernandez-Ayala

8.30 D.J.M. Fernandez-Ayala Survival transcriptome in the Coenzyme Q deficiency

8.55

F. DOring

9.20 J. L6pez-Miranda

syndrome is acquired by epigenetic modifications
Physiological functions ofhiquinone and wiquinok
dependent gene expression
Effects of the editerranean diet supplemented with
Coenzyme ¢ on oxidative stress and inflammatory response
in elderly men and women

9.457 10.30 Young Participant Award - In Memory of Professor Svend Aage Mortensen
Chairperson: G. Lenaz

9.45 D.J. Fazakerley
955 Z.Xu
10.05 M.A. Belousova
10.15 P. Ranadive

Coffee break

Loss of mitochondrial ubiquinone as a driver of insulin
resistance

Ubiquinol10 might suppress the aging process by inhibiting
type 4 cAMP phosphodiesterases

Intravenousadministration of solubilized CoenzymeyQ
provides neuroprotection in rat model of permanent cerebral
ischemia

Inverse metabolic engineering of Sporidiobolus johnsonii
ATCG20490 for improved production of Coenzymeg &d

its process ptimization

11.007 12.50 Multidisciplinary discussion: Ubiquinone vs. Ubiquinol
Chairpersons: P. Navas and G.P. Littarru

11.00
11.10

11.35

12.00

12.25

12.50 Concl

Lunch

G.P. Littarru
L. Tiano

L. Greci

Ch. Lopez-Pedrera

M. Failla

uding remarks

Ubiquinol versus ubiquinone

Effect of Ubiquinol on mitochondrial potentiahd oxidative
stress in relation to intensive physical exercise

On the reactions of endogenous Coenzymyendh nitric
oxide and its metabolite nitrogen dioxide

Potential impact of in vivohiquinol supplementation in the
prevention of atherothrombosis in antiphospholipid
syndromepatients. Preliminary results of a clinical trial
Why is the bioavailability of ubiquinol greater than that of
ubiquinone?

VI
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THE CENTRAL ROLE OF UBIQUINONE IN THE PR OTON PUMPING MECHANI SM
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U. Brandt

ROLE OF CARDIOLIPIN IN MITOCHONDRIAL Bl OENERGETICS: MOLECUL AR
AND PHYSIOPATHOLOGIC AL ASPECTS
G. ParadiegV. Paradies, F.M. Ruggiero, G. Petrosillo

COENZYME Q REDOX STATUS CONTROLS THE DYNAMIC CONFIGURATIO N OF
THE MITOCHONDRIAL EL ECTRON TRANSPORT CHAIN BY REVERSE ELECTR ON
TRANSPORT

J.A.Enriquez

COENZYME Q IS AN IMP ORTANT FACTOR IN AGI NG
G. LépezLluch

THE MITOCHONDRIA BEY OND OXPHOS
C. Franceschi

REDOX STATE OF MITOCHONDRIAL COENZY ME Q REGULATES ROS
PRODUCTION AND DETER MINES LIFESPAN IN AN IMALS
A. Sanz Montero

REDUCED COENZYME Q10 (UBIQUINOL -10) ACTIVATES MITOCH ONDRIAL
FUNCTIONS AND DECELE RATES SENESCENCE BYACTIVATING SIRTUIN
PATHWAYS AND INHIBIT ING CAMP PHOSPHODIESTERASES

K. Higuchi, Z. Xu, G. Tian, J. Huo, H. Kubo K. Hosoe, J. Sawashita

COENZYME Q10 CONTENT AND OXIDATIVE STRESS DURING AGEING IN HUM AN
DERMAL FIBROBLASTS C ULTURED UNDER DIFFER ENT OXYGEN TENSION
F. Bruge E. Damiani, P. Orlando, S. Silvestri, F. Marcheggiani, G.P. Littarru, L. Tiano

THE DUAL FUNCTION OF Coqg4pIN YEAST: THE NUCLEA TION OF COENZYME Q6
BIOSYNTHESIS COMPLEX AND THE ACTIVATION O F COMPLEX Il
E. GarciaTeston Paez, P. Navas Llgr€t SantosOcafa

BIOSYNTHESIS OF CoQ10IN FISSION YEAST
M. Kawamukai
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UBIAD1 IS AN ANTIOXI DANT ENZYME THAT REG ULATES Co0Q10SYNTHESIS IN
ENDOTHELIAL CELLS
R. Sewduth, E. Panieri, C. MilliM. Santoro

CHARACTERIZATION OF PROTEINS ASSOCIATED WITH THE MITOCHONDRIAL
CoQ SYNTHOME IN SACCHARO MYCES CEREVISIAE
C.F. ClarkeC.M. Allan, A. M. Awad, C H. He, A. Hsu, H. Tong Lam, A. Nag, K. Tsui

ELUCIDATING THE ROLE S OF COQ8 AND COQ9 N COENZYME Q BIOSYNT HESIS
D.J. Pagliarini

ABOUT PABA AND 4-HYDROXYBENZOIC ACID IN YEAST COENZYME Q
BIOSYNTHESIS

L. Payet, M. Leroux, M. Ozeir, U. Forsman,3ndelar, L. Pelosi, A. Ismail, C. Mell@razniek
M. FontecaveF. Pierrel

THE ROLE OF COQ REDO X STATE IN MITOCHOND RIAL SUPEROXIDE
PRODUCTION
M. Murphy

AN IN VIVO -GENERATED METABOLITE OF IDEBENONE IS A PROMISING
MOLECULE FOR TREATME NT OF LHON
V. Giorgio, M. Schiavone, M. Carini, T. Da Ros, M. Prato, F. Argenfo®etronilli, P. Bernardi

EFFECT OF CoQ1o SUPPLEMENTATION ON C ELLULAR BIOENERGETIC STATUS
AND OXIDATIVE STRESS: AN IN VIVO AND IN VITRO STUDY
C. Bergamini, A. Fetoni, D. Troiani, G. Lend&. Fato

COENZYME Q 1o TARGETS MECHANISMS O F DIABETIC CARDIOMYO PATHY IN
PRE-CLINICAL MODELS
R. Ritchie

A ROLE FOR COENZYME Q IN CELLULAR METABO LISM
A. Ayer, C.F. Clarke, IW. DawesR. Stocker

SECONDARY COENZYME Q 10 DEFICIENCIES
R. Artuch

COM4, A NOVEL DISEASE-GENE FOR MITOCHONDRI AL DISORDERS ASSOCIATED
WITH CoQ10DEFICIENCY
D. Ghezzi

PRIMARY COENZYME Q 10 DEFICIENCY CAUSED BY COQ2MUTATIONS:
FUNCTIONAL CHARACTER IZATION OF THE HUMAN GENE AND GENOTYPE-
PHENOTYPE CORRELATIO NS

E. TrevissonM. A. Desbats , M. SiliBenussi, P. Navas, L. Salviati

VIl



THE ROLE OF PATIENT ADVOCACY GROUPS IN FACILITATING THE
DEVELOPMENT OF THERA PEUTICS FOR MITOCHONDRIAL DISEAS E
P. Yeske

THE EFFECT OF COENZY ME Q10 ON MORBIDITY AND MORTALITY IN CHR ONIC
HEART FAILURE

S.A. MortensenE.L. RosenfeldtK. Filipiak, G.P.Litarru., K. Overvad, F. Skjgth, C. D. Sindberg,
P. Dolliner, G. Steurer; V. Nagy, J. Feh@r,Paragh, P. Filop, A. Kumar, H. Kaur, C.S. Ping,
A.A.A. Rahim, M. Bronisz, M. Stopinski, M. Marchel, A. Kapl&ieslicka, W. Sinkiewicz, B.
WozakowskKaplon, M. Bzymek, H. Wysocki, M. Krzciuk, D. Pella, I. Lazurova, U. Alehagen.

STATIN CARDIOMYOPATH Y: THE INVISIBLE PANDEMI C
PH. LangsjoenJ.O. LangsjoerA.M. Langsjoen.

UBIQUINOL SUPPLEMENT ATION IN THE ELDERLY PATIENTS UNDERGOING
AORTIC VALVE REPLACE MENT: BIOCHEMICAL AN D CLINICAL EFFECTS
F. Nicolini, A. Molardi, T. Gherli F. Brugé,P.Orlando,S. Silvestri,G.P.Littarru andL. Tiano

STATIN INTOLERANCE - DEFINITION, PATHOPHY SIOLOGY, RISK FACTOR S AND
MANAGEMENT 1 WHAT IS THE EROLE OF COENZYLE Q107
D. Pella

METABOLIC REGULATION BY THE ANTIOXIDANT R ESPONSE AXIS:
MITOCHONDRIAL AND CO ENZYME Q ALTERATIONS PRODUCED BY GENETIC
DELETION OF Nrf2 OR NAD(P)H: QUINONE OXIDOREDUCTASE 1

J.M. Villalba, J. Ariza, L. Fernandez del Rio, S.R. Levan, E. Mercken, H. Khraiwesh, J.A.
GonzalezReyes, L. Jodar, M.I. Burdn, M. Bernier, R. de Cabo

CYTOCHROME b5 REDUCTASE OVEREXPRESSION EXTENDS LIFESPAN
M. Bernier

NQO1; STRUCTURE, FUNCTION, POLYMORPHISMS AND RE DOX CHANGES
D. Ross D. Siegel

NOVEL METABOLIC ROLE S OF NQO1 IN METABOL IC REGULATION
R.de Cabo

EFFECT OF MODIFIED T OCOTRIENOLS IN DIABE TES
G. Dallner K. Brismar

EFFECTS OF COENZYME Q30 ON RETINAL -EVOKED AND CORTICAL -EVOKED
RESPONSES IN PATIENTS WITH OPEN-ANGLE GLAUCOMA
V. Parisi

INCREASED OXIDATIVE STRESS IN PATIENTS WITH AMYOTROPHIC LATE RAL
SCLEROSIS: THE EFFECT OF EDARAVONE ADMIN ISTRATION AND A POSSIBLE
NEED FOR COENZYME Q 10SUPPLEMENTATION

Y. Yamamoto M. Nagase, Y. Miyazaki, H. Yoshino

IX



BENEFITS OF TOPICAL Q30 TREATMENT ON HUMAN S KIN
A. Knott

PROTECTIVE EFFECT OF COQ10 AND ASPARTIC ACID ON OXI DATIVE STRESS

AND DNA DAMAGE IN SU BJECTS AFFECTED BY IDIOPATH IC

ASTHENOZOOSPERMIA

G. Tirabassi, A Vignini, L. Ti ano, E. Bul dr e
L. Mazzanti, A. LenzandG. Balercia

THERAPEUTIC EFFECTS OF UBIQUINOL ON FATI GUE AND CHRONIC FATIGUE
SYNDROME
Y. WatanabeS. Fukuda, K. Yamaguti, O. Kajimoto, K. Fujii, H. Kuratsune

SURVIVAL TRANSCRIPTO ME IN THE COENZYME Q DEFICIENCY SYNDROME IS
ACQUIRED BY EPIGENETIC MO DIFICATIONS
D.J.M. Fernande&yala, P. Navas Lloret

PHYSIOLOGICAL FUNCTI ONS OF UBIQUINONE AND UBIQUINOL DEPEND ENT
GENE EXPRESSION
F.Doring

EFFECTS OF THE MEDIT ERRANEAN DIET SUPPLEMENTED WITH COENZYME Q100N
OXIDATIVE STRESS AND INFLAMMATORY RESPONS E IN ELDERLY MEN AND
WOMEN

J.LopezMiranda

UBIQUINOL VERSUS UBIQUINONE
G.P.Littarru

EFFECT OF UBIQUINOL ON MITOCHONDRIAL POT ENTIAL AND OXIDATIVE
STRESS IN RELATION TO INTENSIVE PHYSICAL EXERCISE
L. Tiang, P.Orlando, SSilvestri, F. Brugé, T. Bacchetti, G.P. Littarru

ON THE REACTIONS OF ENDOGENOUS COENZYME Q10 WITH NITRIC OXID E AND
ITS METABOLITE NITROGEN DIOXIDE
L. Greci G. P. Littarru

POTENTIAL IMPACT OF IN VIVO UBIQUINOL SU PPLEMENTATION IN THE
PREVENTION OF ATHERO THROMBOSIS IN ANTIPH OSPHOLIPID SYNDROME
PATIENTS. PRELIMINAR Y RESULTS OF A CLINI CAL TRIAL ,,

Ch. LopezPedreraC. PérezSanchez, M.A. Aguirre, F. Velasco, P. Ruimmon, N. Barbarroja, Y.
JiménezGomez, P. Segui, E. Collantestévez, L. Fernandez del Rio, J.A. Gonz&teyesM.J.
Cuadrado, J.M. Villalba

WHY IS THE BIOAVAILA BILITY OF UBIQUINOL GREATER THAN THAT OF
UBIQUINONE?
M. Failla, C. Chitchumroonchokchai



ABSTRACTS of POSTERS

P1. INTRAVENOUS ADMINISTRATION OF SOLUBILIZED COENZYME Q 19
PROVIDES NEUROPROTECTION IN RAT MODEL OF PERMANENT CEREBRAL
ISCHEMIA.

M.A. Belousova, O.S. Medvedev, E.A. Gorodetskaya, E.l Kalenikova

P2. AGE-DEPENDENT CHANGES IN COENZYME Q -SYNTHESIS COMPLEX
TRANSCRIPTOME

C. CamposSilva, I. ReyesTorres, M. Rivera, C. Mezaorres, E. RodrigueBies, P. NavgasG.
LopezLluch

P3. RNA-BINDING PROTEINS REG ULATE CELL RESPIRATI ON AND COENZYME Q
BIOSYNTHESIS BY POST-TRANSCRIPTIONAL REGU LATION OF COQ?7.
M. V. Cascajo, E. Siendones, J. M. Cuezva, D. M. FernaAgala, P. Navas, M. Gorospe

P4. VITAMIN K2 CANNOT SU BSTITUTE COENZYME Q 1;0AS ELECTRON CARRIER
IN THE MITOCHONDRIAL RESPIRATORY CHAIN OF MAMMALIAN CELLS
C. CerquaA. Casarin L. Salviati, E. Trevisson.

P5. MOLECULARLY IMPRINTE D SOLID PHASE EXTRAC TION BEFORE Co0Q1o
ANALYSIS FROM TWO CO MPLEX MATRICES.
M. Contin, C. Garcidecerra, M. Moretton, S. Flor, D. Chiappetta, S. Lucangioli, V. Tripodi

P6. UBIQUINOL SUPPLEMENT ATION REDUCES OXIDAT IVE DAMAGE
ASSOCIATED TO STRENUOUS EXERCISE

J. DiazCastro, A. Sarmiento, N. Kajarabille, M. Pulititoran, J. Morend-ernandez, V.M. Os&.
Hijano, J.J. Ochoa

P7. PLASMATIC AND INTRACELLULAR MARKERS OF OXIDATIVE STRESS IN
NORMAL WEIGHT AND OBESE PATIENTS WITH POLYCYSTIC OVARY

SYNDROME

C. Di Segni,S.Raimondg A. Mancini, F.Guidi, D. Romualdj R.Apa, A. LanzoneC. Bergaminj
F.Volta, R. Fato

P8. LOSS OF MITOCHONDRIA L UBIQUINONE AS A DR IVER OF INSULIN
RESISTANCE

D. J. Fazakerley, R.Chaudhuri, G. J. Maghzal, C. Suar¥ang, C C. Meoli, S J. Humphrey, K
H. FisherWellman, JR. Krycer, B L. Parker, KC. Thomas, .JR. Junutula, ZModrusan, G
Kolumam, JY. Yang, K L. Hoehn, R Stocker D. E. James

P9. UBIQUINONE AND UBIQU INOL DEPENDENT GENE EXPRESSION SIGNATURES
UNDER AD LIBITUM AND DIETARY RESTRICT ION CONDITION IN THE MODEL
ORGANISM C. ELEGANS

A. Fischer, P. Niklowitz, TMenke, F. Déring

Xl



P10. CONTROL OF MITOCHONDRIAL SUPERO XIDE I N GLIOBLASTOMA
MULTIFORME: IMPACT O N TUMOR METABOLISM, NEOVASCULARIZATION A ND
INFLAMMATION

J. FrontindrRubio, R. Santiag®lora, M. V. GomezAlmagro, M. Villar-Rayo, G. FerrirBanchez,
J. R. Peinado, J. M. Villalba, FAlcain, M. DuranPrado

P11. NONLINEAR PHARMACOKINETIC OF SOLUBILIZED
UBIDECARENONEAFTER INTRAVENOUS ADMINISTRATION
E.A. Gorodetskaya, E.I. Kalenikova., O.S. Medvedev

P12. THE COENZYME Q s SYNTHESIS REGULATION BY THE COUPLE Coq7p/Ptc7p
INTEGRATES THE CELL BIOENERGETICS STATE WITH THE MITOCHONDRI AL
HOMEOSTASIS IN SACCHAROMYCES CEREVSIAE.

P. Gutiérrez Rigd. GonzalezMariscal A. MartinrMontalvo, P. Navas, C. Sant@8cafa

P13. COENZYME Q 10 LEVELS ARE DECREASED IN THE CEREBELLUM OF
MULTIPLE -SYSTEM ATROPHY PATIE NTS

|. HargreavesL. V. Schottlaender C.Bettencourt A. P. Kiely, A. ChalasaniV. Neergheen] L.
Holton, H. Houlden

P14. TISSUE DISTRIBUTION AND PHARMACOKINETIC PROFILE OF COENZYME
Q10DURING 8 DAYS AFTER INTRAVENOUS ADMINISTRATION
E.l. Kalenikova, E.AGorodetskaya, O.S. Medvedev

P15. THE EFFECT OF LONG -TERM INTAKE OF UBIQU INOL ON IMPROVING
QUALITY OF LIFE FOR COMMUNITY RESIDENTS
T. Kinoshita, K. Maruyama, T. Tanigawa

P16. EVALUATION OF PLASMA COENZYME Q 10IN ADULTS PATIENTS WITH
GROWTH HORMONE DEFICIENCY
A. Mancini, C.Di Segni, SRaimondo, POrlando, SSilvestri, L. Tiang G.P.Littarru

P17. COENZYME Q 10SUPPLEMENTATION IMPROVES ETHYNY L ESTRADIOL -
INDUCED CHOLESTASIS IN RATS
M. Martinefski, M. Rodriguez, S. Lucangioli. Bianciotti, V. Tripodi

P18. EFFECT OF SHORT- AND LONG-TERM COMPLETE STARVATION AND
REGENERATION DIET ON ANTIOXIDANTS, OXIDATIVE STRESS AND KIDNEY
FUNCTION

V. Mojto, A. GvozdjakovaJ. Kucharskal . Mi, 8. Rausovald. Valuch

P19. PURIFICATION AND CHA RACTERIZATION OF HUM AN RECOMBINANT COQ4
L. Morbiato, F.Tonello, P Berto, G. Zanotti, MA. Desbats, CMontecucco, L. Salviati
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P20. UBIQUINOL SUPPLEMENT ATION POSITIVELY COR RELATES WITH
REDUCED SKELETAL MUS CLE DAMAGE IN PROFES SIONAL FOOTBALL
PLAYERS.

|. NavasEnamorado, A. Sanch&zuesta, P. Bjork, J. del Rio, T. Viar Lekue, F. Angulo, P.
Navas, G. Lopetluch

P21. IDENTIFICATION OF PO PULATION SUBGROUPS WITH CRITICAL
UBIQUINOL STATUS
S. Onur, A. Fischer, P. Niklowitz, T. Menke, F. Déring

P22. THE EFFECT OF DIETAR Y INTAKE OF COENZYME Q3pON SKIN
PARAMETERS AND CONDI TION: RESULTS OF A PLACEBO-CONTROLLED HUMAN
STUDY

T. Pogal nikGmiJt eleGmi t ek

P23. INVERSE METABOLIC EN GINEERING OF SPORIDIOBOLUS JOHNSONII ATCC-
20490 FOR IMPROVEDPRODUCTION OF COENZY ME Q10AND ITS PROCESS
OPTIMIZATION

P. Ranadive, A. Mehta, &eorge

P24. MODELING COENZYME Q 10 DEFICIENCY USING IPS CELLS

D. RomereMoya, C. SantosOcafiaP. GonzalezRodriguezJ. A. RodriguezGémez,| Velascq J.
CastafipA. Giorgetti M. F Fraga A. FernandezC. Bueno,J. LépezBarneo,P. Navas P.
Menendez.

P25. UBIQUINOL REDUCES PLASMA OXIDATIVE STR ESS, HYPOXIA AND THE
THICKNESS OF THE MIC ROVASCULATURE BASEME NT MEMBRANES IN THE
HIPPOCAMPUS OF THE 3xTg-AD MOUSE MODEL OF ALZHE IMER DISEASE.

F. J. Sanchdielsa, J. Frontifian, R. Santialora, J. R. Peinado, .IGimenezLlort, M. Duran
Prado, F. JAlcain

P26. UBIQUINOL -10 DECELERATES SENESCENCE AND AGE-RELATED
DISORDERS VIA THE AC TIVATION OF THE AMPK -SIRT1 PATHWAY AND TH EIR
DOWNSTREAM MOLECULES

J. Sawashitas. Tian, Z. Xu, H. Kubo, M. TsuruokaK. Hosoe, K Higuchi

P27. PLASMA MEMBRANE NADH-CoQ REDUCTASE CONNECTS AEROBIC
METABOLISM WITH AGEING
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IN MEMORY OF SVEND AAGE MORTENSEN

Gian Paolo Littarru

It is my great pleasure and honor to open this meeting in Bologna, where my research adventure
with Coenzyme @ started. At that time, almost fifty years ago, Prof.Lenaz, the chairman of this
meeting, introduced me to the research issue of specificity of different ubiquinone homologs for the
inner membrane of yeast mitochondria. Soon after, as a young postdbe #tbstitute for
Biomedical Research, in Austin Texas, | shifted my attention to the human heart. For the first time
it was possible to investigate the GgQstatus in mitochondria isolated from the failing heart: a
deficiency was found, which corretat with the extent of cardiac failure. Several years later Dr
Folkers started his cooperation with a Danish cardiologist, Svend Aage Mortensen, who sadly left
us earlier this year, and to whom this introductory lecture is dedicated. With the new HPLC
technique it was possible to analyze the go€dntent of ventricular heart biopsies provided by
Prof Mortensen. The Ca@content of the heart muscle of cardiac patients in NYHA class Il and

IV was lower than the corresponding ones obtained for patierdlass | and Il; this confirmed the
values we had found about fifteen years earlier with the enzymatic differential assay. Encouraged
by this data Prof.Mortensen extended his research to the effect ab @o@nimal models of
cardiopathy, and in pants affected by heart failure. My cooperation and friendship with Prof.
Mortensen began in 1985, and he was one of the founding members of the International Coenzyme
Quo0 association when, back in 1997, | started this endeavour. In those years thieaigerssible
multicenter clinical study with CofQ in Heart failure began to develop. It was owing to the
enthusiasm and great work of this esteemed friend that the Q SYMBIO study could initiate, several
years later, together with the efforts of the Inédional CoQy Association and of Pharma Nord.

The laboratory of the International CafAssociation in Ancona was the reference lab where blood
samples of this double blind multicenter study were sent. It is interesting to note that during those
years wlen | analyzed the Ca@and NT-proBNP content in sa from the enrolled patientgie

started a new research field in Ancona, aimed at elucidating the vascular implications 1€f CoQ
Thanks to the remarkable efforts of Dr Belardinelli and Dr Tianoetfezts of Coenzyme Qon

Flow Mediated Dilation and on extra cellular SOD were highlighted. The results of the Q Symbio
study were made public after intensive, fruitful interchange with the referees of the paper. The
findings of this study, positiveand encouraging, were eventually published, just a few months
before Prof. Mortensen started his final personal battle, after concluding the great work of his life.



METABOLIC REMODELING IN PHYSIOLOGY AND PA THOLOGY

Obre E., Bellance N., Esteves P., Brillac A., Lalou C., ImasawRdksignol R.

Laboratory of Rare DiseasesGenetics and Metabolism, University of Bordeaux (Bordedtrance).

Human tissues differ by the type and the amount of energy substrate that they use and store, as
dictated by their geneticalgrogrammed «netabolic rigidity» which defines the expression of
tissuespecific catabolic and anabolic enzymes. In contrasbtmal tissues, most tumors develop a
dramatic «metabolic flexibility», which could allow them to consume whatever energy substrate is
available. Cancer cells also avoid the metabolic control by insulin, growth factors and energy
substrate starvation okeess. Such flexibility is made possible by the molecular rewiring of several
metabolic pathways, which undergo branching, truncation and reversal, as extensively documented
for the Krebs cycle in the last decade. Nowadays, 1acgée analyses of compretseve
proteomics, transcriptomics and metabolomics, potentially supported by computer modeling of
metabolism and genetic approaches ofgathways validation, allow to decipher the fine changes

in cell metabolism, both in physiology and pathology. Thaséems of metabolic deviations and

the corresponding genetic signatures can be confirmed by flux analyses3asiabeled isotopes

of relevant metabolites. Analysis of deviant metabolism can identify potential targets so that
therapeutic strategies caube derived from this knowledge, and preclinical studies are ongoing to
alter alternative metabolic pathways in cancer and other diseases. During this talk, | will present our
work on metabolic remodeling in different models.



THE CENTRAL ROLE OF UBIQUINONE IN THE PRO TON PUMPING
MECHANISM OF RESPIRA TORY COMPLEX |

Ulrich Brandt+?

!Nijmegen Center for Mitochondrial Disorders, Radboudumc Nijmegen, Netherlands
‘Cluster of Excellence Fr ankf u-tniversity &rankforamoMam,cGermany C o mg

Complex | (NADH:ubiguinone oxidoreductase), the largest moment of the respiratory chain,
contains one FMN and eight ireulfur clusters as prosthetic groups and is composed of some 40
subunits with a total mass of ~1,000 kDa (Braraff)6). Human complex | deficiencies are the
most frequent cause of inherited mitochondrial disorders and have been implicated in different
neurodegenerative disorders and biological ageing. Despite its central importance, our knowledge
about complex | istill rather limited.

Complex | uses the energy released by the transfer of two electrons from NADH to ubiquinone to
pump four protons across the bacterial plasma membrane or the inner mitochondrial membrane. The
ubiquinone chemistry that takes place the peripheral domain plays a pivotal role in this
mechanism of energy conversion, by providing the energy that drives vectorial proton transport at
the four putative pump sites in the membrane domain complex |.

By solving the Xray structure of complete itnchondrial complex | fronmYarrowia lipolyticato a
resolution of 3.63.9 A (Zickermann et al, 2015), we obtained deep insight into the molecular
mechanism of rededriven proton pumping and its regulation by thecalled active/deactive
transition. Thestructure is in line with a twetate stabilization change mechanism involving a
concerted structural rearrangement that is driven by the stepwise reduction and pronation of
ubiquinone (Brandt, 2011). The mechanism has immediate implications for oustandérg of
different pathophysiological conditions involving mitochondrial function.
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ROLE OF CARDIOLIPIN IN MIT OCHONDRIAL BIOENERGETICS:
MOLECULAR AND PHYSIO PATHOLOGICAL ASPECTS

G. Paradiesy. Paradies, F.M. Ruggiero and G. Petrosillo

Department of Biosciences, Biotechnologies Biogpharmaceutis, University of Bari and National Research Council ,
Institute of Biomembranes and Bioenergetics, Bari, Italy

Cardiolipin (CI) is a unigue phospholipid which is located at the level of the inner mitochondrial
membrane (IMM), where it is bsynthesized. Considerable progress has recently been made in
understanding the role of CL in mitochondrial function in wealth and disease. This phospholipid is
known to be intimately involved in several mitochondrial bioenergetic reactions, includicigoele
transport chain, metabolites translocation, binding of cytochrome ¢ to IMM and functioning of the
multiple other IMM proteins and enzymes. Cl is also emerging as an important player in the
control of the mitochondrial phase of apoptosis, in aiitmdrial membrane stability and dynamics

and in protein import. Cl is particularly susceptible to ROS attack due to its high content of
unsaturated fatty acids. Oxidative damage to CL would negatively impact the biochemical function
of the IMM, alterirg ion permeability, structure and function of respiratory chain complexes and
their organization into supercomplexes, cytochrome C binding to IMM, resulting in reduced
mitochondrial oxidative phosphorylation efficiency. Alterations in Cl structure, cbated acyl
chains composition have been associated with mitochondrial dysfunction in multiple tissues in
several physiopathological situations, including heart ischemia/reperfusion, different thyroid states,
diabetes, aging, Barth syndrome as well as aedith. Preservation of mitochondrial CL content
and integrity by chemical reagents may provide a potential treatment for these diseases.



COENZYME Q REDOX STATUS CONTROLS THE DYNAMIC
CONFIGURATION OF THE MITOCHONDRIAL ELECTR ON TRANSPORT
CHAIN BY REVERSE ELECTRON TRANSPORT

José Antonio Enriquez

Fundacion CNIC Carlos It Centro Nacional de Investigaciones Cardiovasculakésdrid, Spain.

Electrons feed into the mitochondrial electron transport chain (mETC) from- NABAD-
dependenénzymes. A shift from glucose to fatty acids increases electron flux through FAD, which
can saturate the oxidation capacity of the dedicated coenzyme Q (CoQ) pool and result in the
generation of harmful reactive oxygen species. To prevent this, the mEEGstsucture can be
reconfigured through the degradation of respiratory complex I, liberating associated complex Il to
increase electron flux via FAD at the expense of NAD. Here we demonstrate that this adaptation is
driven by the ratio of reduced to oxdd CoQ. Saturation of CoQ oxidation capacity induces
reverse electron transport from reduced CoQ to complex I, and the resulting local generation of
superoxide oxidizes specific complex | proteins, triggering their degradation and the disintegration
of the complex. CoQ redox status thus acts as a metabolic sensor thaindaemETC
configuration to match the prevailing substrate profile.



COENZYME Q IS AN IMPORTANT FACTOR IN AGING

Guillermo LépezLluch

Centro Andaluz de Biologia del Desarro{lBABD-CSIC), Departamento de Fisiologia, Anatomia y Biologia Celular,
Universidad Pablo de Olavide, CIBERER, Instituto de Salud Carlos I, Seville, Spain.

Introduction.

Aging is an irremediable process accompanied by the accumulation of damagedestranti
oxidized molecules in cells, malfunction of metabolism and dysregulation of protective mechanisms
such as antioxidants enzymatic activities, pr
of metabolic processes and the accumulation ofiaikie damage due to dysregulation of
antioxidant mechanisms seem to be key factors. Taken into consideration that coenzyme Q (Q) is an
essential factor in both, metabolism and membierked enzymatic activities, we consider Q as a

key factor in aging. Aorief revision of the last findings on the role of Q in aging permits us to reach
this conclusion.

Age-dependent effect of caloric restriction on @dependent activities in plasma membrane.

It is known that caloric restriction (CR) is one of the most@i¥e methods to increase longevity

or healthspan in different animal models from yeast to monkeys. Several yeast ago, we
demonstrated that plasma membranddgpendent activities such as Cytochrom&beductase and
NQO1, increase in mice and rat liver lmtly in old animals (1,2). This same effect was found in
brain (3). This effect has been associated not only with a higher protection of membrane against
oxidation but also in metabolic control since the activity of this system in plasma membrane has
beenlinked to the oxidative activity in mitochondria (4). However, to date, no information about
how the ageelated modulation of Q levels and activities in plasma membrane occurs and the
mechanisms involved are known.

Recently, we have studied thelationship among oxidative stress, ageing and coenzyme Q levels in
mice liver. Oxidative stress was measured in mitochondrial fraction by determining levels of
peroxidation and protein nytrotyrosine levels, in both cases increasing levels were found in
mitochondria from aged animals (18 months) in comparison with young (1 month) or mature (6
months) animals. This higher oxidative profile was accompanied by a decrease in the glutathione
peroxidase activity and an increase in Cytochropreductase actiwt Levels of Q also decreased

in mitochondria from livers of 18 months aged mice although mainly affectilgw@ls whereas

Quo levels increased. This effect produced a clear decrease in the &)@ i@ liver mitochondria

with age. This tendency was accompanied by a lower level of CoQ7 protein in mitochondria.
Furthermore, recent results indicate that the mRNA levels of many of the components of Q
synthesis show a biphasic curve increasing in matoir@ads and decreasing in old animals that
show similar levels of expression than young animals. This is important and obligates us to revise
the evolution of the expression of key components during aging. Furthermore, recently we have
shown that CR can mathte the expression of these genes in an edgpendent effect indicating a

more complex scenario where age of the individual and organ introduce new factors to be taken into
consideration.

Q levels are affected by exercise in human blogadasma.

Another important issue is the role of Q in the prevention of oxidative damage in blood plagsma. Q
in human plasma is mainly associated to lipoproteins and especially to LDL. We have determined
the effect of physical activity on the levels ofo@ human plama and the peroxidation degree (5).
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Interestingly, we have determined that physical activity decreageirQplasma in young
individuals, however, in old people, higher level of physical activity were accompanied by higher
levels of Qg and lower proxidation of lipids and oxidation of LDL. Furthermore, our studies have
demonstrated that sedentarism is associated with lowgle@ls in plasma and higher oxidative
markers (6).

Conclusions.

All these studies demonstrate that Q must be takencimsideration as an important factor in
aging because it seems to be related to the deterioration of mitochondrial activity during aging and
in regulatory mechanisms involved in the protection of cell membranes and importantly plasma
membrane during agin@ther important evidence of the role of Q in aging is that CR, exercise and
even resveratrol are able to modulate its levels in cell membranes and lipoproteins and the
expression of the components of the its synthesis. These evidences reinforce thfeandedper
research on the role of Q in aging.
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THE MITOCHONDRIA BEY OND OXPHOS

Claudio Franceschi

DIMES, University of Bologna an@&®CCS, Institute of Neurological Sciences of Bologna, Bologna, Italy

Mitochondria are key organelles for cdiioenergetics, as they are involved in Oxidative
Phosphorylation (OXPHOS) and betaidation of fatty acids. Due to the OXPHOS activity, they

are also the major source of Reactive Oxygen Species (ROS), that are a leading cause of damage tc
macromolecules Finally, it is established that mitochondria play also a role in apoptosis (intrinsic
pathway). However, beside these wailbwn activities, new emerging roles for mitochondria in

cell biology have been discovered, in particular as far as the aging oélth&uch a new role of
mitochondria will be discussed in the presentation. In particular, the following topics will be
covered: i. the role of mitophagy (a specialized form of autophagy aimed at disposing dysfunctional
mitochondria) and of the complerterplay between mitochondria and telomeres in the process of
cell senescence; ii. the mitochondria as core player in the activation of inflammasomes, and their
possible role in inflammaging, the chronic, kgnade inflammatory process characterizing old
persons; iii. the spreading of signals originating from mitochondria to other cells and tissues, such
as humanin; allowing cells to communicate with each other; finally, the hypothesis that aging can
spread from cell to cell and from tissue to tissue thmotlngs kind of signaling molecules will be
discussed.



REDOX STATE OF MITOC HONDRIAL COENZYME Q REGULATES ROS
PRODUCTION AND DETER MINES LIFESPAN IN AN IMALS.

Alberto Sanz

Institute for Cell and Molecular Biosciences, Newcastle University Institute for Ageing, Newcastle University,
Newcastle upon Tyne, United Kingdom.

The mitochondrial electron transport chain (ETC) is the main generator of Reactive Oxygen Species
(ROS) inmost cellular types. ROS can cause oxidative damage if they are produced in excess, but
are also essential cellular messengers implicated in maintaining homeostasis. The redox state of the
ubiquinone pool (CoQ) determines the amount of electrons thatEl€&kand univalently reduce
oxygen to superoxide. We report that the ectopic expression of an alternative NADH dehydrogenase
(NDI1) Tin Drosophila melanogasterincreases the reduction of CoQ. This generates reverse
electron transport (RET) at respiratocpmplex I, and greatly increases the levels of ROS.
Interestingly, we show that these ROS extend lifespan since cancellation of this signal, expressing
an alternative oxidase¢hat maintains the CoQ oxidizeduppresses the extension in lifespan. We
demorstrate that RET is able to partially compensate the knockdown of superoxide dismutase 2,
indicating that cells are able to distinguish ROS associated with RET. Finally, we show evidence
that RET is able to prevent the onset of-agjated diseases. Knockan of PINK1 caused a
Parkinsorlike phenotype characterized by reduced complixkked respiration, reduced mobility

and shorten lifespan. Expression of NDI1 in a Pinkl depleted background rescues all these three
phenotypes, showing that RET may be a tiesvapeutic option.



REDUCED COENZYME Q 1o (UBIQUINOL -10) ACTIVATES
MITOCHONDRIAL FUNCTI ONS AND DECELERATES SENESCENCE BY
ACTIVATING SIRTUIN P ATHWAYS AND INHIBITI NG cAMP
PHOSPHODIESTERASES

Higuchi Keiich*? Xu Zhé', Tian Gend, Huo Jid, KuboHirosh, Hosoe Kazunofi
and Sawashita Jinkd

'Department of Aging Biology, Institute of Pathogenesis and Disease Prevention, Shinshu University Graduate School
of Medicine, Matsumoto, JapafDepartment of Biological Sciences for Intractable Neurological Diseases, Institute for
Biomedical Sciences, Interdisciplinary Cluster for Cutting Edge Research, Shinshu University, Matsumoto, Japan.
®Biotechnology Development Laboratories, Kaneka CorponaiHyogo, JaparfFunctional Food Ingredients
Marketing Group, QOL Division, Kaneka Corporation, Osaka, Japan.
keiichih@shinshw.ac.jp

Our studies have revealed significantly delayed senescence anelaigd hearing loss (AHL) in
Senescencaccelerated mouse profie(SAMP1) mic® given supplementation with reduced form
of coenzyme @ (ubiquinot10) %, but the mechanism of action of this effect has remained
unclear.Here, we report that dietary ubiquirbd supplementation preats ageelated decreases

in the expression of NADB-dependent protein deacetylag8tRT1 and SIRT3)which results in the
activation of peroxisome proliferatactivated receptor gamma coactivattr(PGG1U), a major
factor that controls mitochondrialidgenesis and respiration, as well as superoxide dismutase 2
(SOD2) and isocitrate dehydrogenase 2 (IDH2), whichraitechondrial antioxidant enzymigs
Ubiquinok10 supplementation prevented agéated decrease in mitochondria complex | activity
and nunbers of mitochondria and agelated increase in oxidativ@ressmarkers.Ubiquinol10
suppressed the staining of senesceassociatedb-galactosidase (ShA-gal) in SAMP1 mouse
embryonic fibroblast (MEF) cells.

Furthermore, ubiquinelO increased levelsf cAMP by ativating adenylate cyclase (AC) and
repressig phosphodiesterase®DEs) in HepG2 cells. In particulambiquinol10 decreased the
expression levels d?PDEs without affecting the specific activities of PDEs. The increased cAMP
may activate cMP response elemebinding protein (CREB) and AMActivated protein kinase
(AMPK) and activate sirtuin pathway.

These findings suggest that ubiquiidl supplementation to activate sirtuin pathway could prevent
mitochondrial decay associated with agingd atlecelerate agelated diseases by increasing
oxidative stress resistance in SAMP1 mice (Figure 1). Further studies should be performed to
elucidate the mechanism by which ubiquii0l activates sirtuin pathway using SAMP1 and other
strains of mice andarious cell lines.
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Figure 1. Possible mechanism of the artaging effects of ubiquinot10 supplementation

Ubiquinok10 may increase thievel of cAMP byadivating stimulatory G proteit}subunits (&k) and repressig
inhibitory G proteinU-subunits (&l) andPDEs. Increased cAMP lewgsctivate SIRT1 and PGC Uy increasing the
levels of phosphorylated CREB, LKHliver serine/threonine kinase Bajhd AMPKin turn. SIRT1 deacetylates dn
activates PG€ Uhat can therinduce SIRT3 in mitochondria thougfE RRU ( ersé¢ Ir atged ),mbicre pt or
activates SOD2, IDH2, and mitochondrial genes through NfRE&lear factor erythroid-gelated factor 2) antiFAM
(mitochondrial transcription factor A)Activated SOD2, IDH2,and GSH (reduced glutathione)decreases ROS
(reactive oxygen specievels and increases the activity of mitochondrial electron transport chain complexes | and IV.
Together, these effects may protect tissues from oxidative stress and prevent the accelerated senescerglatadd age
diseases includind\HL, seen in SAMPImice. P P A PBberoxisome mliferator-activated recepteld. Figure 1 was
modified from Fig 8 in reference 4.
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COENZYME Q 10 CONTENT AND OXIDATIV E STRESS DURING AGEING
IN HUMAN DERMAL FIBR OBLASTS CULTURED UNDER DIFFERENT
OXYGEN TENSION

Brugé F%, Damiani E?, Orlando P, Silvestri &, Marcheggiani B, Littarru GP? Tiano L?

Dipartimento Scienze Cliniche Specialistiche ed Odontostomatologiche, Universita Politecnica delle Marche, Ancona,
Italy;bDi partimento Scienze della Vita e dell 8Ambi ent

The ageing process is due to different detrimental changes in cells and tissues, leading to an
increase in proteins, nucleic acids and lipids oxidatiodeéd, during ageing, oxidative stress
determined by reactive oxygen species (ROS) increases. However, recent reports highlight the
potential beneficial effects of ROS that could be involved in cellular regulation by acting as signal
mediators. From thisgint of view, ROS are considered agents that increase lifespan and represent
adaptations to toxicity.

In this context, mitochondria, which are the main source of ROS, play a pivotal role. Approximately
1% to 5% of the oxygen consumed by mitochondria i$igly reduced and converted to these
species. CoenzymeQis involved in these processes both in relation to its bioenergetic and
antioxidant role.

The aim of our study was to evaluate the oxidative status and ageing markers in cultured human
dermal filroblasts (HDF) undergoing replicative senescence and grown both at 21% ang 5% O
Cell cultures are commonly maintained under standard atmospheric oxygen g20%r@oxia)

which is far from the 5% physiologicalL@nsion (hypoxia) typically experiencegt HDFin vivo.

The results obtained highlight -gal&cwmdidase dassayand e i n
pl6 gene expression, is faster in cells grown under normoxia. However, despite observing an higher
production of superoxide anion at thetmchondrial level, particularly during early passages,
cytoplasmic ROS levels were lower compared to those in HDF maintained under hypoxia. Our data
demonstrate that antioxidant defences constitute a mechanism that is induced as an adaptive
response whichinvolves both enzymatic (SOD1) and rRemzymatic antioxidant systems
(Coenzyme @). In conclusion, these processes represent a homeodynamic adaptation to mild
oxidative stress and the underlying molecular mechanisms could be used to develop hew anti
ageirg strategies.
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THE DUAL FUNCTION OF Coqg4pIN YEAST: THE NUCLEA TION OF
COENZYME Q¢ BIOSYNTHESIS COMPLEX AND THE ACTIVATION O F
COMPLEX I

Elena Garcialeston Paez, Placido Navas Lloret &atlos Sante®cana

Centro Andaluz de Biologia del Desarrcl@5IC, CIBERERUniversidad Pablo de Olavide

Although the molecular function of the Coqg4 protein in @dfpsynthesis is not completely
understood, much evidence has demonstrated a function of Cog4p on the nucleation and assembly
of the CoQ biosynthetic complexl,2]. In recent years growing evidence has indicated that protein
phosphorylation is involved ithe complex assembly and its regulation. In that way several
phosphoproteins have been identified as components of the complex such as Coq3p, Cog5p and
Coq7p, a phosphatase such as Ptc7p and also a kinase like[80od]8p

Although the real effect of aemtion or inactivation of phosphorylation is not clear, we have
analyzed the function of protein phosphorylation on the complex nucleation through the role of
Cog4p. Sequence analysis searching for phosphoprotein motifs allowed to find three putative
resicdues located far from the zinc finger motifs required to the isoprenoid binding of (&gZjme
modification of phosphoaminoacids to alanine produce a moderate decrease witro
phosphorylation but the expression of mutated versions of Cog4p abolighepowth in non
fermentable carbon sources. However the £d€ermination in mitochondrial samples indicated
that these mutants are not deficient in @bi@synthesis. In parallel, respiratory Ebnsumption in

whole cells decreased compared to wild etypells while endogenous oxidative stress was
unaffected. Mitochondrial respiratory chain activities remained intact with the exception of complex
[l and complex I+1l. Since CoQis produced at wild type levels and the ratio gf(@H, remains
constantm phosphomutants the defect is not produced due to the lack gfo€ QgH-.

One option to explain the respiratory defect is the unavailability ofgGoQcomplex Ill. When

cells are supplemented with exogenous §;gfDosphomutants are unable to restbeedgrowth in

YPG, contrary to othelCOQ4 mutants such as Cog4 defective in Co@ biosynthesis[9].
Surprisingly, the negative control 2Z0Q4null mutant strain) did not recover the growth in YPG
after CoQ supplementation while in other null mutant steasuch a€0Q5growth recovering was
successful. The recovery of YPG growth after @e@pplementation is a general feature of null
mutants of Co@synthesis that it is not produced @OQ4 mutants. This supports the idea of the
requirement of Cog4p to the nucleation and assembly of the biosynthetic complex.

Our hypothesis is that Cog4p shows two roles on mitochondrial function: the nucleation of the
complex and it is also required for thealslization of complex Ill. The first function is probably
carried out through the binding to the early G@@ecursor HHB. That function fails in previously
described point mutants such as cdgghat can be recovered with exogenous £ekile it was not
produced in phosphomutants. The second function is interacting with respiratory complexes such as
complex Il to provide Cog an endogenous component of this complgx11] In this sense the
steady state of mitochondrial respiratory complexes analpze®N-PAGE demonstrated that
complex patterns are modified in phosphoprotein mutants of Cog4p. This opens a new window to
the study of Co@ biosynthesis regulation, the possibility that Q synthesis is connected with
mitochondrial respiratory chain activas directly, even physically producing large supercomplexes.
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BIOSYNTHESIS OF CoQyIN FISSION YEAST

Makoto Kawamukai

Faculty of Life and Environmental Science, Shimane University, Shimar@5640 Japan.
E-mail: kawamuka@life.shimangac.jp

My group has been focused on the biosynthesis of :&@Qd its roles in fission yeast
Schizosaccharomyces pomli¢. One of the reasons to study fission yeast is the status that this
yeast has been extensively studied as a model organism for basic research with accumulating
knowledge. Studies osuch a modebrganisms contribute the understanding of roles of human
genes involved in the CoQ biosynthesis, as we showed that O@@mgene counterparts mostly
replaced the function of fission yeastqgene knockout [1]The other reason to study fission yeast

is that this organism produces CgQwhich means that it has potential for commercial production

of CoQ10. The study of Co@production was performed recently. In spite of the efforts to express
various genes responsible for Gg@ynthesis in fission yeasi, was difficult to overproduce
CoQ10 because they generally end up to growth retardation. But the genes located in the upstream
pathway of Co@ synthesis contribute significantly for production of Ge{®2]. We also found

Pkal (Protein kinase A) is amportant regulator for the production of CeQ

In S. pombge CoQ is not essential for growth, but Go@ficient S. pombedisplays many
interesting phenotypet grows very slowly on minimum medium, is sensitive to oxidative stress,
does not survive inhe stationary phase (short life span) and produces a large amount of sulfide.
Some of these phenotypes are partly suppressed by cyclodextrin encapsulaig8uCoQt by
ethanol solubilized CofQ [3]. | will also discuss on our recent analyses of intermediates
accumulated irogmutants.

A CoQbinding protein named Coql10 belongs to a member o$tdreidogenicacuteregulatory
protein (StAR)related lipidtransfer (START) domain superfamilyDeletion of thecoqlO gene
caused a respiratory defect3n pombgewhich indicated that Coql10 may support efficient electron
transfer between the respiratory complexes; however, its physiological role remains elusive. To
elucidate the role of Coql0, we attempted to iderthify binding site of CoQ in recombinagt
pombeCoql10 expressed iBscherichia colicell membrane through photoaffinity labeling with the
photoreactive CoQ probe, UQ in combination with biotinylation of the labeled peptide.
Comprehensive proteomic dyses revealed that the quinehead ring of UGL specifically binds
to theN-terminus region Phe3Bys45 of Coql0, which corresponds to the ligdnmding pocket of

many proteins containing the START domain. We provide the direct evidence for Coql0
accomnodating the quinonbead ring of CoQ in its START domduh].
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UBIAD1 IS AN ANTIOXIDANT ENZYME THAT REGULATES
CoQ1p SYNTHESIS IN ENDOTHELIAL CELLS

Raj Sewduth Emiliano Paniefi Carlo Millia', Massimo M. Santord

! Vesalius Research Center, VKBIL, Leuven, Belgium
2 Dept. of Molecular Biotechnology and Health Sciences, Molecular Biotechnology Center, University of Torino, Italy

Protection against an excess of reactive oxygen species (ROS) by an antioxidant network is
essential for tissues, especially in the cardszular system. Here we identified a new gene with
important antioxidant features by isolating a null allele of the zebrafish ubiadl gene, called barolo
(bar). bar mutants show specific cardiovascular failure due to oxidative stress anudRi@gd
cellular damage. Human UBIADL1 is a namtochondrial prenyltransferase that synthesizesgoQ

in the Golgi membrane compartment. The loss of UBIAD1 function reduces the cellular membrane
pool of the antioxidant CoQ and leads to RO®ediated lipid peroxidatim Surprisingly,
inhibition of eNOS rescues Ubiadiependent cardiovascular oxidative damage suggesting a crucial
role for this enzyme and namitochondrial Co@ in NO signaling. These findings identify
UBIAD1 as a new Cog prenyltransferase with spedficardiovascular protective function by
controlling eNOS activity.
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CHARACTERIZATION OF PROTEINS ASSOCIATED WITH THE
MITOCHONDRIAL C 0Q SYNTHOME IN SACCHAROMYCES CEREVSIAE

Catherine F. Clarke, Christophér Allan, Agape M. Awad, Cuiwerl. He, Alice Hsu,
Hei Tong Lam, Anish Nag, and Hui S. Tsui

Department of Chemistry and Biochemistry and the Molecular Biology Institute, UCLA, Los Angeles, CA, USA

Saccharomyces cerevisideb ak er 0's yeast) serves as an exc
biosynthesis and function because it is a simple model and is highly conserved with respect to
human CoQ biosynthesis. In yeast, several of the eleven proteins (Coq®p, Yahlp, and

Arh1lp) necessary for the biosynthesis of Gdfave been shown to be associated in a high
molecular mass complex that localizes in the inner mitochondrial membrane, and has been termed
the -6C€o0Qhomed. Here we i dent i f y-puofywite seve@mlot e nt
of the Coqg polypeides and appear to be required for efficient Q biosynthesis. We use co
immunoprecipitation techniques, Western blotting, blue native PAGE, lipid analysis, yeast cell
growth assays, phosphorylation enrichment, and liquid chromatogtaptigm mass spectreitny

to identify novel associated proteins and phosphorylation modifications sites of the Coq
polypeptides. Elucidating their biosynthetic role in regulatory processes, such as phosphorylation,
will aid our understanding and treatment of multiple diseaaased by Co&eficiencies and will

provide novel insight regarding longevity and issues related to aging in humans.
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ELUCIDATING THE ROLE S OF COQ8 AND COQ9 N COENZYME Q
BIOSYNTHESIS

David J. Pagliarini

University of WisconsiMadison

Coenzyme Q (CoQ) is an integral piece of the mitochondrial machinery that produces over 90% of
cellular ATP; yet, the biochemical functions of multiple proteins involved in the biosynthesis of
CoQ remain unknown. Recently, we have gained novel biocheamdastructural insights into two

of these proteins, ADCK3 (aka COQ8) and COQ9. First, our crystal structures of the human
ADCKS3 reveal an atypical protein kinaike fold with flexible features positioned to inhibit
protein kinase activity. Mutating ADCKpecific features enabless autophosphorylatiom vitro,

but inhibits ATPase activityn vitro and dampens CoQ biosynthesisvivo. Our findings argue
against ADCKS3 acting as a typical protein kinase and demand a new model for how ADCK3
enables CoQ bgynthesis, which | discuss. Second, by solving the structure of human COQ9, we
discovered that it has structural homology to the TetR family of bacterial transcription factors and,
importantly, has a lipibinding cavity. We also demonstrated that COQ®@racts with another

CoQ biosynthetic protein, COQ7, likely as part of a biosynthetic complex. Our recent work has
revealed further insights into the nature of this interaction and into the endogenous COQ substrate,
which | present. Collectively, our wonrovides new molecular insight into the roles of poorly
characterized, essential members of the CoQ biosynthetic pathway.
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ABOUT pABA AND 4-HYDROXYBENZOIC ACID IN YEAST COENZYME
Q BIOSYNTHESIS

LaurieAnne Payéet Mélanie Leroux, Mohammad Ozelr Ulrika Forsman, Pavel Sindel&r
Ludovic Pelosi, Alexandre Ismaf| Caroline MelloiDrazniek, Marc Fontecave Fabien Pierréi?

'Laboratoire doadaptation etUMRBI6CGNRIUIgGRendble, Frdneess mi c 1
ZLaboratoire Chimieet Biologie des Métaux, UMR5249 CNREA-UJF, F-38054 Grenoble, France
% Laboratoire de Chimie des Processus Biologiques, UMR8229 CNRS, Collége de France, Paris
Email : fabien.pierrel@ufgrenoble.fr

The yeastSaccharomyces cerevisiagan use <4hydroxybenzoic acid @HB) and also para
aminobenzoic acid (pABA) as precursors of the aromatic ring of coenzyfie ZD. In order to
synthesize Q from pABA, the amino group on carbon C4 must be replaced by an hydroxyl group
via a C4deaminatiorreaction that takes place at an undefined step after the prenylation of pABA
by Cog2. Coqb is a flavidependent monooxygenase which catalyzes the hydroxylation reaction on
C5 [3]. We show that @erminal truncated forms of Cog6 or a Coq6 point mutant are able to
support in vivo Q biosynthesis fromHB but not from pABA because the @éamination is
impaired. Labelling experiments demonstrate that dioxygen is the source of the OH group on C4
which substitutes the amino group originally present on pABA, suggesting that Coq6 functions
either as a monooxygenase or as a deaminating dioxygenase depending on wHBtloempABA

is used as a precursor of Q. | ncagadite of differgntt o f
organisms to use or not pABA as a precursor of Q.

The synthesis of-#B from tyrosine is not elucidated. Through a genetic screen, we have identified

a yeast mutant that displays a very low level of Q unldd84s added to the greth medium. Our

results demonstrate that the gene product catalyzes the last reaction in the biochemical pathway
which converts tyrosine into-AB. In addition, we also identify the first reaction of the pathway,
namely, the deamination of tyrosine and demonstrate that yeast is not able to generdi® 4

directly from chorismate unlike previously proposed.
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THE ROLE OF COQ REDOX STATE IN MITOCHOND RIAL SUPEROXIDE
PRODUCTION

Mike Murphy
MRC Mitochondrial Biology UnitCambridge, UK

Mitochondrial ROS have long been known to contribute to damage in conditions such as ischaemia
reperfusion (IR)injury in heart attack and stroke, and more recently to redox signalling. Over the
past few years we havenvestigated themechanism of the ROS production using metabolomic
approaches.We found that the ROS production can be driven by reverse electron transport at
complex | during reperfusion. This surprising mechanisigicates that the redox stste of the CoQ
pool plays a ky role in determining how mitochondrial RO&n be produced to act as redox

signals.
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AN IN VIVO-GENERATED METABOLITE OF IDEBENONE IS A
PROMISING MOLECULE F OR TREATMENT OF LHON

Valentina Giorgid®, Marco Schiavorfe’, Marco Carirf, Tatiana DaRos', Maurizio Prat6,
Francesco ArgentdrValeria Petronillt?, Paolo Bernardi®

'CNR Neuroscience Institute and Department8aimedical Sciences ariBiology,University of Padova, Padova,
ltaly; “Department of Chemical and PharmaceutiBalences, University of Trieste, Trieste, Italy

Coenzyme Q (CogQ) is a lipophilic molecule mostly, but not exclusively, localized in the inner
mitochondrial membrane. Given that C@@s very insoluble, several short chain hydrosoluble
guinones have bedrsted in a variety of disease models, in particuladiy®thoxy5-methyt6-
(10-hydroxydecyl)1,4-benzoquinone (idebenone). Idebenone has been used in several diseases
associated to respiratory chain dysfunction like Leber's hereditary optic neurdpat®n),
mitochondrial encephalomyopathy with lactic acidosis and stik&eepisodes, Leigh syndrome,
Friedreich's ataxia, as well as Huntington's
placebecontrolled, randomized trial with idebenomeLHON patients (RODHOS study) showed
some efficacy, as also reported in the retrospective analysis of a large case series of LHON patients
treated with idebenone during the acute phase of the disease. However, despite these encouraging
results, the effiacy of idebenone vivoremains debated. A potentially harmful effect of idebenone

is opening of the permeability transition pore (PTP), an event that may actually play a causative role
in the disease, and has been associated to retinal ganglion celecgigsm. Furthermore, the
potential efficacy of idebenone in LHON relies on the ability of its reduced form (idebenol, which
does not induce PTP opening) to mediate electron transfer to complex Il of the respiratory chain,
an effect that requires the pence of an idebenone reductase such as NAD(P)H:quinone
oxidoreductase 1. ldebencgenerated metabolites have been shown to support mitochondrial
respiration by donating electron at complexinllvitro, thus allowing maintenance of a membrane
potential. We find that idebenone metabolites that are generatedvo support respiration in

LHON cybrids, yet at variance from idebenone do not induce PTP opening. Treatment of zebrafish
(Danio rerig) with one such metabolite at 20 hours post fertilization Santly protects embryos

from the aberrant phenotypes and death caused by rotenone, a selective inhibitor of complex I.
These results suggest that idebengererated metabolites may represent a promising treatment for
LHON.
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EFFECT OF CoQ;o SUPPLEMENTATION ON CELLULAR
BIOENERGETIC STATUS AND OXIDATIVE STRESS: AN IN VIVO AND
IN VITRO STUDY

Christian Bergamirij Anna Rita Fetofij Diana Troiari, Giorgio LenazandRomana Fato

!Dept.of Pharmacy and Biotechnology (FaBiT), university of Bologna, flaistitute of Otolaryngology, Catholic
University School of Medicine, Rome, Italluman Physiology, Catholic University School of Medicine, Rome, Italy.
“Dipartimento di Scienzei@nediche e Neuromotorie, Alma Mater Studiorum, Universita di Bologna , Italy .

Coenzyme Q is a crucial component of the oxidative phosphorylation process in mitochondria, key
organelles of the eukaryotic cells where they play a double role being keotklihlar powerhouse
and the major source of reactive oxygen species. The reduced form of ubiquinone exerts its
antioxidant effects either by direct reaction with radicals or by regeneration of tocopherol and
ascorbate. Deficiency of coenzyme Q has hEstribed in several pathological conditions and in
ageing, strongly supporting therapeutic role of coenzyme Q10 supplementabmspite these
potential beneficial effects, clinical studies showed controversial results that are mainly due to the
high hydrophobicity of this compound, which reduces its bioavailability. For our experiments
vitro andin vivo,we used a watesolubleCoQ, formulation (Qter.

- Invitro studies
The goal was to increase the mitochondrial content of,gioultured cells (T67 and H9c2 cell
lines) in order to improve their bioenergetics parameters.
We found that the cellular and mitochondrial Coenzymecdptent in two cell lines was
significantly increased after treatment with a wa@uble CoQ@, formulation. Moreover, we
demonstrated that the increase of mitochondrial and cellulan&o@tent correlates with an
improved mitochondrial functionality(increased oxygen consumption rate, transmembrane
potential, ATP synthesis) and resistance to oxidative stress

- Invivo studies
Consideringthe promising resultffom ourin vitro studies,we exploited the beneficial effects of
Qter treatmenin a rat model of repeated noise exposure. We addressed the relationship between
cochlear oxidative damage and auditory cortical injury and we tested the protective effect®f CoQ
administration.
The systemic administration of watsoluble CoQy increagd the cochlear levels of Ce@nd
CoQp. Furthermore, the ubiquinone administration reduced the oxidativeed cochlear damage,
hearing loss, and cortical dendritic injury. These findings indicate that Qo€ tment restores
auditory cortical neuraa morphology and hearing function by reducing the noideced redox
imbalance in the cochlea and the deafferentation effects upstream the acoustic pathway
The supplementation with coenzymey@nproves cellular energy metabolism bothinnvitro and
in vivomodels, exerting a protective effect on redox imbalance related damages.
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COENZYME Q 10 TARGETS MECHANISMS O F DIABETIC
CARDIOMYOPATHY IN PR E-CLINICAL MODELS

Rebecca H Ritchie

Heart Failure Pharmacology, Baker IDI Heart & Diabetes Institute, Melbourne, Australia.

0Di abetic cardiomyopathyd i s c(h\y daswlicdunction,ed b
cardiomyocyte hypertrophy, LV fibrosis & cardiomyocyte apoptosis. Elevated oxidative stress and
LV generation of the ROS superoxide are considered likely contributors to this pathophysiology
Our laboratory has undertaken a numbsr studies aimed at assessing whether chronic
supplementation of Coenzymedrotects the diabetic heart against dysfunction and remodelling,
using a range of preclinical vivo rodent models of both type 1 (T1D) and type 2 diabetes (T2D).
Firstly, in a mouse model of T1D using streptozotocin, Coenzymeg Sppplementation (10
mg/kg/day for 8 weeks), significantly attenuated FibBuced increases in LV NADPH oxidase

gene expression and activity (lucigenin chemiluminescence), LV uncoupling protein UCP3
expression, and both LV and systemic oxidative stress (LMitr®tyrosine and plasma
malondialdehdye levels). This was accompanied by blunting of theidduized impairments in

LV diastolic function (E:A ratio and deceleration time by echocardiography, LVd&stolic
pressur e, and LV 1dP/ dt by micromanometry),
cardiac fibrosis, apoptosis), and LV expression of-ipflammatory mediators (tumor necrosis
factorU, wi t h a si mil arl1@)r.en@oQ0iszagtionenwere indegendent of | L
glycemic control, body mass, and blood pressugmilarly, Coenzyme @ supplementation (10
mg/kg/day) for 10 weeks from 6 weeks of age significantly attenuated LV NADPH oxidase activity,
diastolic dysfunction, cardiomggte hypertrophy and fibrosis in spontaneously type 2 diabetic
(T2D) db/db mice. Phosphorylation of the cell survival kinase Akt, depressed in untreiateiol

mice, was also restored with Coenzyme,°QNotably in both models, Coenzyme;Qnas
comparablen effectiveness as the ACE inhibitor ramipril. Lastly, we sought the effectiveness of
chronic Coenzyme @ supplementation in a more severe model of T1D diabetic cardiomyopathy, a
setting of reduced cardiac phosphoinositddle Bnas e p 110U ¢ignaliBgg<JlIDwasot e c
induced using streptozotocin; in both nontransgenic (Ntg) mice and transgenic mice expressive a
cardiaeselective dominant negative PI3K mutant (dnPI3K). After 4 weeks of diabetes, Coenzyme
Q10 supplementation (10 mg/kg/day for 8 weekemmenced. At study end (12 weeks of diabetes),

LV NADPH oxidase (Nox2 gene expression and activity, on lucigenmanced
chemiluminescence), as well as oxidative stres#(8tyrosine, 4hydroxynonenal), were increased

by diabetes, exaggerated in ddéib dnPI3K mice, and attenuated by Coenzyme Qiabetes
induced LV diastolic dysfunction (prolonged deceleration time, elevateeliantblic pressure,
impaired E/A ratio), cardiomyocyte hypertrophy and fibrosis, expression of atrial natriuretic
peptide connective ti ss-ngosingheavy thhin, Weaecdl attenuaded by b
Coenzyme @ Hence, chronic Coenzymefsupplementation attenuates several aspects of
diabetic cardiomyopathy. Further, inappropriate LV superoxide levels thus appglay ta key

causal role in triggering diabetic cardiomyopathy. Given Coenzypasupplementation has been
suggested to have positive outcomes in heart failure patients, chronic Coenzyyme Q
supplementation may represent an attractive adjunct therapyafmtidi heart failure.
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A ROLE FOR COENZYME Q IN CELLULAR METABO LISM

Anita Ayer', Catherine F. Clarkelan W. Dawe$andRoland Stockér

Victor Chang Cardiac Research Institute, Sydney, NSW, Australia
“Department of Chemistry arlochemistry, UC Los Angeles, CA, USA
¥School of Biotechnology and Biomolecular Sciences, University of NSW, Sydney, NSW, Australia

Coenzyme Q (CoQ) is best known for its ability to participate in redox reactions. Indeed,
this is the bassan &lectron/protof raQspat agemt,|astioxidant and source of
superoxide anion radical, a reactive oxygen species that rapidly dismutates to hydrogen peroxide
(H20,). H.0, itself is increasingly recognized as a signalling molecule, regulating senesathes
and processes including the metabolic adaptation to hypoxia. Therefore, we investigated the role of
CoQ on cellular metabolism using a transcriptional approach in y&mstharomyces cerevisiae
one of the most studied organisms in terms of CmQyinthesis and regulation, and complete gene
deletion mutants are available for all ressential genes. Microarray analyses were carried out on
WT and selected CoQ biosynthesis deletion mutants grown in defined medium Igeking
aminobenzoic acid to exam@ the global transcriptional responses to changes in CoQ content.
Petite cells were used as a control to delineate-@eQated changes versus effects mediated by
respiratory incompetence. Additionally, microarrays were carried out on WT and deletiartsnuta
with exogenous CoQ added to the growth medium to better understand the role of CoQ itself on
CoQ biosynthesis and the feedback regulation in place. The results of these microarray analyses
will be presented.
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SECONDARY COENZYME Q 10DEFICIENCIES

Rafael Artuch
Hospital Sant Joan de Déu, Barcelona

Coenzyme @ (CoQ) biosynthesis is an intricate biological process that it may be influenced by a
large number of genetic or environmental conditions. Thus, after the identification of a CoQ
deficient status in patients, the elucidation of the biological processlyindethis biochemical

finding is difficult. There are several genes involved in the synthesis of CoQ, but few patients have
been described harbouring mutations in such genes. However, a growing number of neurological
and extraneurological conditions magisplay a CoQ deficiency as a relevant biochemical feature.
Among these diseases, mitochondrial DNA depletion syndromes usually present a CoQ deficiency
in muscle and or fibroblasts, and it may be as frequent as a 70% of the patients. Furthermore, other
mitochondrial diseases may also present CoQ deficiency. However, the pathophysiology of this
biochemical feature is not wethown, although the correction of CoQ deficiency by means of CoQ
supplementation seems advisable.

Other noamitochondrial disordersnay also present CoQ deficiency in different biological fluids,

such as phenylketonuria or lysosomal storage diseases. The causes and consequences of thes
deficiencies are not well understood, but it strongly support the key role that CoQ, as an essential
molecule for different biological processes, may have in the pathophysiology of different diseases.
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COQ4,A NOVEL DISEASE-GENE FOR MITOCHONDRI AL DISORDERS
ASSOCIATED WITH C 0Q1, DEFICIENCY

Daniele Ghezzi
Fondazione IRCCS Istituto Neurologico "Besta”, Milano, Italy

Primary Coenzyme Q (CoQ,0) deficiencies are rare, clinically heterogeneous disorders caused by
mutations in several genes encoding proteins involved in£d@synthesis. CoQ , a
lipoidaquinone,is an essential component of the electron transport chain (ETC), where it shuttles
electrons from complex | or Il to complex lll. By whedgome sequencing we identified five
individuals carrying biallelic mutations i€OQ4 The precise function of humanOQ4 is not
known, but it seems to play a structural role in stabilizing a multiheteromeric complex that contains
most of the Co@ biosynthetic enzymes. The clinical phenotypes of the five subjects varied widely,
but four had a prenatal or perinatal onggth early fatal outcome. Two unrelated individuals
presented with severe hypotonia, bradycardia, respiratory insufficiency, and heart failure; two
sisters showed antenatal cerebellar hypoplasia, neonatal respiratory distress syndrome, and epileptic
enceplalopathy. The fifth subject had an eadgset but a slowly progressive clinical course
dominated by neurological deterioration with hardly any involvement of other organs. The CoQ
amount was reduced in all available specimens from affected subjecth) often displayed a
decrease of Cofgdependent ETC complex. The pathogenic role of all identified mutations was
experimentally validated in a recombinant yeast model.

Recently, other patients with COQ4 mutations have been reported confirminG@d is a
diseasayene responsible for earbnset mitochondrial encephatardicmyopathy and associated

with CoQy deficiency.
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PRIMARY COENZYME Q 1, DEFICIENCY CAUSED BY COQ2
MUTATIONS: FUNCTIONAL CHARACTERIZATION OF THE HUMAN
GENE AND GENOTYPE-PHENOTYPE CORRELATIONS

Eva Trevissoh?, Maria Andrea Desbat§ Micol Silic-Benussi, Placido Navas
and Leonardo Salvidt?

'Clinical Genetics Unit, Department of Woman a®ild Health, University of Padova, Ital§iRP Istituto di Ricerca
Pediatrica, Citta della Speranza, Padova, Italistituto Oncologico Vene#tRCCS (I0V), Padova, Italy
“Centro Andaluz de Biologia del Desarrollo, University Pablo de Olavide, Seikdn S

COQ2encodes the enzyme required for the second step of the final reaction sequence of Coenzyme
Q10 biosynthesis [1]. Its mutations, which have been reported in 10 families so far [2, 3], cause
primary CoQo deficiency and have been associated tade clinical spectrum both in the age of

onset and in the severity of symptoms. In f&DQ2associated phenotypes include a rapidly fatal
neonatal multisystemic disease [2, 4], a severe multisystemic disorder with -stsistent
nephrotic syndrome @NS) [5], isolated SRNS [6], and finally a lateset encephalopathy with
retinopathy mimicking multiple system atrophy [7]. The reasons of this variability are still unknown
and genotypg@henotype correlations remain to be elucidated.

HumanCOQ2wasseqant i al ly cl oned joining by PCR the

and the 36 region obtained from c¢cDNA [1]. Sin
in frame ATG codons and the-fdrminus of the human COQ2 protein did not show any hogyol
with other mammalian orthol ogues, we <charact e

showed that the functional hum&OQ2mRNA is shorter than what was previously thought. We

also analyzed the topology and subcellular localization of COQ?2.

We then employed a yeast model to validate the pathogenicity of al@@2missense mutations
reported so far. Our system proved to be simple and reproducible and demonstrated that all the
COQ2alleles analyzed are hypomorphic. Furthermore, we showeththvel of residual activity
correlates with the clinical phenotypes observed in patients, supporting the hypothesis of a different
sensitivity to Co@ydeficiency of the affected tissues.

References

1. Forsgren M, Attersand A, Lake S, GrunleGWwiezewska E, Dallner G, Climent I. Biochem J. (2004) Isolation and
functional expression of human COQ2, a gene encoding a polyprenyl transferase involved in the synthesis of CoQ.
382:51926.

2. Desbats MA, Vetro A, Limongelli I, Lunardi G, Casarin A, Bwoi M, Spinazzi M, Angelini C, Cenacchi G, Burlina

A, Rodriguez Hernandez MA, Chiandetti L, Clementi M, Trevisson E, Navas P, Zuffardi O, Salviati L. (2015) Primary
coenzyme Q10 deficiency presenting as fatal neonatal multiorgan failure. Eur J Hum Gprests.In

3. Desbats MA, Lunardi G, Doimo M, Trevisson E, Salviati L. (2015) Genetic bases and clinical manifestations of
coenzyme Q10 (CoQ 10) deficiency. J Inherit Metab Dis. 385615

4. Mollet J, Giurgea |, Schlemmer D, Dallner G, Chretien D, Delahéddiacq D, de Lonlay P, Munnich A, Rétig A.
(2007) Prenyldiphosphate synthase, subunit 1 (PDSS1) anbde@tbate polyprenyltransferase (COQ2) mutations in
ubiquinone deficiency and oxidative phosphorylation disorders. J Clin Invest. 1472765

5. Quinzii C, Naini A, Salviati L, Trevisson E, Navas P, Dimauro S, Hirano M. (2006) A mutation in para
hydroxybenzoatgolyprenyl transferase (COQ2) causes primary coenzymmdeficiency. Am J Hum Genet. 78:345

6. DiomediCamassei F, Di Giandomenico S, SantoFeM, Caridi G, Piemonte F, Montini G, Ghiggeri GM, Murer L,
Barisoni L, Pastore A, Muda AO, Valente ML, Bertini E, Emma F. (2007) COQ2 nephropathy: a newly described
inherited mitochondriopathy with primary renal involvemeh&m Soc Nephrol. 18:27730.

7. Multiple-System Atrophy Research Collaboration.(2013) Mutations in COQ2 in familial and sporadic multiple
system atrophy. N Engl J Med. 18;369:288

28



THE ROLE OF PATIENT ADVOCACY GROUPS IN FACILITATING THE
DEVELOPMENT OF THERA PEUTICS FOR MITOCHONDRIAL DISEAS E

Philip E. Yeske, Ph.D.

Science & Alliance Officer, United Mitochondrial Disease Foundation

Patient advocacy groups have historically focused on patient support, education, awareness,
advocacy and research funding as component thesf overall mission. While such programs
remain important, there is increasing emphasis being placed by foundations on stewarding the
therapeutic development process from the patient perspective. This talk will speak to the key pieces
of infrastructurerequired to effectively facilitate such a process and the approach the United
Mitochondrial Disease Foundation is taking, while also providing an overview of mitochondrial
disease therapies currently in development in the US and Europe.
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THE EFFECT OF COENZYME Q ;cON MORBIDITY AND MOR TALITY
IN CHRONIC HEART FAI LURE

S.A. MortensenE. L. RosenfeldtK. Filipiak, G.P.Littarru., K. Overvad, F. Skjgth,

C. D. Shdberg, P. Dolliner, G. Steure¥, Nagy, J. Feher, G. Pagh, P. Fiulop, A. Kumar,
H. Kaur,C.S. Ping, A.A.A. Rahim, M. Bronisz, M. Stopinski,.Narchel,

A. Kaplon-Cieslicka,W. Sinkiewicz, B. Wozakowslkaplon, M. Bzymek, H. Wysocki,

M. Krzciuk, D. Pella,l. Lazurova, U. Alehagen

Objectives
This randomized controlled multicenter trial evaluateenzyme @ as adjunctive treatment
in chronic heart failure.

Background

Coenzyme @ (CoQyo ) is an essential cofactor for energy production and also a powerful
antioxidant. A low level of myocardial Ca@Qis related to the severity of heart failure.
Previous randomized controlled trials of C@Q@n heart failure have been underpowered to
address major clinical endpoints.

Methods

Patients with moderate to severe heart failure were randomly assigned in-gedwo
prospective trial to either Co@100 mg three times daily or placebo in addition to standard
therapy. The primary short term endpoints at 16 weeks were changes in NYHA classification,
6-minute walk test and levels of-bdérminal preB type natriuretic peptide. The primary long
term endpointat 2 years was composite major adverse cardiovascular events using a time to
first event analysis.

Results

A total of 420 patients were enrolled. There were no significant changes in short term
endpoints The primary long term endpoint was reached39g of the patients in the Cag
group vs. 26% in the placebo group; (hazard ratio 0.50; 95% confidence intervai, 0.82);
p=0.003) by intention to treat analysis. The following secondary endpoints were significantly
lower in the Co@, group comparedo the placebo group: cardiovascular mortality (9 % vs.
16%, p=0.026), altause mortality (10 % vs. 18%, p=0.018) and incidence of hospitalization
for heart failure (p=0.033). Also, a significant improvement of NYHA Class was found in the
CoQuo group afte 2 years (p=0.028).

Conclusions
Long term CoQo treatment of patients with chronic heart failure is safe, improves symptoms
and reduces major adverse cardiovascular events.
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Peter H. Langsjoen MDJens O. LangsjoeMD*?, Alena M. Langsjoen M5
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University of New Mexico, Department of Internal Medicine, Albuguerque, New Mexico 87106, USA
3Coenzyme @ Laboratory, Inc., 1107 Doctors Drive, TyleFexas75701, USA
jensoldrich@gmail.com

Overview

Statin cardiomyopathy (SCM) can hiefined as an impairment in heart muscle function of a
severity to cause heart failure, consequent to statin drug therapy and not explainable by any other
pathophysiologyHMG-CoA reductase inhibitors (statins) not only impair skeletal muscle function

but there is growing evidence that they can also impair heart muscle fdrfcion

Methods

From April 2007 to April 2015 we prospectively identified 146 patients priesented on long term

statin therapy with clinical heart failure not explainable by established pathophysiology. Patients
with coronary artery disease, valvular heart disease, hypertensive heart disease, previous
chemotherapy, any type of cardiomyopatmyocarditis or chronic lung disease were all excluded

from enrollment.

Study interventions consisted of simultaneous discontinuation of statin therapy and supplementation
with coenzyme Q10 (Cofg at the time of initial visit. Supplemental CaQwas initiged
predominantly in the form of ubiquinol at an average dose of about 300 mg per day given in divided
doses with meals. Baseline symptom scores, physical exams, echocardiograms, and laboratory
testing of Co@, and total cholesterol blood levels were parfed at or soon after the initial visit. A

zero to three symptom severity scoring system was used to assess symptoms potentially attributable
to statin adverse effects: 0 = no symptoms, 1 = mild symptoms, 2 = moderate symptoms, and 3 =
severe symptoms. Saml symptoms included fatigue, myalgias, muscle weakness, peripheral
neuropathy, and memory loss. Echocardiographic measurements included diastolic function and
ejection fraction (EF). Diastolic function was scored as 0 = normal, 1 = mild or impairedti@hax

2 = moderate or pseudo normal, and 3 = severe or restrictive. Patients were assessed in follow up
clinic visits every 3 to 6 months with repeat symptom scoring, physical exams, echocardiograms,
and CoQq blood levels.

Results

Of the 146 initiallyenrolled patients follow up data is available for 133. Four patients died during
the study period, two from unknown causes, one from sudden cardiac death, and one from lung
cancer. One heart attack and one stroke occurred during the study period. Staioy tht
presentation was on average 40 mg per day normalized to atorvastatin potency taken for four years.
Patients have now been followed for an average of 29 months and 70% of patients have now been
followed for more than one year.

All statin-attributatble symptom scores improved significantly (p<0.0001) from time of initial visit

to most recent visit with the following average improvements in symptom severity: fatigue from 2.3
down to 0.4, myalgias from 1.4 down to 0.1, muscle weakness from 1.2 dowh taémnory loss

from 1.3 down to 0.3, peripheral neuropathy 0.9 down to 0.3.

Eighty seven percerdf patients presented with heart failure with preserved EF (HFpEF), with an
average initial diastolic dysfunction grade of two. Thirteen percent of papeesented with a
reduced EF, on average 43%. Follow up echocardiographic data was available for 125 patients.
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Diastolic function improved significantly (©0001) with average diastolic function grade
improvement from 1.7 down to 0.8, giving an average diastolic grade improvement of about one.
Fifty two patients had complete normalization of diastolic function, with an average grade change
of two, 24 patients had iprovement withoutnormalizationof diastolic function, 31 patients had

no change in their diastolic function, and four patients had worsening of diastolic function. In the 17
patients that initially presented with a reduced EF, the EF weprdy an average of 11% from
43% to 54% (p=0.0002).

Initial and follow up laboratory data for Ce§dlood levels was available for 49 patients. Total
(oxidized and reduced) Cagdevels changed from an average of 1.2 pg/ml initially to 6.1 pg/ml at
most ecent measurement. Average Ge@ cholesterol ratio changed from 0.3 pmol/mmol to 1.2
pmol/mmol, average % oxidized Cegjrom 2.9% to 1.5%, and average total cholesterol from 186
mg/dl to 235 mg/dl. All laboratory changes where statistically signifia«@.002).

No adverse effects where experienced over the study period by patients due {9 CoQ
supplementation. Seven patients who initially recovered developed worsening heart function and/or
worsening statirassociated symptoms after either stoppingirtl@Q,0 supplementation or
changing CoQ10 formulation from ubiquinol to ubiquinone.

Conclusions

In outpatient clinical cardiology SCM may be a prevalent and unrecognized cause of HFpEF. The
great majority of SCM patients show a gratifying amelioratbeymptoms along with measurable
improvement in heart function upon statin drug discontinuation along with the supplementation of
CoQio. However, there is a significant minority of patients in whom SCM appears to be permanent.
We propose that statin caodnyopathy is a significant factor in the current pandemic of heart
failure and in particular the increasing prevalence of HRpEF
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UBIQUINOL SUPPLEMENTATION IN THE ELDERLYPATIENTS
UNDERGOING AORTIC VALVE REPLACEMENT: BIOCHEMICAL AND
CLINICAL EFFECTS

Nicolini F*, Molardi A*, Gherli T, Brugé B, Orlando P, SilvestriS Littarru G.F and Tiano

! cardiac Surgery Unit, University of Parma, ltaly
2Department of Dentistry and Clinical Sciences, Biochemistry Section, Marche Polytechnic University, Ancona, Italy

There is a steady rise in the mean age of patigffiiested by heart disease undergoing cardiac
surgery. On the other hand senescegbcardium has reduced tolerantmeischemic stress and
there are clear indications about @gsociated deficit in myocardial performance after operatory
stress. Coenzym®;o has been shown tameliorate several conditions related to bioenergetic
deficit or increased exposure to oxidative stress. The use of ubidintthe reduced form of
CoQuy, is particularlypromising in these clinical settings, on the basis of igesar bioavailability
and of the alleged impaired Caf¥educing capacity in the elderly.

Here we show the results relative to 46 patients where we investigated clinical and biochemical
effects of ubiquincfLO, administered in the perioperatory stageltlerly patients undergoing aortic

valve replacement. Patients, affected by severe aortic stenosis, were randomized into 2 groups: one
received placebo, the active group was given 400 mg/die of ubielOn@@H absorb, Jarrow
Formulas, LA, USA) dividednto 2 doses, starting 7 days before surgery and continuing for one
month after cardiac intervention. Blood samples were withdrawn at time O before ubiquinol
administration, one day before surgery, 1, 5 and 30 days after surgery. Primary endpoirite were t
following:

1. Plasma levels of Ca@
2. Redox status of plasma CGhroughout the study phases
3. Plasma concentration of-&, TNFalpha, S100 protein

Secondary endpoints were:

1. Major cardiac adverse effects in the postoperatory phase
2. Qualityof life

3. Evaluation of contractility and myocardial hypertrophy

Results obtained in treated patients and placebo controls indicate an increase in the percentage of
oxidized CoQpin plasma following surgical intervention. Treatment with ubiquitidlvas able to

improve basal (before surgery) oxidative status of g@@d mitigate increased oxidation related to

the surgical intervention.
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STATIN INTOLERANCE 1 DEFINITION, PATHOPHY SIOLOGY, RISK
FACTORS AND MANAGEMENT -WHAT IS THE ROLE OF COENZYME

Q10?
Daniel Pella

1st Internal Clinic Medical Faculty PJ Gafgrik Unive

Statins are one of the most commonly prescribed drugs in clinical practice. They are usually well
tolerated anckffectively prevent cardiovascular events. Most adverse effects associated with statin
therapy are muscle relatedllithough muscle syndromes are the most common adverse effects
observed after statin therapy, excluding other side effects might underestimaateimber of
patients with statin intolerance, which might be observediii3% of patients. In clinical practice,

statin intolerance limits effective treatment of patients at risk of, or with, cardiovascular disease.
Knowledge of the most common adweesfects of statin therapy that might cause statin intolerance
and the clear definition of this phenomenon is crucial to effectively treat patients with lipid
disorders.

Statin intolerance is the inability to tolerate a dose of statin required to reducep er sono
cardiovascular risk sufficiently from their baseline risk and could result from different statin related
side effects including: muscle symptoms, headache, sleep disorders, dyspepsia, nausea, rash,
alopecia, erectile dysfunction, gynecomastiagd/ar arthritis. Statin intolerance has been also
described as a clinical syndrome with the following characteristics:

1. incapacity to use statin therapy because of appearance of symptoms and/or abnormal values of
biomarkers at the initiation or at dosgcalation of statin therapy,

2. no presence of individual predispositions, such as -drug interactions, untreated
hypothyroidism, febrile illness, that may contribute to statin intolerance.

In addition, two different clinical patterns have been idiexk the complete intolerancewhen
asubject is intolerant to any statin at any dose, andp#réal intolerancewhen a subject is
intolerant tosome statins at some doses.

CoQyp (ubiquinone) is one of the key substances in myocardial energetic h@tgband is also
important for cell membrane stability, and with Ge@eficiency, myocytes could be prone to
damage in the form of myopathy or myositis, or even rhabdomyolysis. Although, Gefletion

does not appear to play an etiopathogenic roleatmsnduced myopathy, it is highly probable that

it is a critical predisposing factor, especially in subjects for whom other&tEpleting conditions
coexist. Thus, CogQ supplementation may decrease the need to withdraw these drugs if adverse
effects ppear. This may be of great importance, owing to fact that statins represent the basic
treatment for secondary prevention of atherosclerosis, and their prescription rate during recent
decades has increased dramatically.
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METABOLIC REGULATION BY THE ANTIOXIDANT R ESPONSE AXIS:
MITOCHONDRIAL AND CO ENZYME Q ALTERATIONS PRODUCED BY
GENETIC DELETION OF Nrf2 OR NAD(P)H:QUINONE
OXIDOREDUCTASE 1

J.M. Villalba, J. Arizd, L. Fernandez del RfpS.R. Levaf E. Merckeh, H. Khraiwesh,
J.A. GonzaleReyes, L. J6dat, M.1. Burért, M. Bernief, R. de Cabd

! Departamento de Biologia Celular, Fisiologia e Inmunologia, Facultad de Ciencias, Universidad de Cérdoba, E
14014, and Campus de Excelencia Internacional Agroalimentario ceiA3, Cérdoba, Spainslational Gerontology
Branch, National Institute on Aginglational Institutes of Health, Baltimore, MD, USA

Nuclear factor Ezelated facto2 ( Nr f 2) i s a <cap 0 n 64R) transariptiom asi ¢
factor which acts as cellular sensor of oxidative and electrophilic stress generated from itaracellu
reactions and substances like chemicals, xenobiotics or drugs. Upon stress conditions, Nrf2 is
activated by protein stabilization and then translocated to the nucleus where it activates its target
genes. Nrf2 signaling thus abates the consequencesid#tive stress, including several aging
associated diseases like neurodegeneration, chronic inflammation and cancer in rodents and
humans. The flavoenzyme NAD(P)H:quinone oxidoreductase 1 (NQO1) is one of the best
characterized detoxifying enzymes whosgression is regulated by Nrf2. NQOL1 catalyzes the
reduction of a variety of quinone substrates using both NADH and NADPH. A link between the
Nrf2/NQO1 and energy metabolism balance also exists beyond itscheeficterized role in
detoxification and antikidant protection of cells under stress conditions. It has been shown that
Nrf2 is required for proper maintenance of mitochondria though a mechanism that relies on NQOL.
Moreover, modifications of the Nrf2/NQO1 status have been related with the metbaiations
induced by calorie restriction, a dietary intervention which extend longevity. Finally, our recent
investigations has pointed out that overexpression of -ext@hondrial oxidoreductases,
including NQOL1, produces several metabolic benefimause tissues. We wanted to investigate

the impact of Nrf2 or NQO1 genetic deletion on metabolism and several mitochdimieal
processes in mouse embryonic fibroblasts derived from corresponding knockout mice. Since
coenzyme Q (Q) links basic aspedfscell physiology such as energy metabolism, antioxidant
protection, and the regulation of cell growth, we also wanted to investigate if Nrf2 or NQO1 genetic
deletion affects Q homeostasis in these cells. Our results demonstrate that genetic deletn of N
or NQOL1 produce profound alterations in mitochondria, with distinct modifications in metabolism,
coenzyme Q system and cell behavior. The NNWQO1 axis is now emerging as part of the
regulatory network that dictates the metabolic health of cells.
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CYTOCHROME bs REDUCTASE OVEREXPRESSION EXTENDS
LIFESPAN

Michel Bernier

Translational Gerontology Branch, National Institute on Aging, National Institutes of Health, 251 Bayview Boulevard,
Suite 100, Baltimore, MD 21224, USA
Bernierm@mail.nih.gov

Understanding the mechanisms by which metabolism is controlled is critical in order to achieve
therapeutic strategies for the treatment of metabolic diseases and aging. Cytdajreduetases
(CYB5R) are required for the elongation and desaturation of fatty acids, cholesterol synthesis and
moncoxygenation of cytochrome P450 enzymes, all of which are associated with protection
against metabolic disorders. To gain new insights ihto ghysiological role of CYB5R in the
context of aging and metabolism, we created a transgenic mouse line overexpressing the rat
CYB5R3gene (CYB5R3Trg) and generateBrosophila melanogastenverexpressindgrosophila
CYB5R (CYB5ROE). Both experimental magls were found to live longer than their wilgpe
counterparts, and partial protection fromdithylnitrosamine(DEN)-induced hepatocarcinoma

was noted in CYB5RJg mice. Additional experiments siwed that the lifespan extension
stemmed from positive effects on mitochondrial function and several metabolic parameters, and
improved antioxidant defenses with concomitant reduction in oxidative damage. Accumulation of
high levels of longchain polyunsatrated fatty acids and inhibition of chronic prdlammatory
pathways occurred both in CYB5R3 and CYB5ROE. Taken together, these findings have
implications for further development of interventions targeting CYB5R for the treatment and
prevention of agrelated diseases and extension of lifespan.
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NQO1; STRUCTURE, FUNCTION, POLYMORPH ISMS AND REDOX
CHANGES

David Ross and David Siegel

Department of Pharmaceutical Sciences, University of Colorado Anschutz Medical Center, Denver, Colorado, USA

NQO1l is an NAD(P)H and FARBlependent homodimer that has been shown to catalyze the
reduction of quinones directly to hydroquinones but has multiple additional functions in cells. One
important role is protection against cellular redox stress and NQOL1 is thdyaiely under stress
conditions often to high levels. NQO1 can generate lipophilic antioxidants including reduced
vitamin E derivatives and ubiquinol, is a component of the plasma membrane redox system, can
function as a superoxide reductase under steesslitions and can bind to mitotic spindles
potentially serving an antioxidant role during cell division. Emerging functions of NQO1 include its
ability to bind to and protect a diverse range of proteins, including p53, from 20S proteasomal
degradation adh its ability to serve as a mRNA binding protein. NQOL1 is polymorphic and the
homozygous NQO1*2 null polymorphism is present in betwe&4 46 of individuals depending

on ethnic group. This polymorphism can modulate cellular functions of NQOL1 includitgnpro
binding, metabolism of anticancer quinones and may influence &&us in humans. We have
examined pyridine nucleotide dependent behavior of NQO1 which has implications for redox stress.
Following binding of NAD(P)H, NQO1 underwent a conformatiooshhnge leading to loss of
immunoreactivity against antibodies that target théei@inus. In cell free experiments using
purified human recombinant NQO1 (rhNQO1), antibodies targeting tkern@inus could
efficiently pull-down rhNQOL1 in the absence of Nd®)H but not in its presence. Oxidation of
FADH,t o FAD in rhNQOl1l by t he add-lagachone restdblisheth e r e
C-terminal immunoreactivity, demonstrating that the loss of immunoreactivity was reversible.
These data demonstrateathNQO1 undergoes structural changes in an oxidative environment
resulting in modulation of its ability to interact with antibodies and other proteins. This suggests
that NQO1 may function as a redox sensor in cellular compartments dependent on pyridine
nucleotide ratios and oxidative environment with a resultant change in its structure and
functionality.

37



NOVEL METABOLIC ROLE S OF NQO1 IN METABOL IC REGULATION

Rafael de Cabo

Translational Gerontology BranchBiomedical Research Cent@&altimore,USA

Caloric restriction (CR) without malnutrition has consistently extended mean and maximal lifespan
in most organisms tested. The plasma membrane redox system (PMRS), by virtue of its ability to
lower oxidative stress and adjust the levels of intracellulDN constitutes a key factor in the
control of the molecular and physiological mechanisms that govern aging anelatgd metabolic
disorders. Herein, we evaluated whether the health benefits of CR could be dependent to some
extent on the induction of Q@O1, a known member of the PMRS involved in detoxification of pro
oxidant molecules associated with the development of cancer and diabetes. Transgenic mice
overexpressing rat NQO1 gene (NQ®G) that were maintained on a standard diet (SD) exhibited
survival curves and body weight trajectories, body composition, food intake, and energy balance
similar to their SBfed wild-type counterparts, indicating that the fwagevity benefits of CR are

not related to NQO1. However, under metabolic stress conditmrerexpression of NQO1
lowered chronic inflammatory profile and enhanced insulin sensitivity while conferring protection
from highfat dietinduced morbidities, in part, by improving liver integrifjaken together, these
results highlight the contributioof NQO1 in the maintenance of glucose homeostasis through fine
tuning regulation of insulin signaling. The newly described role of NQOL1 in energy control places it
as a potential therapeutic target for the treatment and prevention of chronic metaba$ieslis
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EFFECT OF MODIFIED T OCOTRIENOLS IN DIABE TES

Gustav Dallner and Kerstin Brismar

Department of Biochemistry and Biophysics, Stockholm University and Rolf Luft Research Center for Diabetes and
Endocrinology, Karolinska Institutet, Stockhol@weden

Tocotrienols belong to the vitamin E family and have artralis polyisoprenoid side chain.
Epoxidation one of the isoprenes increases coenzyme Q (CoQ) biosynthesis in tissue culture cell but
not in vivo. Additional modification of the chromarmhg is required for increasing CoQ synthesis

in mice which treatment does not affect cholesterol metabolism. When this compound is given ip to
db/db diabetic mice, they lost weight and the MRI measurements demonstrated that the decrease of
weight is elicted by a decrease of fat/lean ratio in spite of the unchanged food consumption. Studies
with metabolic chambers show a decrease of/O£xatio indicating the elevated utilization of fatty

acids. Triglycerides in the blood and liver are reduced. Fat adatedun spheroids of primary
human hepatocytes are substantially decreased after treatment with the compound. -Arginase
activity is elevated in db/db mice, peroxynirate formed and heart perfusion with red blood cells
from treated animals decreases rey&dn injury.

We have synthesized substances similar to tocotrienols with various modifications. The biological
effects of the modified substances were studied in tissue culture cells and an upregulation of a
number of genes important for wound healinghsas PDGFB and VEGF, was observed. iAn

vitro wound healing assay demonstrated an increased cell migration of fibroblasts. A greatly
enhanced blood vessel formation was also observedim\aino model system of endothelial cells.

Forin vivo studies ofwound healing in db/db mice we have used an established surgical procedure
to remove a circular part of the skin (punch biopsy). The substances were applied on the wound of
the mice skin and the progress of wound healing was followed continuously asidnext)i The

healing process exhibited a considerably higher rate, above 30%, indicating the possible use of
these compounds to treat a common complication of diabetes.

Db/db mice were also investigated for renal function after prolonged treatment. Thgcdimice

have a deficient renal function shown by an increased appearance of albumin in the urine.
Significant changes were absent after four weeks of treatment but after four months albumin
excretion was greatly decreased. ROS production is decreasdtieagénes important in renal
protection, HPR1 and SLC12A3 were upregulated. Adaptation to hypoxia is reflected by the
increase of HI F1U. Mi tochondria were preparec
an indication of opening of the mitochaoral transition pore, was analyzed. After four weeks a
small decrease of the swelling was observed and after four months of treatment the decrease of
swelling was substantial. Mitochondria from diabetic kidney exhibited loosely coupled respiration
when theelectron transport chain was investigated, but after prolonged treatment the tightly coupled
respiratory chain was reestablished.
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EFFECTS OF COENZYME Q;0 ON RETINAL -EVOKED AND CORTICAL -
EVOKED RESPONSES INPATIENTS WITH OPEN -ANGLE GLAUCOMA

Vincenzo Parisi

Fondazione G.B. BieHRCCS, Rome, ltaly

Purpose

To evaluate patteravoked retinal and cortical responses [pattern electroretinogram (PERG) and
visualevoked potential (VEP), respectively] after treatment with coenzyme iQ operangle
glaucoma (OAG) patients.

Methods

Forty-three OAG patients (mean age, 52.5+5.28traocular pressure <18mm Hg wihblocker
monoterapy only) were enrolled. At baseline and after 6 and 12 months, simulteeeaydsigs of
PERG and VEPsvere obtained from 22 OAG patients who underwent treatment consisting of
coenzyme @ and vitamin E (Coqun, 2drops/d) in addition tebitocker monoterapyGC group),

and from 21 OAG patients who were only treated withidckers (GP group).

Results

At baseline, intraocular pressure, PERG, and \flaBRameters were similar in both GC and GP
groups (analysis ofariance P >0.05). After 6 and 12 months, PERG and \fEBponse parameters
of GP patients were unchanged when compared to baseline. In GC p&ER(S, P50 and VEP
P100implicit times were decreased, whereas PERGIRSD and VEPN75-P100 amplitudes were
increased (RK0.01) when compared tmaseline. In the GC group, the differences in implicit times
andamplitudes with respect to baseline wsignificantly largeP<0.01) than those recorded in the
GP group. The improvemerfi2 mo minus baseline) of VEP implicit time was significantly
correlated with the changes of PERG M85 amplitudgr =0.66171, P =0.0008) and P50 implicit
time (r=0.68364 P =0.00045) over a period of 12 months.

Conclusions

Coenzyme @ administration in OAG shows a beneficial effect on the inner refimation (PERG
improvement) with consequent enhancement of the visual cortical responses (VEP improvement)
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INCREASED OXIDATIVE STRESS IN PATIENTS WITH AMYOTROPHIC
LATERAL SCLEROSIS: T HE EFFECT OF EDARAVO NE
ADMINISTRATION AND A POSSIBLE NEED FOR COENZYME Q 1
SUPPLEMENTATION

Yorihiro Yamamotd, Midori Nagasé Yusuke MiyazaKi, Hiide Yoshind

School oBioscience and Biotechnology, Tokyo University of Technology -14Gakua-cho, Hachioji, Tokyp
Japan
2yoshino Neurology Clinic,-3-16 Khonodai, Ichikawa, Chibalapan

Compared to agmatched healthy controls (n = 55), patients with amyotrophicalagelerosis

(ALS) (n = 26) showed increased oxidative stress, as indicated by a significantly increased
percentage of oxidized coenzymeoQn total plasma coenzyme 18(%Co0Q10), significantly
decreased level of plasma uric acid, and significantly deetepercentage of polyunsaturated fatty
acids in total plasma free fatty acids (FFA). Therefore, the efficacy of edaravone, a radical
scavenger, in these ALS patients was examined. Among the 26 ALS patients, 17 received
edaravone (30 mg/day;4Ltimes a wek) for at least 3 months and 13 continued for 6 months.
Changes in revised ALS functional rating scale (ALSHRSwvere significantly smaller in these
patients than in edaravommtreated ALS patients (n = 19). Edaravone administration significantly
reducel excursions of more than one standard deviation from the mean for plasma FFA and
contents of palmitoleic and oleic acids, plasma markers of tissue oxidative damage, in the
satisfactory preRrasscompapef pAbSFEF SASHSRg-r aves
5). Edaravone increased plasma uric acid, suggesting that it is an effective scavenger of
peroxynitrite. However, edaravone did not decrease %, §dQerefore, combined treatment with
agents such as Cegdmay further reduce oxidative stress in ALS patients.
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BENEFITS OF TOPICAL Q0 TREATMENT ON HUMAN S KIN

Anja Knott

Research & Development, Beiersdorf AG, Hamburg, Germany

Coenzyme @ (CoQo) is present in every membrane of all cells in tloely with a preferential
accumulation in mitochondria, plasma membranes, Golgi vesicles and lysosomes (Gille & Nohl,
2000). It was originally shown to be an essential component of the mitochondrial respiratory chain
(Bentinger, 2010; Mitchell, 1975). Sindken it has been well established, that Golias many

other important functions for example as a native constituent of the lysosomal electron transport
chain, promoting proton translocation across the lysosomal membrane (Gille & Nohl, 2000) or as
the only endogenously synthesized lipid soluble antioxidant exceeding both in amount and
efficiency that of other antioxidants (Bentinger, 2007).

In skin CoQg is not only found in living cells, but also in the skin surface lipids (SSL), that are a
mixture of sebhm and lipids originating from keratinizing epidermal cells, mainly corneocytes. On
this outermost level of the bodywhich is in permanent contact with external stress factors causing
reactive oxygen species (ROSYCoQ is apart from vitamin E, the opllipophilic antioxidant
serving important functions in the defense against oxidative stress. Both were found to synergically
inhibit the UV induced depletion of squalene (Passi, 2002).

Thus, CoQy is widespread in skin, both within living cells and skpids. However, endogenous
CoQyp levels decline with increasing age (Hoppe, 1999) and due to external insults hdarbage
(Podda, 1998). This lack in Cegdmay have impact on the mitochondrial activity of skin cells, but
also on the effectiveness oftanxidant protection against ROS within the tissue and on the skin
surface. Along these lines two important points of action arise in order to strengthen skin in its
natural functions. First, maintenance of sufficient cellular energy levels to stop thiee defc
mitochondrial activity and, second, antioxidant protection against ROS originating from any source.
Our studies focus on the topical application of Go@ cosmetic formulations and the resulting
benefits on human skin. New data will be presdnwhich point to the relevance of topical GeQ
treatment to support skinds natural functions
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PROTECTIVE EFFECTS OF COENZYME Q 10 AND ASPARTIC ACID ON
OXIDATIVE STRESS AND DNA DAMAGE IN SUBJEC TS AFFECTED BY
IDIOPATHIC ASTHENOZO OSPERMIA.

Giacomo TirabasSi Arianna Vigninf, Luca Tiand, Eddi Buldreghiri, Francesca Bruge
Sonia Silvestf, Patrick Orlandg AntimoD & A n £, eaurh Mazzanti Andrea LenZi
andGiancarlo Balercia

'Division of Endocrinology, Department of Clinical and Molecular Sciences, School of Medicine, Umberto | Hospital,
Polytechnic University of Marche, Via Tronto 10/A, 60126 Anctialy, “Department of Odontostomatologic and
Specialized Clinical Sciences, Polytechnic University of Mar8hepna, Italy Laboratory of Biochemistry,
ADIPHARM, Sant 6 Ant i*ndrologyRathdpbysiglogyl of Repradyction and Endocrine Diaghisis
Policlinic Umberto |, Uni versity

Objective

To assess the effects of Coenzymg (T0oQi o) and Aspartic acid (BAsp) on some previously
untested parameters of sperm oxidative stress and DNA damage.

Design

Observabnal longitudinal study.

Setting

Division of Endocrinology, Ancona, Italy.

Patients

Twenty patients affected by idiopathic asthenozoospermia.

Intervention

Administration of oral dietary supplement including Ge@nd DAsp.

Main Outcomes

CoQyp and DAsp levels, superoxide dismutases (SOD) activity, nitric oxide (NO) and peroxynitrite
levels and DNA damage (comet assay) in sperm.

Results

NO and peroxynitrite levels decreased, whereas SOD activity increased significantly after therapy.
Furthermeoe, tail intensity, a marker of DNA damage, diminished significantly after treatment.
Correlation analysis revealed a negative relationship between the increase pf @ddQthe
decrease of NO and tail intensity and a positive one between the incr&s@ eand the rise of

SOD activity; no significant correlation was found between the incrementAsand the changes

of markers of oxidative stress and DNA damage. Increase of SOD activity and decrease of NO
levels were negatively and positively corteth with the diminishment of tail intensity,
respectively.

Conclusions

Only CoQo, and not DAsp, seems to play a protective role against oxidative stress and DNA
damage in sperm.
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THERAPEUTIC EFFECTS OF UBIQUINOL ON FATI GUE AND CHRONIC
FATIGUE SYNDROME

Yasuyoshi Watanathé Sanae Fukuda, Kouzi Yamagufi®, Osami Kajimotd, Keniji Fuijii®,
and Hirohiko Kuratsurfe

'RIKEN Center for Life Science Technologies, HydBepartment of Physiology, Osaka City University Graduate
School of Medicine, Osakiepartment of Medical Science of Fatigue, Osaka City University Graduate School of
Medicine, OsakaUniversity of Kansai Welfare Sciences, Osakafigue Clinical CenterOsaka City University
Hospital, Osaka, antKaneka Corporation, Osaka, Japan.

We have been investigating the molecular and neural mechanisms of fatigue and chronic fatigue
and also the pathophysiology and therapies of Chronic Fatigue Syndrome. ievooup study, we
showed that oral administration of ubiquinone improved subjective fatigue sensation and physical
performance during fatigd@ducing workload trials (1). Then, we have done the open trial of
ubiquinol supplementation in the patients w@hronic Fatigue Syndrome (CFS). In an open trial
with 20 CFS patients (5 males and 15 femalesye8k supplementation of ubiquinol (150 mg/day)
showed the increase in plasma level of total ubiquinone in all patients, and resulted in positive
effects on tk depression score by CES sleep time, and correct score of arithmetic task. Then,

we proceeded to a randomized, dotilied, placebecontrolled trial with 31 patients (finally 17
ubiquinol group and 14 placebo group completed the study). In this sdcah 12week
supplementation of 150 mg/day ubiquinol has been performed in the ubiquinol group and the same
type of capsules of placebo was taken by placebo group patients. In the ubiquinol group, the plasma
level of total ubiquinone after W®eek supfementation increased around four times than the level
before intake and also the level of placebo group before and after intake. The results from the
second trial confirmed the supplementation effects in the open trial; namely, ubiquinol
supplementationsi effective in the parasympathetic nerve function, less awakening time at night
sleep, and the correction rate of arithmetic task. Subjective symptoms of fatigue were improved
well correlated with increment of plasma level of total ubiquinone in the patien
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SURVIVAL TRANSCRIPTO ME IN THE COENZYME Q DEFIC IENCY
SYNDROME IS ACQUIRED BY EPIGENETIC MODIFI CATIONS.

Daniel José Moreno FernandAyala and Placido Navas Lloret

CABD-CSIC/UPO and CIBERERSCIII, Universidad Pablo Olavide, Seville, SPAIN

Objectives

Coenzyme @ (CoQo) deficiency syndrome is a rare condition that causes mitochondrial

dysfunction and includes a variety of clinical presentations such as encephalomyopathy, ataxia and

renal failure. We sought to set up what all have in common, and investigate why CoQ

suppkmentation reverses the bioenergetics alterations in cultured cells but not all the cellular

phenotypes. To do that,

(1) we analyzed the common gene expression profile in primary cell cultures of dermal fibroblasts
from patients suffering any of the clinicalgsentation,

(2) we determined why Cof@treatment restored respiration but not all the clinical phenotypes, and

(3) we investigated the stable genetic cause responsible for the survival adaptation to mitochondrial
dysfunction owing to Cogdeficiency.

Methods

e The expression profile of fibroblasts from Cg@eficient patients (3 had primary deficiency
and 4 had a secondary form) and agetched controls, before and after supplementation with
CoQypwas characterized by microarray analysis. Results were valibpi@RT-PCR.

e The profile of DNA (CpG) methylation was evaluated for a subset of gene with displayed
altered expression in the same samples described above.

e The profile of histone methylation was analyzed by C&#e (deefsequencing of immunre
precipitatedchromatin with any of H3K4me3 and H3K27me3 antibodies) in control fibroblast
and in fibroblast from one of the bestidied patient. Parallel analyses were done independently
for the histonerepressive mark (H3K27me3) and the histaggvating mark (H3Khe3) to
select the putative regulated genes for any of the marks.

Results

o CoQodeficient fibroblasts (independently from the etiology) showed a common transcriptomic
profile that promotes cell survival by activating cell cycle and growth, cell seepsnses and
inhibiting cell death and immune responses. Most of the biological processes and pathways
related with apoptosis, differentiation and immune response were repressed. Energy production
was supported mainly by glycolysis.

e The regulated genesifththe histone marks supporting this gene regulation: repressed genes
lose the histonactivating mark H3K4me3 and a slight gain of the repressive H3K27me3 mark
in patients, whereas activated genes increased the activating H3K4me3 mark and lose the
represive H3K27me3 one.

e Co0Q supplementation restored oxidative phosphorylation and partially recovered the
expression of genes involved in cell death pathways. As described before, the regulated genes
shift the histone marks supporting this partial recovéth® gene expression.

e Genes involved in differentiation, cell cycle and growth were not affected afteryCoQ
supplementation.
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e Unaffected genes by Cagtreatment corresponded to highly activated genes by -DNA
demethylation in patients, whereas those genes with responsive expression {9 CoQ
supplementation presented an unchanged Didthylation pattern. These results approach to
explain the incomple recovery of clinical symptoms after coenzyme Q treatment, at least in
some patients.

Conclusion

e Our results demonstrated that, among the genetic heterogeneity ongoing detiQency
syndrome, all primary fibroblast showed a common transcript@matle that justified their
pathological phenotype, responded equally to gag@atment and presented similar DNA
methylation pattern.

e The survival transcriptome in the CgQdeficiency syndrome is acquired by epigenetic
modifications of chromatin, inctling DNA-demethylation and histone modifications in specific
residues.
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PHYSIOLOGICAL FUNCTI ONS OF UBIQUINONE AND UBIQUINOL
DEPENDENT GENE EXPRESSION SIGNATURES

Frank Doring

Institute of Human Nutrition and Food Science, University of Kiel

Coenzyme Q (CoQ) and its derivatives are evolutionary highly conserved lipophilic molecules that
have a number of essential functions in almost all organisms, inclidihg respiratory chain, as a
cofactor of pyrimidine biosynthesis and as an antioXidaextra mitochondrial membranddore

recently, CoQ has been identified as a modulator of apoptosis and inflammatory processes. Based
on studiesin-silico, in-vitro and in-vivo we provide evidence that Cegis involved in gene
expression. A deficiencyn CoQin humans is a clinically and genetically heterogeneous disorder,
with manifestations that may range from neonatal multisystem failure to -cathdt
encephalopathy. The generation of animal models deficient in CoQ is important to further clarify
the cellular function of CoQ and to unravel the complexity in the pathophysiological consequences
of CoQ deficiencyUsing C. elegansas model system, we established an experimentalpsed

identify gene expression signatures induced by endogenous Caef@mgfior exogenous ubiquinol
supply. We found that a deficiency of endogenous -Gp@hesis dowategulates a cluster of genes

that are importanfor growth (i.e., RNA polymerase I, eukaryotic initiation factor) and up
regulates oxidation reactions (i.eytochrome P450, superoxide dismutase) and protein interactions
(i.e., FBox proteins).Exogenous supply of ubiquinol partially restores the expression of these
genes as well as the growth retardation of @efcient mutants. Moreover, we found that GoQ
deficiency induces a gene expression signature that mimics the cellular surveilitinated
detoxification and defences response. Thus, we propose that ubiquinone and ubiquinol promotes
growth and defence mechanisms via gene expression, which willilnglieations to understand

the role of CoQ deficiency in humans.

This study is supported by Kaneka Corporation, Japan
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EFFECTS OF THE MEDIT ERRANEAN DIET SUPPLEMENTED WITH
COENZYME Q 10 ON OXIDATIVE STRESS AND INFLAMMATORY
RESPONSE IN ELDERLY MEN AND WOMEN

José LopeMiranda

Lipids and Atherosclerosis Unit, IMIBIC/Reina Sofia University Hospital, University of Cordoba and CIBER
Fisiopatologia Obesidad y Nutricién, Instituto de Salud Carlos IlI, IMIBIC/Fundacion para la Investigacion Biomédica
deCérdoba, Cérdoba, Spain.

Background.

Aging is a biological process characterized by toependent, progressive physiological declines
acconpanied by the increased incidence of-agjated diseases. A growing body of evidence points
toward the oxidativedamage caused by reactive oxygen species (ROS) as one of the primary
determinant of aging. However, recentestific studies have advanced the notion of chronic
inflammation, as other risk factors, underlying aging andratgged diseases as neurodegative
disorders, type 2 diabetes, atherosclerosis, and cardiovascular diseases.irgddnessentral
mechanisms underlying these pathologies will have implications for aging and should lead to new
therapeutic approaches for treating these conditions.

We have investigated whether the quality of dietarynfiadifies plasma biomarkers related to
oxidative stress, expression of genes and protein involved in oxidative stress, inflammatory
response and endoplasmic reticulum strasd p53dependent DNA repa In addition, we
determined whether supplementation with coenzymeoCoQ), described as a powerful
antioxidant that reduces oxidative strasgroves this situation in an elderly population.

Methods.

In this randomized crossver study, 20 participantsere assignetb receive three isocaloric diets

for periods of 4 week each. 1. Mediterranean diet supplemented with CoQ (Med+CoQ diet). 2.
Mediterranean diet (Med diet). 3. Saturated fatty -aicid diet (SFA diet). After a 1zhour fast,
volunteers consumed a breakfast with a fat composition similar to that consumed in each of the
diets.

We determined CoQ, lipid peroxides (LPO), oxidized LDL (oxLDL), protein carbonyl (PC), total
nitrite, nitrotyrosine and@-hydroxydeoxyguanosiné8{OHdG) plasma levels, catalase, superoxide
dismutase (SOD) and glutathione peroxidase (GPx) activisiglsemic reactive hyperaemia (IRH),
gene expression related to oxidative strd$g2( p22phoxand p47phox SOD1 and 2, GPx1,
thiorredoxin reductas€TrxR)), gene expression related to inflammatory response and endoplasmic
reticulum stressc@lreticulin, IL-/01, JNK-1, p65, IkB[J, /IKK-[1, MMP-9, IL-1b, JNK1, sXBPR1,

and BiPGrp78), gene expression and protein levels related tb BANA damage and p53
dependent DNA repairpb3, p21, p53R2, mdm2, Gadd45a, Gadd45b, OGG1,-KREf1,

DNA p ahdKRO).

Results.

Med diet produced a lower postprandial GPx activity and a lower decrease in total nitrite level
compared to the SFA diet.

Med and Med+CoQ diets induced lower fasting SOD2, calreticlilirib, and JNK-1 gene
expression, lower postprandial Nrf2, p22phox, p47phox, SOD1, &R, IKK-b, MMP-9, IL-1b,
IJNK-1,sXBPR1, and Bi P/ Grp78, p53, md m2 , Gad dyénk a , G
expression, and higher postprandidB-a gene expression compared to the SFA diet. Also, Med
and Med+CoQ diets induced a higher postprandikesse in IRH and a lower postprandial LPO,
oxLDL and nitrotyrosine an8-OHdG plasma levels than the SFA diet.
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Med+CoQ diet produced a lower postprandial decrease in total nitrite and a greater decrease in PC
levels and lower postprandial Nrf2 gene eegsion compared to the other two diets and lower SOD,
CAT and GPx activities and lower GPx1 gene expression than the SFA diet.

Conclusions.

Our results support the antioxidant and -amfliammatory effect of a Med diet and that exogenous
CoQ supplenentation has an additional effect against free radical overgeneration and oxidative
DNA damage through the lowering of oxidative stress, increasing the action of antioxidant system
and modulating the inflammatory response in elderly subjébtsse resudt suggest a starting point

for the prevention of oxidative processes associated with aging.
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UBIQUINOL VERSUS UBI QUINONE

Gian Paolo Littarru

While the use of oxidized Ca@as a nutraceutical and in clinical practice has now a history of
severaldecades, only a few years ago ubiquib@) the reduced form of Cag) was introduced

for oral useThe rationale on which ubiquinol was proposed lies on two facts:

-superior bioavailability compared to ubiquinone

-possible decrease of ubiquinereglucing capacity with age.

It is well known that when ubiquinone is orally administered its reduction must occur, in order to
be absorbedThere is experimental evidence that bioavailability of ubiquitthl when given

orally, is superior to the corresponding bioavailability of oxidized o®@his can be verified

with healthy people; moreover, several cases have been reported where some cardiac patients
treated with Co@) experienced a worsening of their clinical coratiti which was reversed when

they replaced ubiquinone with ubiquinol. This improvement was accompanied by an increase of
their blood Co@, levels.

In some animal models an age related @e@dwing capacity was reported. Biiaphorase
(NQO1), is a welknown enzyme, important for detoxification of several compounds with
benzene rings. It is also one of the main ertrbchondrial enzymatic systems capable of
reducing Co@ to CoQgH.. The reducing equivalents for this reaction come from NADPH+H
NQO1 gecific activity significantly decreases with age in mouse and in rat liver. Activity of
thioredoxin reductase also shows a marked decrease in kidneys of aged rats. On the other hand,
levels of NADPH, an essential electron donor for NQO1 enzyme, were fousinificantly

decline with age. The SAMP1 strain is a mouse model for accelerated senescence and severe
senile amyloidosis. CofgH, was shown to have antiaging activity in this mouse model. In fact
lifelong administration of reduced Ce§xslowed down he increase of grading score with age.

New conditions could be identified where the use of ubiquinol would be preferred.

Prof Mortensen was the first person to show improved mortality outcome from the administration

of Qi in heart failure. He will beremembered for his lifelong work towards this ajre
accomplishment.
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EFFECT OF UBIQUINOL ON MITOCHONDRIAL POT ENTIAL AND
OXIDATIVE STRESS IN RELATION TO INTENSIV E PHYSICAL
EXERCISE

L.Tiano, P. Orlando, SSilvestri, F. Brugé, T. BacchetgP Littarru

DISCO Department of Clinical and Dental Sciences Polytechnic University of Marche, Via Ranieri Ancona

Regular exercise is able to modulate antioxidant defence system and improve energetic metabolism
in mitochondria. On the other hand, exbtine exercise might be associated with increased ROS
production causing oxidative damage. Mitochondria, in this respect, represent a sensible target of
oxidative damage and their impairment might lead both to decreased energy production and
enhanced ROSormation. However, free radicals not only cause damage but also have a
physiological role in cell signalling underlying adaptation to stress and training. A tight control of
redox status, taking into account training experience, is therefore critigabserving pivotal

cellular functions. The aim of the present study was to investigate whether supplementation of
mitochondrial nutrient Ubiquinol affected cellular antioxidant activity and mitochondrial
functionality in trained individuals before and eafta single bout of intense physical exercise.
Investigation has been conducted on 21 athletes from a local Rugby team enrolled in a double blind
crossover study. Athletes were randomized to take either 200 mg ubquinol per day for 3 weeks or
placebo and #n treatment was switched in a crossover manner, following a washout period of 2
weeks. Samples were obtained before and after a single bout of intensive exercise produced by 40
minutes run at 75% of the maximal heart rate on a treadmill. During theisexéndexes of
physical performance such as speed and heart rate have been recorded and blood samples wer:
collected at rest and immediately after the run. Moreover whole blood was maintained at 37°C for
up to 210 minutes in order to evaluate biochemicalexes in an exivo recovery phase.
Biochemical analyses were conducted on plasma and included lipid profile, antioxidant levels and
markers of muscular stress such as creatin kinase and mioglobin. At cellular level investigations
were conducted on periptal blood leukocyte that represent a easily accessible, but also relevant
cell type to measure intracellular ROS levels and mitochondrial functionality using fluorescent
probes and flowcytometric analysis. Moreover oxidative DNA damage was measuredsamie

cells using the comet assay. Finally, using quantitative real time PCR modulation of expression of
genes involved in antioxidant defences, oxidant signaling and mitochondrial biogenesis was also
evaluated. Data have shown a significant decreaseasingl Co@, even after plasma cholesterol
normalization, after intense physical exercise associated with an enhancement of muscular stress
markers. This might indicate an enhanced requirement of;g00Q cellular compartments.
Ubiquinol supplementation was able to prevent such decrease although it was not able to modify
plasma CK and Mb release. At cellular level a distinctive improvement in cellular oxidative status
and mitochondrial functionality wasbserved
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ON THE REACTIONS OF ENDOGENOUS COENZYME Q30 WITH NITRIC
OXIDE AND ITS METABO LITE NITROGEN DIOXID E

Lucedio Gred and Gian Paolo Littarfu

& Universita Politecnica delle Marche, Dipartimento DiSVA, via brecce Bianche, 60131 Atitadpna,
® Universita Politecnica delle Marche, Dipartimento DISCO, via Ranieri, 60131 Ancona, Italy

CoQu is present everywhere in the human body and in particular in mitochondria where it plays its
well-known role in the mitochondrial respiratory chain.

Nitric oxide (NO) is also an endogenous product, responsible for vasodilation. Hgenefvery

short, because it reacts rapidly with oxygen generating nitrogen dioxidg) (&@ nitrous
anhydride (NO3), and even more rapidly with superoxide anios J@rming peroxynitrite.

Very few researchers have addressed the reactions of oxidised &uQreduced CofgH, with

NO and NQ. The present communication describes the reactivity of these two natural species with
CoQp and CoQeH,. The studied reacns were carried out with pure Cgor with CoQo
contained in the blood and in mitochondria. Attention was focused not only on the most studied
quinoid moiety, but also on the isoprenic chain.

Results evidenced that nitric oxide in the presence of oxygaots with the isoprenic chain
generating products characterised by the addition of nitrogen dioxide to the double bonds and also a
nitroxide, detectable by EPR directly in biological systems. Studies are in progress to measure the
rate constants of thateractions of these endogenous compounds.

52



POTENTIAL IMPACT OF IN VIVO UBIQUINOL SUPPLEMENTATION IN
THE PREVENTION OF ATHERO THROMBOSIS IN ANTIPHOSPHOLIPID

SYNDROME PATIENTS. PRELIMINARY RESULTS OF A CLINICAL
TRIAL

Ch. LépezPedrerd C.PérezSanchez M.A. Aguirre', F. Velascd, P. RuizLimén®,
N. Barbarrojd, Y. JiménezGémezZ, P. Segdi E. CollantesEstévez, L. Fernandez del Rip
J.A. GonzéleReye$, M.J. Cuadraddand J.M. Villalb&d

YIMIBIC/ Reina Soffa Hospital, Cérdob&pain;? Department of Cell Biology, Physiology and Immunology, University
of Cérdoba, and Agrifood Campus of International Excellence, ceiA3, Shaipys Research Unit, St Thomas
Hospital, London, United Kingdom.

Background: We have recently investigated thiele of oxidative stress and mitochondrial
dysfunction in the pratherothrombotic status of APS patients induced by antiphospholipid
antibodies (Ig@PL) and the beneficial effects of supplementing cells with CoenzymdéQQ
PérezSanchez et al., Blood012). In that study, a significant increase in relevant prothrombotic
and inflammatory parameters in 43 APS patients was found compared to 38 healthy donors.
Increased peroxide production, nuclear abundance of Nrf2, antioxidant enzymatic activity,
decreasd i ntracell ul ar glutathione and altered
found in monocytes and neutrophils from APS patients. Accelerated atherosclerosis was found
further associated to their inflammatory/oxidative status. Q preincubatioeabthin monocytes
beforelgGa PL t reat ment decreased oxidative ,andr ess
the induced expression of tissue factor (TF), vascular endothelial growth factor (VEGF) and its
receptor Fltl. Also, Q significantly improgiethe ultrastructural preservation of mitochondria and
prevented IgGAPS-induced fission mediated by Ddp and Fisl proteins. Thus, this study
demonstrated the presence of an oxidative pe
directly related @ an inflammatory and pratherothrombotic status, and relied on alterations on
mitochondrial dynamics and metabolism, which was prevented and/or reverted by treatment with Q.
Those results prompted us to evaluate ithgivo beneficial effects of Q supplementation in the
prevention of atherthrombosis in APS patients, by developing a clinical trial.

Objective: To investigate the beneficial effects iof vivo ubiquinol (QH, reduced form of Q)
supplementation on athetbrombosis prevention in APS patients, through the implementation of a
prospective, randomized, doubieasked, placeboontrolled study.

Methods: To date, he study has been conducted on 20 APS patients randomized to receive either
QH. (200 mg/day) or placebfor one month. Blood was drawn at time O and at the end of the
treatment. Studies were performed in plasma and purified leukocytes subsets. Total plasma Q
levels, various prothrombotic/proinflammatory parameters, and oxidative stress biomarkers were
evaliated. Ultrastructural evaluation of mitochondria in isolated monocytes was performed by
electron microscopy. Endothelial activity analysis was performed by 1xggpler measurement

of post ischemic reactive hyperemi@arotidintimaemedia thickness (CIMT) wasieasuredisan
earlyatherosclerosis marker.

Results: Seventeen out of 20 patients completed the intervention, which increased significantly
total plasma Q levels. Endothelial function improved notably, as shown by the at@liarahe
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highest perfusion value after occlusion was released, expressed as a percentage ofsclestige

flow value (RFPF). CD14highCD16 classical monocyte count was not changed, but
CD14highCD16+ intermediate monocytes and CD14dimCD16+ctasscal monocytes were
decreased. QHreatment decreased Tissue Factor (TF) expression levels in total monocytes, and
more notably in intermediate monocytes, which also displayed a more robust reduction of
intracellular IKK levels. Only this monocyte subsatibited IL-8 reduction after intervention. QH
supplementation produced a reduction in both the levels of peroxides and the percentage of
monocytes with altered mitochondrial membrane potentedif). A number of proinflammatory
mediators were found fureér reduced in CD16+ monocytes and neutrophils by effeat wivo

QH, treatment, including VEGF, CCL3,{LC, |1 L6, and TNFU.

Correlation studies showed that reduced monocyte TF expression afiére@trhent were related

to decreased peroxides levels, increased total plasma Q levels and improved endothelial function.
Improved endothelial function further correlated with IL8 levels. The decrease eflasical
monocytes count was related to redmgtin the percentage of cells with altergdin as well as

with the increase in RPF value.

QH, effects were particularly relevant in APS patients showing pathologic CIMT and thrombotic
recurrences (both of them directly associated to the inflammatoryoxiddtive status of the
patients). In our cohort, 8 out of 11 patients showing atheromatous plaques had also suffered at least
one thrombotic recurrence. These pathologic processes were further linked to a poorer endothelial
function compared to the remmang APS patients. Of note, particulathese patients were the ones
showing a better response to Qtrkatment, with a significant increase endothelial parameters

such as hyperemia area and perfusion value after ischemic occlusion.

Conclusion: QH, supplementation at 200 mg/d significantly improved endothelial function, and
reduced mitochondrial dysfunction, oxidative stress, and the expression of prothrombotic/
proinflammatory proteins. Our results support the potential impact of iQkhe prevenon of
atherothrombosis in APS patients.

Supported by: CTS940, PI112/01511, Spanish Rheumatology Society, KANEKA.
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WHY IS THE BIOAVAILA BILITY OF UBIQUINOL GREATER THAN
THAT OF UBIQUINONE?

Mark L. Failla and Chureeporn Chitchumroonchokchai

Human Nutrition Program, Department of Human Sciences, The Ohio State University, Columbus, OH 43210, USA

The bioavailability of orally administered ubiquinol (CoQH) in healthy adults has been reported to
be markedly greater than that of ubiquinone (&piles et al. J. Functional Foods I, 65, 2009).

The basis for the influence of redox state on the absorption of CoQ was investigated using the
coupled in vitro digestion/Cae® human intestinal cell model. CoQH and Ge®ere solubilized

in hydrogenate castor oil before addition to f&iee yogurt. Partitioning of CoQH in the aqueous
(i.e., bioaccessible) fraction of chyme after simulated gastric and small intestinal digestion
significantly exceeded that of Ce§Q When the bioaccessible fraction gexted during digestion

was added to cultures of differentiated G&ccells, uptake and trampithelial transport of CoQH

were 2.3 and 3.4 times, respectively, greater than that of ICd®&utathione reductase, NQO1 and
thioredoxin reductase have been gmsed to have a central role in the maintaining a high
intracellular ratio of CoQH to CofQ The impact of these enzymes on the uptake and-trans
epithelial transport was examined. Inhibition of GSH reductase and decreased cellular GSH status
resulted in agreater decline in the uptake and transport of CoQH thamd-eQ@ggesting that a
reduced intracellular state is essential for efficient absorption of CoQ across the small intestinal
epithelium. Auranofirmediated inhibition of thioredoxin reductase wityi also decreased apical
uptake and transport of CoQH, but not GeQHowever, this differential effect was associated with
auranofinassociated oxidation and degradation of micellar CoQH in apical medium. NQO1 activity
was not detected in Ca@cells. These data suggest that the increased bioavailability of CoQH
compared to Cog results from the more efficient micellarization during small intestinal digestion
and enhanced uptake and trapithelial transport of the former. Moreover, apical uptakg an
basolateral secretion are dependent on a high intracellular ratio of GSH to GSSG in order to
maintain supplemental CoQ in the reduced state.

Bioaccessibility and basolateral secretion of CoQH > CoQ10

Supplements Digestion Micelles Enterocytes Lymph
S Cogr
ﬁ E(;Q(}‘F é CoQH q COQH
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P1. INTRAVENOUS ADMINISTRATION OF SOLUBILIZED COENZYME
Q10PROVIDES NEUROPROTECTION IN RAT MODEL OF PERMANENT
CEREBRAL ISCHEMIA

Belousova M.A., Medvedev O.S., Gorodetskaya E.A., Kalenikola

Lomonosov Moscow State University, Moscow, Russia.

Objective: In our previous study in rats it was shown that intravenous injection of solubilized
coenzyme @ (CoQg) solution is followed by its passage through the bibwin barrier and
increasein CoQy brain level [1]. This finding opened the opportunity to investigate effects of
CoQyo in acute cerebral ischemia.

The purpose of the study was to estimate the neuroprotective efficacy of single intravenous
injection of solubilized Cog) in rat model of middle cerebral artery occlusion.

Methods: The experiments were performed on 49 male Wistar rats weighed 310 to 390g. Cerebral
focal ischemia was induced by permanent left middle cerebral artery occlusion (pMCAOQO). Rats
were anesthetizedith chloral hydrate (400 mg/kg, i.p.) and subjected to pMCAO. The middle
cerebral artery was blocked by threading siliconated 40 nylon monofilament through the
external carotid to the internal carotid artery, blocking the origin of middle cerelegf. atl the
animals were randomly divided into 4 groups:iritact rats (n=3); 2 shamoperated (n=8); 3
pMCAO+Vehicle (n=12); 4 pMCAO+Co0Q, (n=11). 60 minutes after the onset of occlusion
animals were treated with intravenous injection of o0 ng/kg) or Vehicle (2 mi/kg). 24
hours after the onset of occlusion the neurological deficit was evaluated using the mNSS grading
system with a scale from 0 to 18, the lower the score, the greater the neurological deficit. After
evaluating the neurologicaleficit rats were euthanized, brains were collected. Infargbtume

was measured by 2,3tBphenyltetrazolium chloride (TTC) staining. The infarct percentage was
calculated as: 100 x infarct volume/ipsilateral hemisphere volume; @isQue level wasvaluated

by HPLC with electrochemical detection separately in ipsilateral (i/l) awowtrlateral (c/l)
hemispheresData are shown as mean + SD. Statistical analysis was performed by nonparametric
MannWhitney Utest. A difference with p < 0.05 was catesied statistically significant.

Results There was no neurological deficit and no brain damage in the-sparated group. All

rats from pMCAO groups exhibited the severe reduction in neurologic score in comparison with
sham operated. The neurologicabse in pMCAO+Co@, group was significantly higher compared

with pMCAO+Vehicle group (10 vs 7 scorespectively, 0.01). The infarct volume in
pMCAO+CoQo group was 28.4+9.8% and was significantly reduced by 49% compared to
pMCAO+Vehicle group (57.2+£9.6%0p<0.05. Co@ brain level in intact and shaoperated rats

was 22,1+1,0 mkg/g and 22,5+1,8 mkg/g resp., and was not significantly different, p>0.05. In
pMCAO+Vehicle group level of CofQ significantly decrease in both hemisphere, mostly in
ipsilateral (i/l 7 16,9+2,1 mkg/g; cfl 18,4+2,3 mkg/g), p<0.05. Single intravenous injection of
CoQp in pMCAO+Co0Q, group leads to the restoration of GgCbrain level in ipsilateral
hemisphere (23,9+2,6 mkg/g) and to its accumulation mn2é}4+1,2 mkg/g, p<0.05ompared

with intact rats.

Conclusiont single intravenous injection of solubilized coenzymg, @& followed by its
accumulation in ischemic brain and the neuroprotective effect by improving neurological outcomes
and reduction in stroke infarct volume.
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P2. AGE-DEPENDENT CHANGES IN COENZYME Q -SYNTHESIS
COMPLEX TRANSCRIPTOME

Carmen CampaeSilva, Ivan ReyesTorres, MaximiliandRivera, Catherine Mez&orres,
Elisabet RodrigueBies, Placido Navas, GuillermapezLluch

Centro Andaluz de Biologia del Desarrollo (CARBISIC), Departamento de Fisiologia, Anatomia y Biologia Celular,
Universidad Pablo de Olavide, CIBERER, Instituto de Salud Carlos I, Seville, Spain.

Regulation of gene expression is an impdrfamocess in the maintenance of homeostasis during
aging. In many studies, mRNA and protein levels are compared between young and old animals;
however, our results demonstrate that differences can be higher when mature animals are
considered. In our studyRNA levels of all the known components of the coenzyrreyQhesis
machinery were analysed in different organs such as brain, kidney and liver by gPCR from animals
aged 8 (young), 18 (mature) and 24 (old) months. Interestingly, liver showed higherscirange
MRNA levels of the different components. In most of the cases, mMRNA levels of the different
components were higher in mature animals in comparison with young and old animals. When
MRNAs of young and old animals were compared, only minor reductionRMAnlevels was

found. In brain, changes were minor although most of the changes showed a similar pattern than in
liver.

In order to determine the effect of two hormetic factors such as resveratrol and physical exercise in
old animals, we compared mRNA ks in 24 month old control animals, animals fed with
resveratrol during 6 months or animals trained during 1.5 months. Interestingly, only COQ10 and
mDLP1 responded to both, physical exercise and resveratrol in brain whereas the other components
were notaffected significantly. Interestingly, in liver, the effects of exercise and resveratrol were
more evident and affected more components of the synthesis machinery such as COQ2, COQ6 and
COQ9 whereas COQ10 was affected similarly to brain but mDLP1 wadfactea. Interestingly,

COQ7 mRNA was reduced by exercise and resveratrol.

Our results indicate that age is an important factor affecting COQ gene expression but its effect
depends on the organ and that mature animals show higher levels of mMRNA tharagdusig

animals. The effect of hormetic factors such as calorie restriction (previously published Parrado
Fernandez et al., 2011), physical exercise or resveratrol is-deggmdent and probably age
dependent since these factors have shown higher effedd than in young animals (Tung et al.,
2014). Probably, Q is an important factor in age progression and a deeper study of the response of
COQ synthesis machinery to age and the regulatory factors involved is needed.
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P3. RNA-BINDING PROTEINS REG ULATE CELL RESPIRATI ON AND
COENZYME Q BIOSYNTHE SIS BY POST-TRANSCRIPTIONAL
REGULATION OF COQ7

Maria V. Cascajb®, Emilio Siendoné's’, José M. CuezVad, Daniel M. FernandeAyala'?,
Placido Navas® and Myriam Gorospe
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Coenzyme Q (CoQ) is synthesized &dymultipeptide complexGOQ1:COQ10 and COQ7is a

central regulatory element of the biosynthetic pathway. CoQ concentration is highly regulated in
cells because either a deficit or an excess of about 30% has negative consequences to cell
metabolism. It Bs been indicated that tissue concentration of CoQ is modified in aging and
pathophysiological conditions. However, the knowledge of the biosynthesis and regulation of this
lipid in human is quite limited.

We have previously demonstrated that COQtranscriptional and postanslationally regulated.
IndeedNF-kB regulatesCOQ7geneas a response to oxidative stremy] it is also regulated under

a nutrientdependent phosphorylatiatephosphorylation cycle. In this work, we have focus in the
postt r anscri ptional regul ation of C@OQ7 m&NAd we
contains cisacting elements involved in the pdgsinscriptional control of this gene. HUR and
hnRNP C1/C2 are RNA i ndi ng protei ns GCOQRAMRNA.iHoRdregtdtes 3 0 U1
many essential genes involved in stress response, cell division cycle, carcinogenesis, immune cell
activation and replicative senescence. The hnRNP C1/C2 function is still quite unknown. The
absence of HuR destabilizes tf@OQ7 mMRNA and reduces bothtsi expression and CoQ
biosynthesis rate. By contrast, the lack of hnRNP C1/C2 increases tHéehatf COQ7 mRNA.

Both COQ7 andHuR knockdown in human cells affected mitochondrial respiration, by decreasing
both oxygen consumption rates and Api®duction, and increasing lactate levels. We show that
cells modulate respiration rates through the levels of CoQ, which depends on the regulated protein
MRNA COQ7 translation. Funded by FIS PQ#962 grant.
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P4. VITAMIN K2 CANNOT SU BSTITUTE COENZYME Q ;0AS ELECTRON
CARRIER IN THE MITOC HONDRIAL RESPIRATORY CHAIN OF
MAMMALIAN CELLS

Cristina Cerqui?, Alberto Casarih? Leonardo Salviati®and Eva Trevissoh?

! Clinical Genetics Unit, Department of Woman and Child Health, University of Padova, Padova, Italy
Z|RP Citta della Speranza, Padova, Italy

Defects of ubiquinone biosynthesis cause coenzyme&@Q) deficiencies, a group of clinically

and genetically heterogeneous conditions. Patients with primary CoQ deficiency respond well to
ubiquinone oral administration if treated prematurely, but there are some pharmacokinetic
constraints related to thefficulty of CoQ to reach the mitochondrial respiratory chain (MRC), due

to its extreme hydrophobicity. Therefore, in the last years many studies have been performed to
identify more watessoluble product formulations or other substances that could ntisrfigriction,

and different CoQ analogs are being used in clinical trials.

Recently, vitamin K2Z(menaquinone&l, MK-4) was reported to aets a mitochondrial electron
carrier, similar to CoQ, in the MRC &f. melanogastefVos et al., 2012).

We tested whethlievitamin K2 could mimic CoQ function in a human cell model of CoQ
deficiency. At this purpose we used human fibroblasts isolated from skin biopsies of patients with
primary CoQdeficiency harbouring mutations i€@OQ2 one of the gene required for CoQ
biosynthesis. Our data show that vitamin K2 cannot substitute CoQ in the MRC of these human
cells since it is not able to restore the decreased Complex I+l activity. We also found that the
growth of yeast Coq mutants on a Alenmentable carbon source cahbe rescued by the addition

of MK-4 to the medium.

Our results suggest that vitamin K2 cannot functionally replace CoQ as electron carrier in the MRC
of human cells.
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PS. MOLECULARLY IMPRINTE D SOLID PHASE EXTRACTION
BEFORE COQ;0ANALYSIS FROM TWO COMPL EX MATRICES

M. Contin', C. Garcia BecerfaM. Morettort*, S. Flo*®, D. Chiappett&’, S. Lucangiofi®,
V. Tripodi*®

! Departmenbf PharmaceuticallechnologyFaculty of Pharmacyand Biochemistry Universityof BuenosAires,
Buenos Aires, Argentina
2Departmenbf Analytical Chemistryand PhysicochemistryFaculty of Pharmacyand Biochemistry Universityof
Buenos Aires, Buenos Aires, Argentina
3 Consejo Nacional de Investigaciones Cientificas y Tecnolégicas, CONICET, Buenos Aires, Argentina

Molecular imprinting is a strategy to introduce a 'molecular memory' in a polymeric system
obtaining materials with specific recognition properties (1).

Molecularly imprinted polymers (MIPs) are usually developed by mixing a template molecule with
functional monomers, a creisker and an initiator. After polymerization, the template molecules

are removed making the binding sites and the cavities, whicbaanplementary to the template in

si ze, shape and functionality, accessi bl e. Th
able to specifically recognize and bind the target molecule.

MIPs are use as sensors, for chromatography, immunoassatys]led drug delivery and catalysis.

In a previous work we have reported for first time the use of CoQO as a template in the development
of a molecularly imprinted polymer with the ability to recognize ¢d@Q).

In this work we present the use of thidywoer in solid phase extraction (SPE) procedure before
CoQyo analysis by HPLC.

In this opportunity the clean up after SBf two matrices is presented.

The first matrix is a bovine liver, were a high number of interferences were found which can led to
electrodes passivate and a damage to the chromatographic column.

The second matrix is Ca@nancencapsulated in a polymemanoparticle (NPs). It is known that

those NPs are extremely harmful to the chromatographic column.

Experimental

The polymer wasynthesized by bulk polymerization usingethacrylicacid (MAA) and ethylene

glycol dimethaclylatd EGDMA) as monomers, CoQO as template and benzoyl peroxide as initiator.

It was characterized by scanning electron microscopy (SEM), and superficial afearézé:

The SPE consisted in three steps, first the sample loading, then the washing step and finally the
elution step. The proportion ofdropanol: water in each step was optimized in order to favor a
specific interaction.

All experiments were performaslith a polymer control (NIP) which is synthesized under the same
conditions in the atence of the template molecule.

An additional binding experiment was performed employing g@@ubichromeno(UC) in order

to evaluate the specificity of the interactio e x pr essed I n t e-mansed o f t
promotion of bindingo (I PB), a parameterg that
effect.

Results and discussion

The SEM analysis revealed an internal structure composed of intercongeriatés, and the BET

area was around 24*rg* for the MIP and 8 rhg* for the NIP. The IPB values obtained when
CoQp were employed in the binding assay was six time higher than when UC were employed,
which mean that the polymer is able to bind Ggsgectively.
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The clearup of the liver extract with the polymer as stationary phase was compared to thepclean
employing a G18 commercial particle; the purification factor was around four times higher when
the polymer was used. The MIP showedthpacity to bind Cog) over othercompounds present

in the liver.

The chromatograph from the analysis of Goe@®om the CoQ, naneencapsulated revealed a
significant improvement when a cleap is previously performed with the polymer.

The recovery of CQ1pwas higher than 73% and a CV% lower than 8% in the biological matrix and
nearly 100% of recovery and a CV% lower than 2% in the pharmaceutical matrix. Both assays
where performed by triplicate in three different concentrations.

Conclusion

The ability of the molecularly imprinted polymer to bind CgQvas successfully used in a solid
phase extraction which led to improve the chromatograplailysis.

The elimination ofnancparticles from the pharmaceutical matrix will be important in order to
expand te life time of the column and the elimination of compounds from the biological matrix as
well as the pharmaceutical matrix will be important to determine;gagprectly.
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P6. UBIQUINOL SUPPLEMENT ATION REDUCES OXIDAT IVE DAMAGE
ASSOCIATED TO STRENUOUS EXERCISE

Diaz-Castro 3% Sarmiento A2 Kajarabille N?, PulidoMoran M"3, MoreneFernandez#,
Osa VM, Hijano S, Ochoa JF

!Institute of Nutrition and Food TechnologyDepartment of Physiology. University of Granad®epartment of
Biochemistry and Molecular Biology II. University of Granadervicio Andaluz de Salud. Hosp. Univ. Granada.

Introduction

Regular, moderate and planned exercise has many health benefitsw&ler, exhaustive exercise

could induce fatige resulting in alterations of several hormonal processes, transient
immunosuppression, increased free radicals output and an increased susceptibility to infection (2).
Antioxidants for sports people may reduce the muscle damage induced by free radicedsein
endurance and achieve performance improvements (3). In this sense, ubiquirmtjdamti form

of CoQ, is considered a safe compound, without any side effects, legally authorizedhping

(4).

Material and methods

100 fireman were divideohto two groups: ubiquinol (Kaneka) group=50), and placebo (control)

group ©=50). The Ubiquinol group received oral administration of 200 mg/day during 2 weeks and
the control group took a capsule of placebo. After supplementation period subjectsedréo
strenuous exercise protocol consisted of conducting two identical strenuous exercise tests, with a
rest period between tests within 24 hours, in order to cause muscle damage. The workload
corresponded approximately to-80 % of the Dynamic Maximurkorce. Five blood and urine
samples were taken: before supplementation (T1), after supplementation (T2), after first physical
exercise test (T3), after 24h of rest (T4), after second physical exercise test (T5). UOtddGS

was measured using a commatdiit (8OHJG Check, Japan Institute for the Control of Aging,
Shizuoka, Japan)-80Pr ost agl andin F2U in urine were mea
Immunoassay for Urinary Isoprostane (Oxford Biomedical Research, Oxford, England). Oxygen
RadicalAnt i oxi dant Capacity (ORAC) was measured
Radical Antioxidant Capacity (ORAC) Activity Assay, Cell Biolab, San Diego, USA).

Results

The physical tests increased urinarPBldG at T4 with respect to T3 and T5dantrol group. A
significant difference between groups was observed in the sample T4, after the 24 hours of rest and
before the second physical test with a major contert@H8G in the control group (Figure 1A). A
higher level of urinary 1%-2tIsoprostaes was observed in T3 and T5 (after strenuous exercise),
though in the supplemented group it was only significant in the T5, whereas in the group control
there were differences with regard to the T3 and T5. In the sample T4 also major values were
observed though it was only significant in the control group. Between the groups we found
differences in T2, T3 and T4 (Figure 1B).In the control group, a maximum antioxidant capacity was
observed in the sample T3, just after performing the first physical testsignificant differences

with regard to T1. A decrease was also observed in the following samples, T4 and T5 with
significant differences in comparison with sample T3. In the supplemented group a higher
antioxidant capacity was observed in the samp&sI'8 and T4 in comparison with T1, without the
previously commented decrease in the control group. Between experimental groups significant
differences were shown in T2 and T4 with higher values in the supplemented group (Figure 1C).
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Conclusions

Ubiquinol supplementation diminished urinaryGBHdG and isoprostanes indicating lower DNA

and prostaglandins damage as a result of oxidative stress and increased antioxidant capacity after
intense exercise sessions, therefore we can conclude that ubiquin@fes @mpound, efficient
ameliorating the oxidative stress induced by the strenuous exercise.
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Fig. 1. Effect of exercise and ubiquinol supplementation éDHJG urinary (A), urinary isoprostanes (B) and ORAC
in plasma (C).

Figure Legends:Data shown are the mean + SD (n= 50 subjett4@an values differ between groups in this sample
taking, P<0.05. Capital |l etters AABCDEO indicate the e
intakes in control group (the existenoé not coincidental letters between different samples taking indicates the
existence of significant differences between these sam
between the diverse samples of the ubiquinol group, andtistence of not coincident letters means statistical
differences, P<0.05.
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P7. PLASMATIC AND INTRACELLULAR MARKERS OF OXIDATIVE
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POLYCYSTIC OVARY SYNDROME
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Insulin resistance (IR) is associated with polycystic ovary syndrome (PCOShtigidtress (OS)

is, in turn, related to IR. Studies in PCOS have remarked abnormal OS markers, mainly in obese
patients. In order to investigate OS parameters in PCOS and relationship with hormonal and
metabolic picture, we performed a casmtrol studyon Outpatients afferent to the Department of
Endocrinology and Gynecology at our hospital. We studied 2 PCOS groups: normal weight, (n=21,
age 2030ys, mean + ES BMI 20.7+0.2 kgfmand obese (n=15, 128 ys, BMI 32.8 + 1.1)
compared with two control gups: matched for BMI (normal (n=10,-B3 ys, BMI 21.6 £+ 0.9) and

obese (n=20, 2B1ys, BMI 36.8 + 1.0).

Malondialdehyde (MDA) in blood plasma and peripheral mononuclear cells, obtained by -density
gradient centrifugation, was assayed spectrophotometrically535nm by TBARS assay.
Coenzyme@, in plasma and cells was assayed by HPLC.

PCOS patients of both groups exhibited higher Testosterone levels than controls and obese patients
had a higher HOMA index, as expected. Despite plasma MDA levels were ndicaigy
different (NPCOS 3380 + 346.94 vs normal women 7120 = 541.66P0OBS 5517.5 + 853.9 vs

OB. 3939.66 + 311.2 pmol/ml), intracellular MDA levels were significantly higher-QOS than
controls (mean 3259 + 821.5 vs 458 + 43.2 pm&ltklls) anchigher than OBPCOS, although not
significantly (1363.1 + 412.8 pmol/i@ells). Intracellular Coenzyme @was similarly higher in
N-PCOS, but also in OB controls. Results about evaluation of;§di@th intracellular and
plasmatic, in each group, areosin in the table below.

Plasmatic CoQg (pmol/ml) Intracellular CoQ 19
(pmol/10%cells)
Normal weight controls 472.85 +40.23 17.03+3.04
Normal weight PCOS 536.25 + 17.13 30.99+3.11
Obese controls 851.55 + 54.32 33.46 + 3.44
Obese PCOS 570.33 163.7 37.32+£8.77

These data show that OS could be present in tissue even if not revealed in plasma, espeeially in N
PCOS. The relationship with metabolic status remains to be established, but it could be a
physiopathological basis for antioxiddrgatment in such patients.
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Insulin resistance (IR) is one of the earliest detectable risk factors for a range of metabolic diseases,
including type 2 diabetes, cardiovascular disease and some cancers. IR is a state where the
peripher& insulin-responsive tissues (adipose, muscle and liver) fail to respond appropriately to
insulin. As IR is associated with changes in diverse cellular pathways, it is challenging to identify
which changes drive IR pathogenesis. To comprehensively cdpisireomplexity and to identify

the key common drivers of IR, we used multiple distimctvitro models of IR and integrated
observed transcriptomic and proteomic clnhanges
vivoin insulin resistant adipose tissue from mice fed a high fat diet (HFD). Using this approach, we
identified the mevalonate biosynthetic pathway (that produces ubiquinone, dolichol and cholesterol)
as a putative O6driverod. Vitered| deferently betweea ymadelg a at e
decrease in mitochondrial ubiquinone content was observed consistently in every model. For
example, in mice fed a HFD, mitochondrial ubiquinone in adipose tissue was decreased
significantly despite an increase in tottidsue ubiquinone. Functional studies revealed that
replenishment of ubiquinone restored insulin sensitivity, whilst inhibition of ubiquinone
biosynthesis induced IR, indicating that loss of ubiquinone was both necessary and sufficient for
adipocyte IR. Mehanistically, loss of ubiquinone increased mitochondrial hydrogen peroxide, as
assessed by an increase in the dittenonomer ratio of peroxiredoxin 3. Our findings highlight

the power of integrating different models to pinpoint drivers of IR, and tigjidate a specific

defect in the synthesis or retention of ubiquinone in mitochondria and resulting increase in
mitochondrial oxidants in the aetiology of adipose tissue IR.
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Dietary restriction (DR) is a robust intervention that extends both health span and life span in many
organisms. In humans DR decreases the incidence of-degendent diseases, including
atherosclerosis and cancdgbiquinone (coenzyme Q, CoQ) plays a central role in energy
metabolism andunctions in several cellular processes including gene expre<sad.can be
acquired through the diet and is also synthesigedovoin the body. Little is known whether DR
influences level and redestate of CoQ. Here we addressed this question in the nem@tode
elegans as bothDR responsive pathways (i. e. AMPK pathway, insulin receptor pathway) and
CoQsynthesizing enzymes are c@nvedirom yeast to man/Ne found that DR dowanegulates the
steadystate expression levels of several evolutionary conserved geneso@¥.that encode key
enzymes of the mevalonate and Csyithesizing pathways. In line with this, DR decreases the
levels of total CoQ and ubiquinol. This Ca€ducing effect of DR is obvious in adult worms but
not in L4 larvae and is also evident in #es-2 mutant, a genetic model of DR.

In conclusion, we propose that DR reduces the level of CoQ and ubiquinolngaegpression in

the model organisn€. elegans Translating our findings into the situation in humans, one could
speculate that dietingesides the overall health benefitgy enhance the risk of an undesirable
CoQyp status including low levels of ubiquikaO.

This study is supported by Kaneka Corporation, Japan
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Elevated mitochondrial superoxide radicab{QOs linked to the aggressive featuresGBM. O,”
dismutates to bD,, translocates to the cytosol and triggers pathways that favor tumor progression.
Increased @ and HO; levels stabilize HIFL , even in normoxia, which
switcho and initiates neov aheatrdctiom of znHammatany, cellsyh i c |
facilitates tumor growth and invasion. Herein, we show how coenzyme Q10 (CoQ),normalizes the
level of @7, HyO,, HIFI-U and sever al ot her key signaling
To that purpose,usingmaleu | ar and cel |l biology approaches
effect of CoQ using human GBM cell linés vitro, andin vivo, xenografted subcutaneously or
ortotopically implantated into the striatum of nu/nu mice. Treatment with CoQ reducean®

H,O; levels in 50%, accompanied by an increase in complagdbciated respiration. These results

are mirrored by a decrease in cell viability and motility, as consequence of the modification of the
full proteome and to a decrease in the aerolyicaljsys rate. These results were reprodunedvo.

In subcutaneous xenografts of GBM, CoQ reduced tumor volume by a direct action on tumor cells
but also by regulating neovascularization and local inflammation. Indeed, similar results were
obtained in aotophic models, where CoQ not only reduced the volume of primary tumors, also,
and dramatically, impeded tumor cells infiltration. As a whole, our results presented herein appoint
towards CoQ as a pleiotropic regulator of GBM progression and pave theforathe
implementation of further therapeutic approaches to manage this, nowadays, devasting pathology.
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P11. NONLINEAR PHARMACOKINETIC OF SOLUBILIZED
UBIDECARINONE AFTER INTRAVENOUS ADMINISTRATION

Gorodetskay#&.A., Kalenikova E.I.., Medvedev O.S.

Lomonosov Moscow State University, Moscow, Russia

Objective

The cardie and neuroprotective effectiveness of ubidecarenone (coenzysghev§® demonstrated

in numerougexperimental and clinical investigations. The need to develop ubidecarenone forms for
parenteral and, primarily, i.v. administration for application in urgent situations (ischemic damage,
myocardial infarct) has now become obvious. Pharmacokinetic stadkean important phase of
preclinical trials of a new drug form. The goal of this pilot study was to estimate the linearity of
ubidecarenone pharmacokinetics after i.v. injection.

Design and Methods

The studies used male Wistar rats. The dynamics ofzgosn Qg tissue levels were studied after

I.v. injection of a solution of solubilized ubidecarenone (Qudesan, Rusfik) at doses of 10 and 30
mg/kg. Samples of rat blood plasma and liver were collected during 48 h after the injection using 4
9 animals foreach time point. ©enzyme @ baseline level was measured by collecting tissue
samples from control animals afterjection of normal saline. @&nzyme @ contents in the
samples were measured by HPLC with electrochemical detection. Areas under concemtration
curves were calculated by a trapezoid method.

Results

Coenzyme @ blood plasma levels were elevated through the whole observation period and
exceeded the control levels by 200 and 850 times (for the 10 and 30 mg/kg doses, respectively) by
48 h. Thedata plotted in semlbgarithmic scale demonstrated the exponential nature of the
concentration decrease in the time interval studied. The areas under the concetnaticurves

for the 10 (2620 mg*h/mL) and 30 mg/kg (22658 mg*h/mL) doses differed.®\ti®es, not 3

times. Furthermore, normalization of the kinetic data to the dose did not superimpose the
concentrationtime curves. These results indicated that coenzymg p@armacokinetics were
nonlinear. Nonlinear coenzyme;dpharmacokinetics aftervi. injection in our investigation may

have resulted from the particulars of its in vivo distribution. The liver is the main organ for
accumulation and excretion of ubidecarenone and also for its secretion into the systemic circulation.
The fastest concemttion increase was observed in the first hours after the injection and slowed
down considerably after the first day. Thus, ubidecarenone after i.v. injection was distributed for at
least 48 h. The drug accumulated gradually in liver with the areas uoegrtratiointime curves
differing by a factor of 4.4.

Conclusion

These data indicates that ubidecarenone pharmacokinetics in plasma and liver were nonlinear after
I.v. injection.

Supported by grant from the Russian Scienffixindation(Project No. 1415-00126)
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The synthesis of coenzyme Q in yeast is produced by the estadfisiof an enzyme complex
wherein the Coq7 protein has a double catalytic and regulatory function. Coq7p modulates the
levels of coenzyme Q using a phosphorylation cycle where the dephosphorylation of three amino by
the mitochondrial phosphatase Ptc7p @ases the levels of coenzymdX]D. The conversion of the

three norphosphorylatable amino acids (Ser or Thr to Ala) leads to a permanently active state of
Coq7p that significantly increases the levels of coenzyme Q up to 28D%lowever, this
modification produces a decrease in the activity of the mitochondrial respiratory chain, a lower
resistance to oxidative stress, the increase of the endogenous production of ROS, a carbonylated
protein accumulation and a significant decreased of chromalolife span (CLS) compared to the

wild strain. The analysis of Coq7p in a phosphorylated state was studied in a null mutant strain of
the Ptc7p phosphatagd]. In this case there was a decrease in the synthesis of coenzyme Q
associated with a significashortening of the CLS that was not reversed after adding exogenous
coenzyme Q. This finding suggests an additional function of Ptc7p beyond the regulating of
coenzyme Q synthesis. An effect on autophagy was discarded but the absence of Ptc7p prevents
mitophagy activation in conditions of nitrogen deprivation. The overexpression of Ptc7p not only
restored normal levels of CLS but also increased mitophagy in a wild type strain. We propose a
model where the couple Coq7p/Ptc7p initially modulates the adaptatiyeast to a respiratory
metabolism by supplying coenzyme Q involving mitochondrial biogenesis. Following the
establishment of the stationary phase Ptc7p would be required to activate mitophagy and remove the
excess of mitochondria produced that isuiegf to establish an extended CLS in yeast.
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Multiple system atrophy (MSA) is a fatal late onset neurodegenerative condition characterized by
cerebellar ataxia and autonomic dysfunction. Pathologically the dispreleents with widespread
alphasynuclein glial cytoplasmic inclusions together with neurodegeneration. MSA can be
subdivided into MSAOPCA (olivopontocerebellar), MSBND (striatonigral) and MSAnixed
according to the affected brain regions.

Through linkag-analysis and wholgenomesequencing, variants @OQ2gene have been linked

to clinically diagnosed Japanese MSA patients in a multicenter Sflity.authors of that study, by
analysing a small patient group ( n = 3) suggested an association betwéeandllecreased

brain CoQo status. At present, we have been unable to replicate the genetic finding of the Japanese
study. However, in view of the brain tissue result, we decided to investigate evidence of cerebral
CoQy deficiency in MSA. We determéd the level of CoQin brain tissue from pathologically
confirmed MSA cases and compared these to age matched controls as well as to patients with other
neurodegenerative disorders.

Flashfrozen brain tissue of 22 pathologically confirmed MSA patient8/f2A-OPCA, 6 MSA

SND, and 6 MSAmixed subtype] was used for this study. Elderly controls (n=37) as well as
Idiopathic Parkinson's disease (IPD; n=7), dementia with Lewy bodies (DLB; n=20), corticobasal
degeneration (CBD; n=15) and cerebellar ataxia (@EK; n=18) patients were used as
comparison groups. In this study we detected a statistically significant decrease in the levels of
CoQyp in the cerebellum of MSA cases (p=0.001), specifically in OPCA (p=0.001) and mixed cases
(p=0.006), when compared to rdmls as well as to other neurodegenerative diseases [DLB
(P<0.001), IPD (p=0.001), CBD (p<0.001), and GRBX (p=0.001)].

Our results suggest that a perturbation in dfipsynthesis may be involved in the pathogenesis

of MSA.

References
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Objective

Our previous investigation have shown that the single intravenous (i.v.) injection of coenzyme Q
(CoQuo) after myocardial infarct results in limitation of necrosis volume and improvement of
cardiac function in rats. At the same time the increased JJu&sma levels were detected up to 21
days after injection. So, the aim of the present study was to examine temtratioiitime CoQgo

profile for multiple days and to calculate the main pharmacokinetic parameters after single i.v.
administration.

Design and Methods

CoQyp (solubilized ubidecarenone solution, Qudesan, Rusfik) was administered i.v. to Wistar rats at
adose of 30ng/kg. Five rats were assigned to each group representmig, A5min, 30min, 1h,

2h, 6h, 8h, 12h, 24h, 48h, 4d, 8d and 16d (only for blood). The blood sampless(20) wer e
drawn from the abdominal aorta of each rat and placed ip@arimzed microfuge tubes. All of the
collected blood samples were immediately centrifuged to obtain plasma, which was frozen at
120°C untl analysis. The tissues, including heart, liver, brain and kidney, were excised
immediately, thoroughly rinsed witlce-cold physiological saline solution to remove blood or
content and then Dbl otted dr 3 untl ttedtmerit.ilddividual p a
plasma and tissue samples were analyzed using HPLC methods.

Results: Pharmacokinetics of ubidecarendneplasma is described by the two compartment model
and by biexponential function curve. The first phase fits the distribution in internal organs and
tissues and lasts 96h followed by the elimination phase that was traced up to 16 days. The following
phamacokinetic parameters were calculated: time of-thdlfs t r i buti on ( (v 1/ 20U
halfe | i mi nati on (v 1 el) = 117 . *seliminatidnicenstant kut i o
el) = 0.006 K1, distribution volume (Vd) = 20.4 I/kg, @ltclearance (Clt) =0.39 ml/h. In 16 days

after i.v. administration the concentration of Ge@as twice as high compared with the baseline
level.

Tissue distribution has shown that increased concentrations of @@ place as early as in 15

min in heart, brain, kidney, liver. Elevated levels of Go@ the myocardium were maintained at

least for 4 days, in the livar 8 days, in the kidneys 2 days, in the braiii 12 hours. Tissue
bioavailability was 0.075 for myocardium, 0.02 for brain, 0.i8Xkidney, 4.36 for liver.

Conclusion

So, i.v. administration of ubidecarenone is followed by the fast increase antktionghaintenance

of the high levels of Coggin plasma, myocardium, liver, kidneys and the brain. These results on
pharmacokinetics and tissue distribution may be useful for the clinical application @f.CoQ
Results of our studies confirm the perspectiveness of the development of parenterdlGo@a,0

to be used in acute ischemic conditions.

Supported by grant from the Russian Scienttiicindation(Project No. 1415-00126)
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Objective

Ubiquinol (reduced form of Coenzymedpis widely used as ansigeing material for supplement
and cosmetics. In this study, wealuated the effect of lorigrm intake of ubiquinol on improving

or maintaining of the subjective QOL (Quality of Life), bone quality, and fatigue degree in
community residents.

Method

This field trial was conducted in Kamijirtawn which is consistedf 25 small islands, Ehime

Japan. Total of 124 residents (36 male and 88 female ag88 9P participated in this study.
Participants consumed 1:0@0mg ubiquinol per day for 6 months (n=22) or 12 months (n=102).

We measured serum ubiquinol, bone qualhtyarkers (homosysteine and pentosidine) levels,
subjective QOL score (SB6) and fatigue degree (autonomic nerve function test) at before and after

of intervention. We analyzed mean differences of those measurements and correlations between the
change of uiguinol level and the changes of index.

Result

Serum ubiquinol level was increased significantly. In female, the scores of Role Physical (+3.1,
P=0.04), Vitality (+3.0, P<0.01), Social Functioning (+3.2, P<0.01), Mental Health (+2.3, P=0.02),
and Mental ©@mponent Score (+1.7, P=0.03) were also increased significantly. Meanwhile, in male,
the significant score changes were not observed. Bone quality and fatigue degree did not show
significant changes in both sexes. The correlations between the changgquaiialdevel in serum

and the changes of QOL score were not reached statistically significant.

Conclusion

This trial indicated the probabé#fects of ubiqu n ol on t he f emal eds ment a
continue to follow the participants, and analyze differences of effects by intake period.
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P16. EVALUATION OF PLASMA COENZYME Q 1,IN ADULTS PATIENTS
WITH GROWTH HORMONE DEFICIENCY

A. Mancini*, C.Di Segnf, S.Raimondd, P.Orlandd, S.Silvestr?, L. Tiand and G.PLittarru®

'Dept. Of. Medical Sciences, Division of Endocrinology Catholic University of the Sacred Heart, Rome, Italy
ZInstitute of Biochemistry, Polytechnic University of the Marche, Ancona, Italy

It is known that growth hormone deficiency (GHD) is associated with oxidatiess, both in
children and adults, but discordant data concern GH effects on antioxidant levels. Results in
experimental animal models are also contradictory: @dfRmice have decreased antioxidant
defence (but with differential pattern in relation &xsand tissues); in df/df (mutant mice with

congenital PRL and GH deficiency) a discrepancy has been demonstrated between enzymatic
antioxidants (which appear to be increased) and scavengers, which are on the contrary decreased. In

humans, GH treatment sas to increase antioxidant capacity, but other studies show reduced lipid
peroxidation in GHD adults, which is reverted by GH treatment.

Moreover oxidative stressould play an important role in metabolic syndrome (Vated
manifestations (atherosclerosis, hypertension, type 2 diabetes, contributing to insulin resistance.
GHD patients exhibit some clinical features of MS, such as truncular obesity and iasigtarrce.
Oxidative stress could be involved in cardiovascular risk in these patients.

We have therefore evaluated the levels of total, reduced and oxidized Coengyme Qroup of

52 patients, with GHD (aged 7% ys) compared with a group of 36 patients with MS diagnosed by
ATPIII criteria. GHD was documented by GH peak after GHRH+arginine lower than 9 ng/ml; the
deficiency was due to empty sella or previous trarespidal surgery; it was not associated with
other hormone deficiencies (gonadotropin or thyroid) known to influenceded!Is.

Hormone levels were assayed by chemiluminescence;{Co@s assayed by electrochemical
method.

Results are reported in thebte below (mean £ SEM).

CoQio (ug/mL) Qox/ Qror (%) HOMA Index
Patients with GHD (n=52) 0.57 +0.03 9.55 + 0.65 2.20£0.3
Patients with MS (n=36) 0.75 + 0.03 4.70 +0.70 3.72+0.62

These data confirm a lower Cgfplasma concentration with higher percentage of oxidized form.
Our data, in the context of metabolic alterations and cardiovascular risk of patients of both groups,

seem to suggest the possible usefulness of£@rapy together with replacement therap
obtain better metabolic control.
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Intrahepatic cholestasis of pregnancy (ICP) hisgh risk liver disease given the eventual deleterious
consequences that may occur in the fetous. ICP is characterized by the accumulation of bile acids,
particularly hydrophobic bile acids such as litocholic acid (LCA), which induces oxidative stress
andapoptosis. We previously reported that women with IPC show in plasma decreased coenzyme
Q10 (CoQi0) and enhanced bile acids. These findings were also observed in ethynil estradiol (EE)
induced cholestasis in rats. Furthermore, cholestatic rats also skhewedsed CofQ content in

diverse organs including the liver. Here, we evaluated the effect of(Go@plementation in EE
induced cholestasis in rats. Cholestasis was induced in Spbaguey rats by a daily
intraperitoneal injection of 5 mg/kg EE fordays (EE). A group of these rats also received daily
oral 250 mg/kg Cog supplementation for 5 days (EE+C@JQ Another group of rats received only
CoQyp supplementation for the same period of time (@p@Berum, bile acids (total and LCA),
coenzyme @(CoQ) and CoQy were assessed. Bile flow was also measured. No differences were
observed between Cgg§and control groups except for an increase in plasma;C@30.001).
However, Co@, supplementation in cholestatic rats (EE+GgQncreased both Co@and CoQ

plasma levels (p<0.05), and enhanced bile flow (p<0.05) as compared with EE. Furthermore it also
decreased plasma bile acids, particularly LCA levels. These findings show thafy CoQ
administration improved cholestasis and further suggest that,CGafplementation may be a
potential therapeutic strategy in estrogetduced cholestasis in humans as ICP.
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Long-term restriction of calories with current adequatenutrition, is the result ofmetabolic
adaptation of the bodyhat reduces theisk of developingtype 2 diabeteshypertension
cardiovasculadiseasesndcancef’. Nutrition expertshave different opinions on the starvation in

the healthy and sick organism. On the dvand,is expected tamprove the health opatients
cleansing the bodffom unwantednetaboliteson the other handstarvation represengsburden on

the body Complee starvation may impaire antioxidant defense status and kidney function in human
subjects.

The aim of this study was to compare effect of shemmtd longtime complete starvation and diet
regeneration on the antioxidants, oxidative stress, lipids fraetmhkidney function in human
subjects.

Methods

1. Shortterm complete starvation and regeneratiofen human subjects lived in spa, were
included in complete starvation (with drinking only water) and diet regeneration during 12; days
five men, mean agd6,4 years (range &8 years); five women, mean age: 53,6 years (rangi8344
years). All drugs (decreasing blood pressure, lipid fraction, improving coxarthrosis and
hypothyreosis) were omitted. Subjects walkéd®km daily, swimmed, received massagdwee

times (before, after starvation and regeneration) in plasma were monitored: antioxidants (coenzyme
QuototaL, Ot 0 ¢ 0 p htea md p hadiotenk), perbxidation of lipids (TBARS), lipids fractions

and kidney functions (creatinine, uric acid, urea and glomerular filtrat@fR). For statistical
analysis multiple ongvay analysis of variance (ANOVA) with Bonfamiho correction was used.

2. Long-term complete starvation and regeneratio€ase report: Men aged 61 years after
nephrectomy from oncology reason in year 2009, was on complete starvation and diet regeneration
several times, during 26 50 days in year 20091 2013. In 2014 the men was on complete
starvation during 43 days (with drinking only water) and regeneration diet during 43 days.
Antioxidants, oxidative stress, lipid fractions and kidney functions were measured before
starvation, every week arfishished after 43 days of diet regeneration.

Results

1. Shortterm of complete starvation and regeneration die8tarvation decreased lipid
peroxidation (P<0.015) a #todopheral framu3,74+0,27dumat/loton ¢ e n
6, 30N1, 0 4tocéphenol ahd coenzyrikora remained reduced after regeneration (from
baseline values 0,655+0,059 to 0,420+0,037umol/l 5e&a). Complete starvation increased
Chottotal and LDL-Chol, which returned to the reference values after diet regemerhiizl -Chol

and TAG were in reference values. Complete starvation increased serum creatinine from baseline
values 45,5+2,87 to 73,8+3,63 umol/l (p<0.0002), after regeneration returned to baseline values.
Uric acid was increased from baseline values 292820 pmol/l to 821,88+39,70 umol/l after
starvation (p<0.0001) and returned to baseline values after regeneration. Concentrations of urea
were not influenced. After starvation GFR was decreased and returned lioebasties after
regeneration.
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2. Long-term of complete starvation and regeneration ditarvation and diet regeneration
decreased TBARS. Ca@roraL, decreased from baseline plasma level 0,623 pmol/l to 0,317
Omol /| and returned to the baseli-necuouphaersel at
carotene were occasi onal | ytocapeemlrcenaestmtbn frold 8,alr v at
to 11,24 pmol/l during the first 15 days and decreased during next weeks of starvation and
regeneration. Starvation stimulated LIBholesterb concentration during first seven days (from
4,48 mmol/l to 6,11 mmol/l), after next days decreased to baseline values. Complete starvation
worsened parameters of kidney function: creatinine concentration, which returned after diet to
reference values dnsignificantly increased uric acid concentration from 368+13,59 umol/l to
943,3+23,63 and 823,3+35,95 umol/l, which returned to the reference values after regeneration.
Concentrations of urea were not influenced.

Conclusions

Shori (11 days) and longme (43 days) complete starvation and regeneration diet modified
antioxidants and oxidative stress in organism. Decreased @o@Qcentrations contribute to the
decreasing of energy production and antioxidant protective system in organism against oxidative
st ress. We s u p p etacepherolt chnaentratiom in plasraasceutt beothe result of cyt
P4so inhibition by ketone bodies in the liver during the first 15 days of starvation and reversion can
be explained by adaptation of organism. Ketone bodoespete with uric acid for @ommon
tubular secretion site and starvation impaired the ability of the kidney of excrete uric acid. It is
essential in the prophylaxis of renal complication during starvation to ensurestiféitient fluid

intake is maintaied and the urinary output is controlled. Further studies with higher number of
patients are recommended.

Acknowledgements: Ministry of Education of Slovak Republic, Grant VEGA 1/0614/12 and 1/0058/15.

References
1. Rizza W, Veronese N, Fontana \What are the roles of calorie restriction and diet quality in promoting healthy
longevity? Ageing Res Rewiews 2014; 13:-8% . 2. Ni kol aj ev JS, Nilov EI, Ler

Sovetskaja Rossija, Moskva, 1988.

76
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RECOMBINANT COQ4
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Defects in genes involved in coenzyme Q (CoQ) biosynthesis cause primary CoQ deficiency, a
clinically heterogeneous disorder with clinical manifestation ranging from fatdnatal
multisisytem disorders to aduiinset isolated encephalopathy or nephropathy.

COQ4 codes for an ubiquitously expressed 265 amino acid protein that is peripherally associated
with the mitochondrial inner membrane on the matrix side (ref 1,3);réwsp function of human
COQ4 is not known, but the yeast ortholog Cog4p seems to play a structural role crucial in the
stabilization of a multiheteromeric complex including several, if not all, of the CoQ biosynthetic
enzymes (ref 1). It has also beenpmsed that yeast Coq4p could be a zinc protease, based on the
presence of the zinc binding motif HDxxH (ref 2). In this view the protein of interest could also
play a role in the maturation of other COQ polypeptides.

At the beginning the protein (devoid dtie N-terminal mitochondrial targeting sequence) was
expressed in E.Coli attached to a 6-Hag and a consensus for enterokinase (DDDK). We purified
the protein using a Ni affinity cromatografy on an AKHRLC and a gel filtration
chromatography, in ordeo increase the purity. The yield and the purity of recombinant human
COQ4 were satisfactory. Biochemical characterization of the protein was carried out using different
approaches like: circular dichroism (CD), analysis of zinc content, blue nativargkeklectron
microscopy.

We found by CD that COQ4 binds zinc, increasing the stability of the recombinant protein, but the
addition of precursors of the quinone ring, or of soluble CoQ analogues had no effect. We observed
both by BNPAGE and by gel filtraon that our protein forms a high molecular weight complex, a
multimeric complex comprised of& monomers.

Altogether these data provide new insights on the role of COQ4 in CoQ biogenesis. Further work
will be aimed at obtaining crystals in order to sothie threedimensional structure of the protein.
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Ubiquinol is the reduced form of coenzyme,QCoQ.o), which is a lipid electron carrier that drives
electrons from complex |, and complex Il to complex Il in the mitochondria respiratory chain, which is
required for the synthesis of most of the ATP in cells. Deficiency of £ 0&uses severe neurastular
diseases particularly severe myopathies that courses with muscle damage that can reach rhabdamyolysis
Professional football players have extreme physical activities during the season through the daily trainings
but also by the regular games, which are really competitive and mainly when these players participate in
different national and international tpees as it happens #thletic Club Bilbao, Spanish First League
Team.

In order to study if a higher concentration of ubiquinol in blood would help the performance of players,
we design a protocol to supply a blind selection of players with 300 mg ubliglayngKaneka Ubiquinol)
and different extractions to study the evolution of blood content: 1)speson starting, final of the training
pre-seasonal period, miskeason and finaeason. Levels of ubiquinol in plasma after thegg@son was
decreased lative to the basal content after vacations indicating that endurance exercise induced a decrease
in blood as it was previously demonstrated in healthy young pd@pleThe middle and final season
extractions demonstrated that some of players were taken ubiqeitelse these ones showed a significant
increase independent of the exercise endurance preventing the decrease previously observed. The analysis o
plasma demonstrated that cholesterol and triglycerides were unaffected during all the study and we observed
a light increase of lipoperoxides as it was previously observed iprudessional young players shoetm
study[3], bu changes do not correlate with ubiquinol levels of players activities. We also analyzed creatine
kinase (CK) as a marker of skeletal muscle damage and found that there was a negative correlation between
the | evels of both ub plapmd oftbd thiréh extdactiGhKndicating that wiqunbla y e
would protect skeletal muscle cells from the extreme exercise caused by both daily training and weekly
game.
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Ubiquinone and ubiquinol are lipid soluble antioxidants that are synthesized endogenously in
almost all species and function as an obligatory cofactor of the respiratory Thaireduced form

of Coenzyme @ (CoQ), ubiquinol, serves as a potent antdaat in mitochondria and lipid
membranesTo identify population subgroups with critical ubiquinol status we established a large
cohort containing more than 1900 persons. First, we examined the activity @frtine gamma
glutamyltransferase (GGT), a poteth early and sensitive marker of inflammation and oxidative
stress. We found a strong positive association between,Gtdpus and serum GGT activity in our
cohort. However, a gendspecific examination revealed differences between male and female
volunteers regarding the association between {ga@tus and serum GGT activity. Interestingly,
ubiquinol supplementation caused a significant decrease in serum GGT activity. Thausyide
evidence that higher ubiquinol levels improve oxidative stressediaction of serum GGT activity

in humans.

We also nvestigated the relationship between serum levels of&@ NTproBNP, a biomarker

for chronic heart failure, in healthy volunteers of an elderly study population (mean age 52 years,
n=871), a subpopation from our cohort. We found a negative association between serum levels of
ubiquinol and NFproBNP (p<0.001). Accordingly, the Ce§redox state (% oxidized form of
CoQ) is positively associated with serum ffoBNP level (p<0.001). Compared to eatis who
survived a myocardial infarction, healthy subjects have loweipBNP level (500.39+631.28
pag/ml vs. 76.90+120.27 pg/ml, p<0.001), higher ubiquinol serum level (0.43£0.19 pmol/l vs.
0.71+0.32 umol/l; p<0.001) and a lower Ce@edox state (27.683.8% vs. 17.6+10.1%; p<0.001).

In summary, higher serum levels of ubiquinol are associated with lower serymoBNP levels

in healthy elderly subjects. However, to what extent a high serum level of ubiquinol is a protective
factor for heart failure renmas to be elucidated in prospective studies.

This study is supported by Kaneka Corporation, Japan

79
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Background

Coenzyme @ (CoQy) is a natural antioxidant with an importaote in cellular bioenergetics. It is
known that Co@, levels in skin decline with age and therefore G0® being used as a functional
ingredient of both cosmetics and foods in order to reduce signs of ageing. As shown by several in
vitro experiments, QQap is able to protect skin from reactive oxidative species (ROS), reduce DNA
damage triggered by UVA irradiation, inhibit MMP enzymes that degrade extracellular matrix
components, accelerate the production of epidermal basement membrane compondatseasd
levels of superoxide generation by ArNOX proteifisWhile the beneficial effect of topical
application of Co@, on ageing skin has been shown in some controlled studies, the existing data
about the effect of dietary intake of C@n skin parareters and condition is scarce. To gain an
insight into this issue, we conducted a placebntrolled experiment with 33 healthy volunteers.

Methods

A randomised, placeboontrolled, doublélind study was conducted in 33 healthy female
volunteers aged 5@+4.2 (SD) years, with skin phototypes Il and Il (Fitzpatrick classification).
Subjects were randomly assigned to a placebo group, @ldee (LD) group receiving 50 mg
CoQ¢/day and a higldose group (HD) receiving 150 mg Cef@ay (11 subjects per grpu The
placebo or Cog) were administered in the form of a syrup; all subjects consumed 5 mL of syrup
daily for 12 weeks. A watesoluble form of Co@ with improved bioavailability (Q10vital®,
Valens Int. d.0.0., Slovenia) was usSedVrinkle, evenness and microrelief analysis, expert
evaluations and se#valuations of face skin conditions were conducted before supplementation
(the baseline), after 6 and after 12 weeks of supplementation. In addition, the photoprotective
potential ofCoQ,o was evaluated with a determination of thénimal erythema dose (MED) before (the
baseline) and after 12 weeks of the supplementation. The study was approved by a local ethics
committee and all volunteers gave their informed consent.

Results

Thirty-two subjects completed the study (11 in the LD group, 11 in the placebo group, 10 in the HD
group). Preliminary results of the expert evaluations and measurements show there was a significant
improvement in skin evenness in both groups receiving;co@rpared to the placebo group, as it

was observed for 70% of subjects in the HD group and 82% of subjects in the LD group in contrast
to 0% of subjects in the placebo group. In the HD and SD groups, the microrelief also became
notably smoother (in 60% and 638bvolunteers, respectively) in comparison to the control group
(9%). Periorbital wrinkles became less expressed in the HD group (60% of volunteers), while in the
LD and placebo groups no significant changes in periorbital wrinkles were observed. Fach sub
completed a seldssessment questionnaire evaluating efficacy attributes uskpgiatscontinuous

scale at the baseline and after 12 weeks of ge@plementation. The results are in accocdan

with the expert assessments.
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After 12 weeks, subjestin the HD and LD groups noticed a significant improvement in skin
evenness and firmness as the change from the baseline was 1.10+0.23 (MeantSEM) for the LD
group and 0.50+0.16 for the HD group for evenness, and 1.10£0.28 and 0.45+0.28 for firmness,
while no significant changes in either attribute were noticed in the placebo group (0.1+0.18;
0.09£0.16). There were no significant changes in determined MED values between the control and
LD/HD groups.

Conclusions

The study shows that lortgrm oral Co@y suplementation improves some skin conditions,
particularly evenness, firmness and subsequently the skin microrelief. Effects areldskas a
higher dose (150 mg Cagday) proved more effective than a lower (50 mg/day) dose. In the HD
group, periorbithwrinkles were also significantly reduced, while those effects were not observed
for the lowerdose and placebo groups. However, it can be speculated that a similar effect on
wrinkles is likely to show over a longer supplementation period. On the othénere unable to
demonstrate the photoprotection potential of GEQpplementation.
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Coenzyme @ (CoQo) is an industrially important molecule having nutraceutical, pharmaceutical
and cosmeceutical applications. Ge@ mainly produed by microbial fermentation; hence the
process demands the use of microbial strains with high productivity and yields af @Q
Sporidiobolus johnsoniATCC 20490, a heterobasidiomycetes yeaghin was selected for
generatingmutant phenotypewith high CoQ,o content, as a part of doctoral studiegisTstrain
becomes a promising source of natural gaderived from eukaryote kingdom, having high degree
of conservation with mammalian system and its biosynthetic pathways [1].

With the first reprt, an atorvastatin resistant mutant stldifil6 (phenotype) was generated from

S. johnsonilATCC 20490 by sequential induced mutagenesis, rational selection and screening
process, resulting in 2f®ld improvement in Cog content [2, 3].The glycerol ad tryptone based
medium was designed for optimum expression of Gd@.35 mgl™?, 0.834 mgg™) by UF16.

UF16 showed improved flux of isoprene precursors on the mevalonate pathway leading to
overproduction ofCoQy (2.3-fold), ergosterol (2.60ld), andtotal carotenoids (1-#bld), whereas
downregulation of fatty acid biosynthetic pathway was observed. The & reductase gene
(HMG1), which is a gene coding for the rate limiting enzyme in isoprenoid pathway, was partially
sequenced and reported tive first time inSporidiobolusstrain. No mutations were detected on
this gene but it was found to be-tggulated in UF16 during submerged fermentation, as seen from
the gene expression studies using-dPICR. Overall, acquired atorvastatin resistanddrl6 due

to induced mutagenesis facilitated the overexpression of MG reductase gene, resulting in
improved flux of isoprene units to key downstream metabolites @@, leading to
overproduction [Unpublished].

The fermentation and downstream purification process was optimized for producwQgefby

UF16. Under optimized fermentation condition in laboratory fermentor (10L), UF16 produced
20.90 mgl™ of CoQy having specific Co@ content of 0.86 mgay* of DCW. Further process
improvement by precursors feeding isgmng. TheCoQ,o was extracted and isolated from UF16
using chromatographic separations wi#6% purity and characterized by UV, Mass aHINMR
spectroscopy. Ergosterol and carotenoid pigmentse weolated as a byroducts of this
fermentation process [Unpublished].

Investigating mutations and gene expressions from whole;{Juathway genes of novel strain
UF16 is ongoing, as a posioctoral research work, in order to design the inverse meétabol
engineering strategy for further improvement of Go@nd other terpenoids production $
johnsonii. The outcome of this academic research may lead to an industrial process for commercial
production of Co@, derived from eukaryote kingdom.
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Primary Coenzyme Q (CoQy) deficiency is a rareautosomalmetabolic syndromewhich
originates from mutations in genes responsible for GioQynthesis. It is clinically and genetically
heterogeneous and begins during childhood leading to a disorder associated to encephalopathies,
seizures myopathies and ataxias, all clinical i@es affecting tissues with higinergy demand

such as brain and skeletal muschMutations in COQ4 causes a very variable pathological
phenotype associated to Cp@eficiency (BreaCalvoet al 2015).We recently diagnosed aygar

old patient with Co@ deficiency carrying a novel heterozygous c¢.483 G>C (E161D) mutation in
COQ4 gene Metabolically pati ent 0s f i @ar76% lara s87% redsidtion wre the
concentration ofCoQo and the rate of CofQ biosynthesis, respectively, and a mitochondrial
respiratory chain (MRC) defeaif 25% and 54% in complexes IIt-and Il+1ll, respectively
Clinically, the patient presented weakness, mild psychomotor retardeltiomsiness, drooling and
myoglobinuriadueto a massively elevated levels of creatine kinase in serum with eventual lethal
rhabdomyolysis.Our understanding of the functional consequences of£d€ficiency in the
affected tissues is very limited. The generation of paspetific induced pluriptent stem cells
(iPSC) is a unique system to model human disease. Here, we generated iPSCs from the diagnostic
COQ4 mutated primaryibroblasts. Multiple iPSC clones harboring the ¢.483 G>C mutation were
generated using OKSMxpressing Sendai virus (SeMPSC efficiency was 0,17% and 0,8%,
respectively, forCQ4mutated and agewohatched control fibroblasts. Several clones were fully
characterized and after >20 passages resulted to be tramsdependentbona fideiPSC as
demonstrated by teratoma formatjexpression of pluripotency surface markers and transcription
factors, demethylation opluripotency genesand normal karyotype. Interestingly, metabolic
analyses revealed th@DQ4iPSCs retained CoRdeficiency but reestablished the MRC function
likely reflecting the glycolytic nature of iIPSOo elucidate the pathogenesis and developmental
impact of primary Cog) deficiency, iPSCs were differentiated into diseafected tissues. iPSCs

were redifferentiated into motor neurons (Amorosbal 2013) and dopaminergic neurons (Kriks

et al 2011). By confocal analyses and4RTR no differences were observed betw€&0Q4 and
Ctrl-iPSC in their specification into neural progenitors (NESHIRX2+), total neurons (TUJ,

motor neurons (TUJHB9+ or ISL1+), and dopaminergic neurons (TUJH+). Although
dopamine release and electrophysiology experiments are underway, this iPSC model does not seem
to reproduce the mild neurologic phenotype observed in the patient. This is supported by the
diagnosist yearslater of a sister with the same neurological symptoms but la€ki@4mutation

which indicateghat theCOQ4 mutation is not uniquely responsible of this disease phendiype.

are currently differentiating the iPSCs into skeletal muscle (SKM) which is the most affected tissue
in this patient who suffered a lethddabdomyolysis Transgenic iPSCs expressing the inducible
PAX7, an early pat®KM factor, have been generated 8KM differentiation. The generation of
PAX7+ SKM precursorsand their proliferation and differentiation potentisIHC+MYOGENIN+)

will be assessed as per Daratti al 2012. iPS@lerived SKM will also be metabolically
characterized (CoQ10 levels and mitootrial complexes I+111 and 1I+III).
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Release ofcreatire kinase will also be measured from C€tdnd COQ4iPSCs as an indirect
measure of SKM damage/rhabdomyolysis. Finally, we will attempt to repaic.488 G>C
mutation using the CRISPR/Cas9 systemuie out the potential effect of int@rdividual variation
by using syngenic iPSCs.
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Numerous structural and functional abnormalities in the cerebral microvasculature have been
described in animal models of Alzheimer disease (AD), some of them associated to a disturbance of
the oxidative balance to paxidant conditions. Soluble circulatig amy-pepti de ( A
damages endotheli al cells in asymptomatic Al
thickness of the epithelial basal membrane and a greater colMggeposition occurs around
microvasculature, probably affecting solubkchanges. The goal of our work is to analyze the role

of ubiquinol in the homeostasis of the cerebrovascular systenvitro, the oxidized form,

ubi qui none,-induced damage ir dumak umbilical vein endothelial cells (HUVECS).

The deleteriousfef ect of Ab t o H UJ'\eeass froth enfioehordiréadollowed byC a
necrosis and apoptosis. Pretreatment with CoQ prevented these deleterious effect due to the
i nhi bition of Ab entry and accumul atADomce i nt o
mimic critical hallmarks of the human disease with a temparad regional specific profil&vhen

mice were orally supplemented with ubiquinol from 3 meuwithto sacrifice at 12 montkad, the
concentration of coenzyme Q10 in plasma increased ich® . 3 pmol es/ e @3 pr ot
pmol es/ g protein. Ubi qui nol was stabilized v
monthsold mice present high level of oxidative stress in plasma compared tmagked neo
transgenic (NTg) mice. No diffenees were found between genders. Ubiquinol treated-20rg

mice showed levels of carbonyl groups and lipid peroxidation in plasma, similar to NTg animals.
No change was detected in the level of oxLDL. In addition, oxidative stress in leucocytes, an
accurae peripheral indicator of oxidative stress in brain, increased in-3XIgnice compared to

NTg animals. In ubiquinelreated animals, oxidative stress decreased to values close to NTg
animals. Conversely, Kaneka QH P30 powder also reduced these pardutriesser extent

than ubiquinol. Noteworthy, 3xF4 D f emal es di s pl ay epthques iingtlee r I
hi ppocampal area than mal es. Areas with high
colocalize with A btreapet demales s t hé n bubdegmi mdl ADb
significantly and almost nehypoxic regions were detected. Moreover, a greater colBgen
deposition occurred around vessels in both, 3kl mal es and f emal es, I n
burden. No differences were found amgogenders for this parameter, but in ubiquimeated

animals collagettV deposition in basal membrane was similar to NTg animals. All these
parameters were also reduced in 3AMQ mice treated with Kaneka QH P30 powder but at a lesser
extent. Overall, He present results in 3x7AD mice reveal disruption of the homeostasis of
hippocampal microvasculature and the preventive benefits of ubiquinol.
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Coenzyme Q10 (Cof or Q9 (CoQ) levels decrease with age in mamymanand rodent tissués
Ubiquinok10, which is the reduced form of Ce§)has a greater reducing power compared with its
oxidized form, and its the predominarform present in the bodyhus, ubiquinoll0 is expectetb

have more beneficial effects against oxidative stress antetged diseases than its oxidized form.

In fact, we previously showed that supplementatisith ubiquinot10 significantly delayed
senescence in Senesceaceelerated mouse proigSAMP1) mice, andibiquinot10 functioned

more effectiveljcompared with its oxidized fori. In our recent study, we found thaiiquinot10

can also delay progression of agéated hearing loss in SAMP1 mice, and thiaiguinot10 may
enhance mitochondrial activity in the liver and the inner ear by increasing levels of sirtuins and their
downstream molecules such as RGO , S| RT3, IDB2DHere, veenedaluated the
hypothesized mechanismsuddiquinot10 using the human hepatoma HepG2 cell line.

Cells were treated with solubilizediquinot10 (Kaneka Corp., Osaka, Japan) at OB uM and
incubated for 48 hUbiquinol10 decreased pduction of reactive oxygen species (ROS) and
reduced the celbenescence marker SA Gldblquinol10 also increased mitochondrial metabolic
activity via activations of SIRT1 and its downstream molecule peroxisome prolifactoated
receptor coactivar 1 JPGG1 U WUbiquinot10 increased the level of the upstream molecule
AMP-activated kinase (AMPK)These results suggest thagiquinol10 may increase the levels of
AMPK and its downstream sirtuins, and then activate further downstream moleculsg The
molecules enhance mitochondrial activity and protect against the progression of aging and
symptoms of ageelated diseasés

Note: Additional new data will be reported in another poster presented by our colleadue(Frst presenter)
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P27. PLASMA MEMBRANE NADH-CoQ REDUCTASE CONNECTS
AEROBIC METABOLISM WITH AGEING
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NADH-CoQ reductas€ NADH-cytochromebs oxidoreductas®, CYB5R3) is a key componenbf
the transplasmamembraneredox system(PMRS), which protectsagainstexogenousoxidants.
PMRSis alsoactivatedn mitochondrialDNA-depletedrho) cells probablyby theinability of these
cellsto oxidize accumulatedNADH in mitochondriaPMRSCYB5R3 consumedNADH to reduce
CoQproducingNAD*, andintracellularNAD*/NADH ratio canbe boosted CYB5R3 deficiencyin
human causesrecessivehereditary methemoglobinemiaan incurable diseasecharacterizedby
seveal neurologicaldisorders.We exploredthe role of CYB5R3 on mitochondriaand ageingby
analyzing the phenotype exhibited by both CYB5R3mutant cells from methemoglobinemia
patientsand CYB5R3silencedcells. We found that NAD*/NADH ratio, ATP levels and oxygen
consumptiorrateweredramaticallydecreasednda senescencphenotypds inducedin CYB5R3
deficient cells, suggestinga control on mitochondrialhomeostasisnd a role on ageing.We also
found that serumwithdrawal, AKT inhibition, hydrogenperoxde or diquat treatmentinduced
CYB5R3 gene and protein expressionin concomitantwith FOXO3a and Nrf2 activation,
respectively. ChlP analysis revealedthe cooperationbetweenNrf2 and FOXO3a to regulate
CYB5R3genetranscriptionWe 06 gstablishedhat CYB5R3 geneis regulatedoy the coordination
of both Keapl/Nrf2/AREand AKT/FOXO3 pathwaysgiving a whole protectingresponsedo both
nutrient and oxidativedependentconditions. This way, CYB5R3 provides a key regulatory
functionin the maintenancef celular healthand contributesa new approachto understandinghe
pathophysiologyf recessivehereditarymethaemoglobinaemiand other disordersassociateavith
energydepletionandoxidativestress.
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Mitochondrial biogenesis in mammals is a crucial step of metabolic switch, which proceeds rapidly
after birth. Prenatally, the partial oxygen pressure in tissues is lower and metabolism is mainly
glycolytic. In hours after birth, metabolism becomes more oxidative with full activation of oxidative
phosphorylation (OXPHOS). A proper adaptation to cover ATP demands and antioxidant protection
in extremely quickly changing conditions during parturit@me necessary for newborn survival.

The aim of the study was to analyse (1) coenzyrsdCG®(Q) concentration, (2) expression of
coenzyme Q2 -hydroxybenzoate polyprenyltransferase (Cog2) and (3) aarF domain containing
kinase 3 (Adck3), an atypical kinassith predicted regulatory rafemiting role in CoQ
biosynthesis, in a rodent model (Norway rat) using late prenatal and early postnatal liver and
skeletal muscle tissues.

The sets of 53 rat liver and 33 skeletal muscle samples were collected betwetgial thd 4th
postnatal day. The mRNA was quantified by microarray analysis (GeneChip® RNA Rat Gene 1.0
ST, Affymetrix) and gPCR (TagMan®; Applied Biosystems). The data analysis was accomplished
by STEM 1.3.8, TIGR MeV 4.9 (betr), STATISTICA 12 and GenE»(Q content was analysed

by HPLC, OXPHOS activities spectrophotometrically.

We identified major biochemical pathways changing during rat development. Out of 1546
mitochondrial genes, 1119 genes (72 %) were significantly changed in liver and 827 ge¥gs (53

in skeletal muscle. The major expression shift occurred more than two days before birth. Among
analysed genes, some genes involved in CoQ biosynthesis were significantly changed in both
tissues (Adck3, Coq9), other showed tissue specificity (significammease of Cog3 and Cog5
expression in liver, whereas Cog4 and Coq6 increase in skeletal muscle). Significant acceleration
(p<0.05) in Adck3 expression was validated by gPCR in both tissues (Cog2 remained unchanged).
In agreement with the expression d&aQ concentration and coupled OXPHOS activities (I + I,

Il + 1) were increased after birth in rat liver.

In rat perinatal liver, we showed that expression of mitochondrial andb@snthetic genes is
significantly changing. Increasing CeQoncentration and OXPHOS activation are probably
illustrating acceleration of mitochondrial metabolism and necessary protection from oxidative
stress. This might be helpful in the adaptation mechanism needed for transition totexxte
conditions aftebirth.

Supported by. GACR 1436804G, Centre of mitochondrial biology and pathology (MITOCENTRE), UNCE
204011/2015, SV\WUK 260148/2015, RVEVFN64165, First Faculty of Medicine, Charles University in Prague
GAUK667612.
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Background

As a vitamin like nutrient, reduced form of coenzyme, QJbiquinol) is a key element in
mitochondrial energy production and antioxidant protection. Because Ubiquinol is biosynthesized
in the body, daily intake of Ubiguol is not considered in nutritional guidance or menu planning in
Japan. We found that hospitalized older people have lower blood levels of Ubiquinol, but not lower
levels of oxidized form of Co{3 (Ubiquinone). It might be caused by a decreased intake of
Ubiquinol from food/enteral nutrition compared to healthy older people, suggesting the possibility
that adequate intake of Ubiquinol maintains wellness in older people. In this study, we designed a
food intake guide for ingestion of increased amountst@unol and we evaluated the usability in

a diet intervention trial.

Materials and Methods

The participants were 24 women, agedZMyears who studied nutrition/dietetics. The amounts of
food consumption were measured by weight, and nutrient intakes catulated using computer
software (Eiyo Navi). The intake of Ubiquinol was calculated manually using the published data of
Ubiquinol contents of 70 food items. Thrday averages of Ubiquinoitake before and after the
food intervention were compared.

Results

The average calorie intakes before and after the intervention were 1595 + 251 and 1576 + 258
kcal/day, and the values were 98.0% and 96.8% of the mean value of women in their 20s in the
National Health and Nutrition Survey 2014 in Japan, respygtiVrotein, fat, and carbohydrate
(PFC) bal ance of the participantsd diets wer
2015. Ubiquinol intake before and after intervention was 3.4 = 1.3 and 3.8 = 1.3 mg/day,
respectively. Fifteen out of 24 pmipants succeeded in increasing Ubiquinol intake after the
intervention, although the increase was not statistically different.

Discussion

Food intervention using our food intake guide may be effective in increasing Ubiquinol intake from
food while maimaining PFC balance. However, the guide worked differently for different
participants. For example, intake of food items according to food intervention was sometimes a
burden to the participants. Development of improved intervention methods using a Ubiquin
fortified food may be necessary for consuming adequate amounts of Ubiquinol each day more
easily, especially for older people.
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Background

The reduced form of CoenzymedJUbiquinol) hasattracted much attention as a supplement
for antiraging and improvement of metabolism. It is considered a vitéikemutrient, and can be
synthesized by the body. However, up to 40% of a®the body is thought to be derived from
the diet. Thereforejntake of Ubiquinol from foods and/or dietary supplements is important,
especially in older persons whose ability to synthesize Ubiquinol seems to decline. There is no
report comparing the trophic state of GeQetween hospitalized and non hospitaliz&teopeople.
In the present study, we determined the blood levels of;E£ofongterm hospitalized and non
hospitalized older people with their nutritional status.

Materials and methods

The sample of participants comprisesl aged people (4 men and 1bmen, mean age 76.5 +
6.2 years) who were hospitalized letggm. Thirty healthy non hospitalized older people (9 men
and 21 women, mean age 77.6 * 6.5 years) were also analyzed as controls. Feenlong
hospitalized older people were divided by mode lafaming nourishment into oraaind enteral
feeding inpatients. Body composition, estimated nutrient intakes, and blood levels of albumin and
CoQowere measured

Results

The longterm hospitalized aged people were considered malnourished based on body
composition assessment, estimated nutrient intakes, and serum albumin levels. Non hospitalized
older people were assessed as-welirished. The blood levels of total Ce®@f oral and enteral
feeding inpatients were 59.7% and 47.0% lower, respectivelyGoagared to those of non
hospitalized people. Redox ratio of C@@% of Ubiquinol versus total CoQ10) in serum of non
hospitalized older people, orahnd enterafeeding inpatients were 96.4%, 91.4%, and 88.3%,
respectively.

Discussion

Both the bloodevels and redox ratios of C@§l% of Ubiquinol ratio versus total CoQ10) in
long-term hospitalized older people were lower than those of non hospitalized older people, and the
values of enterdieeding inpatients were the lowest among the three groteseTresults imply the
possibility not only of a decline in the synthesis but also that reduced food intakes that affect blood
levels of Ubiquinol,and that hospitalized older people were under more intense stress than non
hospitalized older people. Intake of sufficient amounts of Ubiquinol from dietary supplements
and/or enteral formulae might be effective for preventing deterioration in qualitie affllong
term hospitalized older people.
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Organisms survive by maintaining a dynamic equilibrium with their environntérxidative

stress, a condition defined as unbalancing between production of free radidatstéoxidant
defenses, is an important pathogenetic mechanism in different dis€aGascocorticoids released

from the adrenal gland in response to sireshiced activation of the hypothalarmpituitary

adrenal (HPA) axis induce activity in the a«#dlr reductioinoxidation (redox) system.
Glucocorticoids induce neuronal oxidative stress directly through enhanced mitochondrial
respiration and oxidative phosphorylation. The increase in oxidative status is produced by a
glucocorticoid dependent and traariptional increase in proxidative drive, with concurrent
inhibition of the antioxidant defense system, ultimately leading to increased neuronal cell death.
These observations highlight that maintenance of a balanced redox state is critical for normal
cellular homeostatic function within the neuroendocrine sy$tem.

Functional hypothalamic disturbances and neuroendocrine aberrations have both short and long
term consequences for reproductive health. Understandably, an impaired or diminished
hypothalami€¢pituitaryi ovarian axis leads to anovulation and hypoestrogenism. Lack of cyclical
changes of estradiol and progesterone concentrations leads to abolished endometrial cyclicity and
typically the endometrium is in the persistent early proliferative phasevidation is directly

linked to the neurohormonal and hormonal background of FHA(Functional Hypothalamic
Amenorrhea). Impairment of pulsatile GnRH secretion causes the impairment of pulsatile LH &
FSH secretion®. Infertility can be defined as a lack pregnancy after one year of regular
unprotected intercourse. Approximately 1520% of couples of reproductive age are infertile,
which can be attributed equally to both male and female factors. Recent research on the role of
reactive oxygen species (RD# human infertility has received a great deal of attention from
scientists and medical practitioners, leading to the development of newer therapeutic approaches to
treat infertility. ©

Coenzyme @ (CoQip), also known as ubiquinone for its presencallrbody cells, is an essential

part of the cell energy producing system. However, it is also a powerful lipophilic antioxidant
protecting lipoproteins and cell membranes. Due to these two actions, Ubiquinol (the reduced form
of CoQ) is an active formof CoQo. It is commonly used in clinical practice in chronic heart
failure, infertility, and neurodegenerative disea§2ghe importance of oxidative stress in various
pituitary disorders suggests a possible clinical usefulness of antioxidant molecules like the
lipophilic antioxidant Ubiquinof?

In order to identify the role of Ubiquinol on reproductive hormones FSH andveHdentified 50

infertile patients aged between 20 to 40, who were mostly amenorrheic. Out of the 50 only 30
patients were in continuous follow up after supplementation with 150 mg of Ubiquinol every day
for 4 months. The hormonal levels were estimég&LISA technique at follicular phase.
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The data were observed as follows:

Hormone Subiects
(Normal Controls (© df’;l s) After 2 mnths | After 4 mnths
range in (Mean £ (Mea>r/1 M of Q10 suppl | of Q 10 suppl P Value
Follicular S.D) S.D) - (Mean + S.D) | (Mean = S.D)
Phase) '
FSH
(30t0o120 | 7.2+£1.61| 3.10+2.70| 10.08+6.93 | 10.09 +6.95 *
miU/ml)
il 14.83 +
(0.5t010.5 | 5.3+1.45 1(') 48_ 27.85+22.30| 28.02 +21.18 *
miU/ml) )
Prolactin 3471 +
(1.2t019.5 | 9.6 £1.61 2% 88_ 32.26 £19.88| 31.03 +19.53 ns
ng/ml) )
Progesterone
(0.15t00.70| 0.45+0.11] 1.72+£1.30| 2.40+1.45 240+ 1.43 ns
ng/ml)

*(Significant), "{Not Significant).

Results suggest that FSH concentration is increased but remains within the normal limit. LH values
were founddoubled the normal range. Prolactin values were decreased while Progesterone values
were high but not in the significant range. This increase in concentration of FSH and LH may be
due to reduced oxidative stress by Ubiquinol which could have normalizefirtogéon of the
hypothalami€¢pituitaryi ovarian axis. As a pilot study, we are getting promising results; hence the
study requires a large number of subjects, which is in our future plan.
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A large proportion of the mitochondrial respiratory chain complexes in a variety of organisms is
arranged in supramolecular assemblies called supercomplexes (SCs) or respirasdtosgefHr,

the factors able to modulate SC association and the mechanisms through which they act are still
unclear. In the reconstructed models of the $IC,IV 1, only few interaction sites exist between the
neighbouring protein complexes. Some of the galpmes may be lipid filled and it is worth noting

that cardiolipin, the signature phospholipid of mitochondria, can also integrate into the structure of
the respiratory complexes and act as a critical determinant of the respiratory function. Actually,
there is growing awareness that free complexes caaxist with SCs. In this context, tipdasticity

model has been proposed for the organization of the mitochondrial respiratory chain [2], thus
considering the previous opposed modstdid vs. fluid as tw possible extreme situations of a
dynamic range of different molecular associations between respiratory complexes.

The natural assembly of the respiratory complexes I, Ill, and IV into supramolecular stoichiometric
entities is not just a mere structuraafure, but has deep functional implications on the properties of
the respiratory chain (reviewed in [3]). The most striking and obvious functional consequence of SC
formation is enzymatic channeling, which provides kinetic advantage for theem#gme &ctron
transport mediated by Coenzyme Q (CoQ) molecules bound to the SC.

Our studies in proteoliposomes enriched in €,land CoQy, demonstrate that electron transfer
between Complex | and Complex Il (NADé&jtochrome c¢ oxidoreductase) is more effitithan
predicted by a random diffusional behaviour of Go@h the basis of the activities of the individual
complexes. Conversely, dissociation of the @ ,linto its individual enzyme components (arg.

vitro, by lipid dilution of the proteoliposorseand by treatment of the mitochondrial membrane with
detergents, oin vivoas a consequence of genetic and metabolic alterations) leads to resumption of
the less efficient diffusional behaviour of CoQ in the membrane, exerting much lower rates of
NADH-cytochrome ¢ oxidoreductase activity and the dependence of electron transfer on the
collisional encounters of the free CoQ molecules (pool function) with the partner enzymes [4].

We provide new kinetic evidence that electrons from NADH and from succiraate cgtochrome

c through separate pathways that are respectively mediated byliS@rid by free molecules of
Complex Il/Complex Ill and that involve separate compartments of,§;0@ing the two streams of
electrons independent and additive. Moreoves, suggest that bound CoQ is still in dissociation
equilibrium with the CoQ pool, thus exhibiting Michaeligenten kinetics but with lower apparent

Km compared to the condition of free and randomly distributed respiratory enzymes. This reasoning
allows us ¢ conclude that the amount of bound CoQ molecules, at steady state, would be dictated
by the size of the quinone pool and that the latter is still necessary in order to guarantee both CoQ
compartmentation within the SGlll; and efficient channeling of &ttrons. Accordingly, CoQ
supplementation is bound to enhance the NAd@pendent respiratory activity of SCs when the
endogenous quinone levels in the mitochondrial membrane are impaired.
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The naturainspired 2phenoxyl,4naphthoquinone B6 is an attraeti antitrypanosomatiti and
anti-cancef lead compound. Performing a through investigation aimed to evaluate its molecular
mechanism baction, we disclosed for B6 a multitarget profile directed at both glycolysis and
mitochondrial function. In particular, by chemical proteomics and bioenergetics studies, we
identified B6 as able to inhibit thglyceraldehyde phosphate dehydrogenaseAl@DH) enzyme

and to produce reactive oxygen species (ROS) at mitochondriaf level

To specifically dissect the mechanism(s) underlying ROS production, the capability of B6 to
interfere with the mitochondria electron transport chain (ETC) have been evaluated. Interestingly,
B6 displayed no effect on Complex | and Complex IlI, while it whie to generate ROS during
respiration in a mitochondrial fraction and additionally to function as NAD(P)H:quinone
oxidoreductase 1 (NQO1) substrate. Moreover, the GAPDH inhibition mechanism was further
investigated by kinetic studies. These suggestetdBGamay act as a covalent GAPDH inhibitor,
probably through a cysteine trapping mechanism. This hypothesis is conceivable with the presence
in B6 of a Michael acceptor motif, which can act as a warhead and react irreversibly to form a
covalent bond. Accalingly, preliminary docking studidsshowed that B6 could undergo a
nucleophilic attack from the catalytic Cys166 via three possible mechanisms: 1) 1,4 Michael
addition with formation of the correspondingdethersubstituted quinone; 1) substitution reaction

with phenate displacement; 1ll) 1,4 Michael addition followed by elimination of the phenate group.
To verify the possible formation of such a covalent adduct and clarify the mechanism by which this
occurs, the reactivity of B6 against thiol groups was investigated in a model system and through in
silico and biochemical studies. The overall results confirthatlB6 covalently modifies the active

site cysteineand suggested the substitution mechanisrth@asmost accredited one. This peculiar
mechanism of action makes B6 a promising starting point for the development of more effective
compounds targeted to two distinct nodes of cancer or parasite metabolism (glycolysis and
mitochondria) and with therapeécipotential against twdevastating diseases.
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The coenzyme Q biosynthesis pathway has been well studied in yeast and comprises at least 12
COQ genes.COQ8 encodes an atypical protein kinase that appears to be essential for the
phosphorylation of several Coq polypeptides. Yeag8 mutants lack CoQ6 and are not able to
growth in nonfermentable carbon media sources as glycerol.

Vertebrates harbor 2 paralagogenes ADCK3 and ADCK4 which display significant similarity

with yCOQ8.Mutations inADCK3cause Co@) deficiency and cerebellar ataxia while mutations in
ADCK4cause a predominantly renal phenotype.

yCOQ8 and human ADCK3 and ADCK4 differ in thet&fminus. COQ8 and ADCK4 have a
typical mitochondrial targeting sequence, while ADCK3 has a longer sequence, which does not
present the characteristics of standard mitochondrial targeting sequences (MTS) and a hydrophobic
transmembrane domain.

Carbonate extrain experiments show that ADCK4 is a peripheral membrane protein, with a
similar behavior to other COQ proteins like COQ4 and COQ5. Moreover, we observed
complementation of yeast deletion strgg@OQ8when the ADCK4 MTS was replaced by the
yCOQ3 (or yCOQ8MTS but not when the MTS was simply added to theefhinus as in the case

of ADCKS.

This tool allowed to confirm the pathogenicity of missense ADCK4 mutants identified in patients
with CoQ deficiency. Interestingly, there is no clear gencpipenotype orrelation as with other

COQ genes like COQ2.

Finally, yeast complementation allowed us to examine the functional consequences of a common
ADCK4 polymorphism, which was found to significantly affect ADCK4 function. This finding has
important implicationgo explain the pathogenesis of secondary CoQ deficiencies
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P35. ASSESSMENT OF COENZYME Q10 TRANSPORT ACROSS THE
BLOOD BRAIN BARRIER

Luke Wainwright® Jane PrestdnSimon Heale’s Joan Abboft lain Hargreaves

! Department of Molecular Neuroscience, Institute of Neurology, University College London, Londdn, UK;
Neurometabolic Unit, National Hospital of Neurology and Neurosurgery, London? Wititute of Pharmaceutical
Sciences, Kingbs Q@&Kl Il ege

Since the first description of human (coenzymeg) @QoQdeficiency in 1989over 149 cases have

been reported, 94 of these presenting with cerebellar ataxia which is the most common clinical
presentation of this disorder. Once a deficiency is disgd Co@, supplementation is commenced.
However, only 49% of patients with the cerebellar ataxic phenotype have been reported to show
improvement/stabilisation in their ataxic symptoms following supplementéiormanuele et al.

2012)

The refractory nature of neurological symptoms to treatment hasbakso reported for the
encephalomyopathic phenotype of GgQeficiency(Emmanuele et al. , 2012)he reasons for this
remain to be elucidated, however a major contributory factor may be the poor transfer;gf CoQ
across the blood brain barrier (BBB) resulting in insufficient ¢o@Yailability for the eficient
neurons. Currently, there is a paucity of information available on the ability of(@@@ross the

BBB and the optimum dose of CeQequired to have therapeutic potential in the treatment of the
neurological dysfunction associated with thisadder. Using a welkstablished primary porcine
endothelial cell model of the BBB this study evaluates the permeability of the BBB tg 69Q
determining the degree of transport across this system. Furthermore, the effext of
pharmacologically inducedBEB CoQodeficiency is assessed on the transport of fgaQross the
barrier.

References
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P36. EFFECTS OF REDUCED COENZYME Q ;o TREATMENT ON BONE
METABOLISM IN RAT
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Taketoshi ShimakufaNoriaki Yamamot, and Kenji Onodera
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2Dept. Clin. Pharmacol., Yokohama Col. Pharm., 601 Mateimo, Totukaku, Yokohama, Kanagawa, 28866,
Japan.

% Dept. Rad. Sci.,&kohama Col. Pharm., 601 Matawho, Totukeku, Yokohama, Kanagawa, 285866, Japan.

* Niigata Bone Sci. Inst., 761 Kizaki, Kika, Niigata, 9568304, Japan.
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In nature, there are two forms of coenzymg (€o0Q.0), oxidized form (Ubiquinone) and reduced

form (Ubiquinol). It is well known that Ubiquinol has an antioxidant protection action, cell activator
action, hypotensive action, etc. It is cléhat the Co@, content in human organ is reduced by
aging, thus it is recommended to take Ubiquinol as a supplement. In this study, to evaluate the
effects of Ubiquinol on rat bone metabolism, male Wister wetie administered with Ubiquinol

(150, 300, 80 mg/kg) orally every day for 12 weeks. As a result, the serum osteocalcin levels in
Ubiquinol (450 mg/kg) treated group was significantly higher than in the control group, while
significant changes for bone mineral density (BMD) in Ubiquinol treatedpgraxere not found. In
histomorphometric analyses of tibia metaphysis, MS/BS, BFR/BV, Oc.S/BS and Oc.N/BS in the
both 300 and 450 mg/kg treated groups were significantly increased. In addition to these results, the
maximum load and breaking energy in botrerggth analysis was significantly increased compared

to control group. These results indicate that bone quality was improved by Ubiquinol treatment with
accelerated bone turnover.
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P37. UBIQUINOL -10MIGHT SUPPRESSTHE AGING PROCESS BY
INHIBITING TYPE 4 CA MP PHOSPHODIESTERASES
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Sciences, Interdisciplinary Cluster for Cutting Edge Research, Shinshu kityyétatsumoto, Japan.
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Our recent studies revealed significantly delayed senescen€engscenceccelerated mouse
prone 1 (SAMP1) mic¢éhat werefed diets supplemented with the reduced form of coenzyme Q10
(ubiquinot10). Ubiquinol10 appeared to achieve this bydudng pathways that activateSIRT1

and peroxisome proliferatarctivated receptay ¢ 0 a ¢ t (PGGi tUdnductibriis attributedo
ubiquinol10 increasing the level of cyclic adenosine monophosphate (CAMP) and activating cAMP
respons@lementbinding protein (CREB) and AMBctivated protein kinase (AMPKY. Here, we
report thatubiquinol10 can enhance the survival rate and stbesaging induced by paraquat (PQ)

in the human hepatoma HepG2 cell libkiquinokl0at | ow concentrations (
expression oB6irtl, Sod2andPpargclato suppress the oxidative stress induced byBspquinok

10 elevated intracellular AMP levels and this effect was not completely prevented by MDL
12,330A, an inhibitor of adenylate cyclase (AC), a key enzyme during CAMP synthegjsiridH

10 also suppressed gene expression of the type 4 cAMP phosphodiestBaststd Pde4d.
Using Romoter Analysis Pipeline (PAP) we found that the transcription factofos might be
involved in transcriptional regulation of tHede4 genes. Application ofibiquinot10 to cultured
HepG2 cells markedly inhibited the expression offbe gene. Thischange seems to be achieved
by the inhibition of voltage dependent®ahannels (VDCCs) on the cell membraneubjyquinot

10.

In conclusion, this study showed thdtiquinol10 can suppress the VDCCs to reduce intracellular
calcium ion concentration and then impact the expression didegene. All of these processes
led to a decline ofPde4 genes expression, an increase in the intracellular cAMP level and
enhancement dbirtl, Sod2and Ppargclaexpression. With these changes, cellular-eritlation
capacity may be improved and senescence may be delayed.
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Objectives

Despite many developments in the treatment of human immunodeficiency virus (HIV) infection,
efforts for finding complementary therapies, including those that could enhance the immunologic
status of HIVlinfected patients, continue. So, we planned this study to evaluate the effects of
coenzyme @ (CoQo), a substance with known effects on the immune Bysb@ the occurrence of
opportunistic infections and CD4+-dell count of HIVtinfected patients as markers of their
immunologicstatus.

Methods

This was a parallel, doubldind, placebecontrolled, randomized clinical trial on adult (>18 years

old) patients with HIV infection on antiretroviral therapy (ART) referring to Ahvaz Behavioral
Diseases Consultation Center. Participants were allocated to two groups (cases and controls) by the
use of a random number table. The case patients were given, ©0® 20 mg capsule per day,

and the controls received placebo, each for 3 months. Patients with autoimmune diseases,
tuberculosis, or with other concurrent immunodeficiency states like lymphoma or other
malignancies, pregnant patients, and patients consumimgg @ftecting the immune system like
corticosteroids, were excluded. The participants were observed for the occurrence of any
opportunistic infection and their CD4+cell count, complete blood cell count (CBC), and serum
levels of blood urea nitrogen (BUNgreatinine (Cr), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and alkaline phosphatase (ALP) were measured at the beginning and the
end of the study. All the participants, caregivers, and the person assessing the outcomes were
blinded to group assignment.

Results

Seventyfour patients were participated in the study; of these, 73 patients (37 cases, 36 controls)
remained to the end of the study and were analyzed. One patient was lost teufnlldlie mean

age of the cases and the cofg was 39 and 41 years, respectively (p=0.423). Thmy case
patients (83.8%) and 25 control patients (69.4%) were male (p=0.175). No opportunistic infections
were observed among the participants during the study period. There was no statistratigrsig
difference in the mean CD4+d e | | count at the beginning of
increase after 3 months (p=0.114) between the two groups; however, the mean -Cé&Heotint
increased significantly by the end of the study in egatup (p=0.045 for cases, p=0.001 for
controls). There was no statistically significant difference in CBC parameters and in the mean
serum levels of BUN, Cr, ALT, AST, and ALP between the two groups. No adverse effects
attributable to Cog consumption wee found.

Conclusion

This study suggested that Cphad no remarkable effect on the CD4+cdll count and the
incidence of opportunistic infections in adult Hifected patients on ART.

Trial Registration: IRCT201108027197N1, IRC
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’Neurometabolic unit, National Hospital for Neurology and Neurosurgery, London, UK.

Coenzyme @ (CoQ) deficiency diagnosis requires the biochamidetermination of CoQ in
biological fluids and different cell types. Plasma CoQ measurement is reliable for CoQ monitoring
treatment, but its status may not truly reflect tissue levels [1], therefore CoQ determination in cells
is the gold standard for ¢hidentification of most of the CoQ deficient syndromes. To our
knowledge, urinary CoQ analysis has not been documented. The rationale basis of our study would
be that as in mitochondrial disorders kidney involvement associated with CoQ deficiency is being
recognized, kidney epithelial cells would be an adequate sample for CoQ determlmadtoonly

for diagnosis but also for treatment monitoring purposes. Our aim was to standardize a new
procedure for urinary CoQ determination and to establish referealkesvfor a paediatric
population.

A total of 135 fresh urine samples were collected, centrifuged and washed with 9 mg/mL saline.
The reconstituted pellet was stored2@°C until the moment of analysis. Total protein content of
the pellet was analyzed biyowry procedure, and total CoQ measurement was quantified by
reversephase HPLC with electrochemical detection (Coulochem II, ESA, Chelmsford, MA, USA)
as previously reported [2], with slight modifications. Age dependent reference intervals were
estrablibed from 43 control subjects (age rang@€fRyears; average=7.76; SD=4.63): from@

years (n=30; average= 61; SD = 24.5; Q10 range value$0241mol/g protein) and 117 years

(n=13; average=84; SD=32.9; Q10 range values13®B umol/g protein). Morear, different
preanalytical conditions were studied to assess the optimal conditions for CoQ epithelial kidney
cells quantification.

CoQ epithelial urinary tract cells analysis has the great advantage that it is-iavasiae
procedure, ideal for the sty in paediatric patients. The growing implication of kidney in
mitochondrial diseases, specially in primary CoQ deficiencies [3,4], supports the usefulness of this
procedure. In addition, urinary CoQ analysis (in renal diseases, but in other neuraogeaiabns

too) may represent a good option for CoQ treatment monitoring, especially considering that the
clinical outcome after CoQ supplementation in patients with renal disease and CoQ deficiency may
be excellent.
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