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Alatpodn —armnopattnto otoxela yio tn doun
KOlL OLLOLOOTAOLOL TOU OPYOLVLOLLOU

Aopka ovotatika (Autidlo, apwvoéea)
Brtapiveg
IxvooTtouxela
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2npooio Twv BlodpacTikKwV EVWOEWV

* [podpopa popla yia cuvBeon
DOAUPUOKEUTLKWY OUCLWV

* ALATPOPLKA CUUTTANPWHOTA
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ApAocELC BLOOPOOTIKWV EVWOEWV

* AvtipAeypovwdelc OpAoELC
* AVTL-VEUPOEKPUALOTLKN
* Avtl- Stafntikn 6paon

* AVTL- KOPKLWVIKN 6paon



BLoOpaoTIKEC EVWOELG OE PUTIKOUC

OPYOAVIOHOUC: TIPWTOYEVELC LETOBOAITEC
* \utapad oéca

* TIPWTELVEC

* vdatavOpoKeC

* VOUKAEIKA 0L

Elval oAa anapoltnta yia tnv emlwon tou
dutou
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BLOOPOLOTIKEG EVWOELG: OEUTEPOYEVELC
HETAPBOALTEC

phenolic and polyphenolic compounds
flavonoids

terpenoids

nitrogen-containing alkaloids
sulfur-containing compounds

Aettoupyolv ooV oNUATOOOTIKA LOPLA, YO TIPOCEAKUCN
EVTIOMWV N {wwV, TPOCTATEVOUV aro oéeidwaon Kal uTteplwdn
aktlwvofoAia, mpootatevouyv amno aboyova
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Bloyeveon kot petoBoALopoc¢ patvoAwyv
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Polyphenols Phenolic acids

v
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Blrodpaotikec evwoelg: flavonoids
 H peyaAvtepn opada GotvoAlkwv
LETAPOALTWV

* Baowkn touc paon €wvol N avaoTtoAn

ofeldbwong.
* Exouv: N O| @
’ A C
— OVTL-LLKN P
— Avti-daBntikn Figure 2.3

Structure of a flavonoid molecule.

— AVTL-KapKLVIKN Opaon
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BLOOpPAOTIKEC EVWOELG: terpenes

Avtil- ofeldbwtikn dpaon
Avti-pAeypovwdn dpaon

Kuttapootatikn dpaon



Activity of algae-derived terpenes

Compound IC50 (M)
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Natural New method
source Terpene Structure of production

_,..l\ Bicconversion of

Nootkatone valencene using
o P450 in yeast

CotB2 derivative

Dolabellatriene in E. coli

Brown algae

Yeast celis to
make precursor
artemisinic acid

Artemisinin

E. coli to make
oxygenated
taxane precursors

Paclitaxel

Aaddition/removal
of genes from
yeast to give
internmediate
strictosidine

Vinblastine

Madagascar periwinkle

anti-insect
aromatic

QVTIMIKPORIAKO
(TTOAUQVOEKTIKA)

KOTO TNG QUUATILWONG
Baon yia apwuaTa

QAVTIKAPKIVIKO

QVTIKAPKIVIKO



Cell cycie arrest

Apoplosis

Autophagy

Differentiation

Anli-angiogenesis

Anli-metastasis

Anti-MDR

Chemoprevention

Terpenoids Mechanisms
D-limonene Inhibition of HMG-CoA reductase and CoA synthesis, etc.
Cantharidin Inhibition of serine/threonine PP1 and PP2A, etc.

Artemisinin and its derivatives Cleavage of iron- or heme-mediated peroxide bridge, etc.

Tanshinone 1A DNA minor groove binder, etc.

Triptolide Inhibition of XPB ATPase and transcription factors, etc.

Pseudolaric acid B Blockage of microtubule and degradation of HIF-1¢, etc.

Andrographolide Inhibition of NF-xB, JAK-STAT, PI3K, HSPS0 and MMPs, etc.

Oridonin Downregulation of AP-1 and inhibition of NF-xB signaling, etc.
Celastrol Inhibition of the IKK ¢, B kinases and proteasomes, etc.

Cucurbitacins Interfere with F-actin and inhibition of STATS3, etc.

Alisol Inhibition of sarcoplasmic/endoplasmic reticulum Ca®* ATPase, etc.

Pachymic acid Inhibition of DNA topoisomerase | and |I, MMP9 and NF-xB, etc.

Lycopene Scavengers of ROS, inhibition of MMP2 and u-PA, etc.
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Example: anti-inflammatory actions of
terpenes from algae

100 + -o- Neorogioltriol
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Compound concentration (uM)

IC50

NRG 2.24 = 2.29 uM

NRD 13.77 = 2.81 uM

Daskalaki et al, Supported by EU and Greek National funds
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Anticancerdrugs: Taxol (Paclitaxel)

taxane
nucleus

Taxol

(2aR,45,4aS,6R,95,11 8,128,12bS)-9-
(((2R,3S)-3-benzamido-2-hydroxy-3-
phenylpropanoyljoxy)-12-(benzoyloxy)-4,11-
dihydroxy-4a,8,13,13-tetramethyl-5-oxo-
3,4,4a,5,6,9,10,11,12,12a-decahydro-1 H-
7.11-methanocyclodecal3,4]benzo[1,2-
bloxete-6,12b(2aH)-diyl diacetate

Taxol, a complex diterpene amide, was
first isolated from the bark of Taxus
brevifolia (pacific yew tree) after initial
studies at 1962, and its structure was
elucidated at [1971. Taxus brevifolia
contains low amounts of toxic alkaloids
(taxine A and B) and reasonable levels
of taxol compared to other Taxus

species.

Taxol and taxol analogues are the most
important drugs for treatment of drug-
refractory ovarian cancer as well as

lung and breast cancers.
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Stages of natural product-derived drug
development within a year

Drugs based on natural products at different stages of development

Development stage Plant Bacterial Fungal Animal Semi-synthetic Total®
Preclinical 46 12 7 7 27 99
Phase | 14 0 3 8 30
Phase Il 41 0 10 1 66
Phase lll 5 0 4 13 26
Pre-registration 2 0 2 4
Total 108 25 7 24 61 225




Therapeutic categories of natural product-
derived drug development

Therapeutic categories of natural product-derived drugs at different stages of development

Therapeutic area Preclincal Phase | Phase Il Phase Il Pre-registration Total
Cancer 34 15 26 9 2 86
Anti-infective 25 4 7 2 2 40
Neuropharmacological 6 3 9 4 0 22
Cardiovascular/gastrointestinal 9 0 5 6 0 20
Inflammation 6 2 9 1 0 18
Metabolic 7 3 6 1 0 17
Skin 7 1 2 0 0 10
Hormonal 3 0 2 1 0 6
Immunosuppressant 2 2 0 2 0 6
Total 99 30 66 26 - 225




UNIVERSITY OF CRETE
SCHOOL OF MEDICINE

Polyphenolic compounds

Polyphenols

Favour Neurogenesis SIRT-1 / AMPK / PGC1-alpha Axis
and Neuroplasticity

Decrease Neuroinflammation
Pro-inflammatory cascades (NF-kB, AP-1)

and Apoptosis
Pro-inflammatory markers (NO, TNF-alpha, IL-6)
ROS
Cyanidine-3-glucoside
Iba-1

Mitochondrial production of ROS

Resveratrol Cytochrome c release Au ic N - > | Signal:
m\(ENOF e | Gut-Brain Axis V%35
Luteolin

Quercetin Pro-inflammatory cascades (NF-kB, JAK/STAT1, AP-1)
Pro-inflammatory markers (NO; PGE2, TNF-alpha, IL-8, iNOS, COX-2)
Reduce Gut Inflammation gOS

Modulate Gut Microbiota Regulate SCFAs production

Regulate neurotransmitters
and gut hormones production



Polyphenols present in
red wine

Group Subclass Main Range Characteristic
Representatives in Structure
mg/L
Non-
flavonoid
Hydroxybenzoic Gallic, ellagic, 0- S o ﬁ
NS CoH
acids parahydroxybenzoic, 218.0 i \\&J
protocatechuic, OH
vanillicand syringic Gallic acid
acids
Hydroxycinnamic  Coutaric, caftaric, 60.0 i on
acids and fertaric acids 334.0 HO [ i /
OH
Caffeic acid
Stilbenes Resveratrol 0.1- . "
7.0
on
Resveratrol
Flavonoids
Flavones Luteolin 0.2 )‘ “
10 .
Luteolin
Flavan-3-ols Catechin and 50.0 X o
epicatechin 1200 U
¢
Catechin
Flavonols Myricetin, 12.7 £ o
quercetin, 130.0 X
[ Y ™
kaempferol, and "o
rutin Quercetin
Anthocyanins Malvidin, cyanidin, 90.0 M
peonidin, 400.0 ’
delphinidin, L
. Malvidin
pelargonidin,

petunidin




B
Phytoestrogenes

What human estrogen looks like
17-p-estradiol

This is estradiol, one of the three forms of Resveratrol OH
estrogen found in women (the other two are
estrone and estriol)
O ( /OH
) H'El‘

What plant estrogen looks like | Y0 [ ik

R R HO  Compounds which
Isoflavones are the ... H W have estrogenic effects
most common type formononetin  H CH5

genistein OH H

found in plants biochanin A OH CH;
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Resveratrol activates ER but antagonizes E2 action
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Endocrinology, 141, 2000:3657




RESVERATROL @ - @
& " ESTROGEN

ELL PROLIFERATION Graphic: ResveratrolNews.com

(Increase in Numbers)

ESTROGEN RECEPTORS AND RESVERATROL
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Effect of resveratrol on IL-1 secretion
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Changes in LDL Oxidative Status and Oxidative and Inflammatory Gene
Expression After Red Wine Intake in Healthy People: A Randomized Trial

70.00 -
60.00 -
50.00 -
40.00 -
30.00 -
20.00 -
10.00 -

0.00

R McDM NPVRW McDM + NVPRW

Comparative values of ox-LDL level for each treatment intervention. The significant values are expressed as (a) baseline versus
McDonald's meal (P < 0.05); (b) McDonald's meal versus McDonald's meal + not pruned vineyard red wine (P < 0.05); (c) baseline
versus not pruned vineyard red wine (P > 0.05); baseline versus McDonald's meal + not pruned vineyard red wine (P > 0.05).

Total of 30 participants

Mediators Inflamm, 2015, 317348
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J AB40, AB42, and MMP9 [24, 47
T total-Hb and deoxy-Hb [48]

J sleeping metabolic rate [60]

{ IGF-1 and IGFBP-3 [22]

Health effect

of resveratrol

|

Improves
oxidative
capacity [61]

Improves antioxidant
activity [63]

Improves oxidative stress [25]

J inflammation
* Controversial results. markers [60]
More information see
reference 42 and 52 J glucose, triglycerides, and lower heart rate [57]

Improves insulin
sensitivity [45] *



Resveratrol induces mitochondrial activity in
BAT and muscle

HF + R400
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Cell, 2006, 167:1109
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Resveratrol prevents diet-induced obesity in mice
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Resveratrol Improves Mitochondrial Function and Protects Against
Metabolic Disease by Activating SIRT1 and PGC-1alpha in mice

A Enrichment plot; VOXPHOS Enrichment plot: ELECTRON_TRANSPORT_CHAIN Enrichment plot: STRIATED_MUSCLE_CONTRACTION

/\ S oINS
'

£aSq| 'Ah
JHIMIIMN - MIIINUIILMHHHHM el L L
= H .

spupoepee
Iil‘s!lllll

Frecyrect sioe G5

mmumzn
ISI! BSB!BB

3 9
2 i
2 .| HF +R400 i, HF +R400
QIL' H ;‘
i i
£ 3 T !.‘
g ’ £ ace0 il 0o = 5 ° 280 =8
380 % 0330ee Catanet
ANHE et — IS Maway rate soores |
B
w CmE =) HER ECE EE
b= o =] EEE W EE H = EEEEEE B n
&l o mE = Tl i
i mE i | EEEE EEEEECE EEEE N
§. E [ N E | | ||
.
+ .
X

C D

20
; m HF 500 *

+

¢§1_5 =22 HF+R400 —
Ew * * N e
28, 1 £ 300
38 : -

* poc-ta PGC-1B NRF1 ERRa Tham PPARa PPARBIS PPARy UCP3  Myoglobin Tni  MCAD o,.,: HF + R400

Transcriptional regulators Unco%glngl Fibertype Fatty acid S o Poc
R

marker  oxdation o ., Cell, 2006, 167:1109



(&) UNIVERSITY OF CRETE
%) SCHOOL OF MEDICINE

Resveratrol levels and all cause mortality in
older community adults in Chianti

In older community-dwelling adults, total urinary resveratrol metabolite concentration was
not associated with inflammatory markers, cardiovascular disease, or cancer or predictive
of all-cause mortality. Resveratrol levels achieved with a Western diet did not have a
substantial influence on health status and mortality risk of the population in this study.

JAMA Int. Med, 2014



The therapeutic
potential of
resveratrol: a
review of
clinical trials

npj Precision Oncology volume 1,
Article number: 35 (2017)

Disease type

Cancer

Prostate cancer

Prostate cancer

Colorectal cancer

Colorectal cancer

Multiple myeloma

Breast cancer

Study conditions

14 patients, phase 1
trial

66 patients,
randomized,
placebo-controlled,
single-site clinical
trial

9 patients
randomized,
placebo- controlled,
double blind, phase 1
trial

20 patients

24 patients, phase 2
trial

39 patients,
randomized, double-
blind, placebo-
controlled clinical
trial

Neurological disorders

AD

AD

Ischemic stroke

119 patients,
randomized,
placebo- controlled,
double blind, multi-
site, phase 2 trial

119 patients,
randomized,
placebo-controlled,
double-blind,
multicenter, phase 2
trial

312 patients,
randomized,

Length of trial

2-31 months
(depending on
patient)

4 months

14 days prior to
surgery

8 days prior to
surgery

~4 months

3 months

12 months

12 months

60 min after 0-2 h
of stroke onset

Resveratrol dosage

500, 1000, 2000, 3000,
or 4000 mg of MPX.
Every 500 mg MPX has
4.4 ug resveratrol

150 mg or 1000 mg daily

5.0 g SRT501

500 or 1000 mg

5.0 g SRT501

5 or 50 mg twice daily

500 mg once daily, with
500 mg dose escalation
every 13 weeks, ending
with 1000 mg twice
daily

500 mg once daily, with
500 mg dose escalation
every 13 weeks, ending
with 1000 mg twice
daily

2.5 mg resveratrol /kg of
body weight

Biomarker changes

Increase in PSADT

Decrease in
androstenedione, DHEA,
and DHEAS. No effect on
prostate size and PSA
levels

Increase in cleaved
Caspase-3 (apoptosis)

Reduction in tumor cell
proliferation, indicated by
reduction in Ki-67 staining

NA

Decrease in RASSF-
Iamethylation

Reduced CSF MMP9,
increase IL-4, attenuated
decline in AB42 and AB40

Attenuated decline in AB42
and AB40 increased brain
volume loss

Reduced MMP-9 and MMP-
2

Effect

Beneficial

None

Beneficial

Beneficial

Severe
adverse
events

Beneficial

Beneficial

Beneficial

Beneficial

Reference


https://www.nature.com/npjprecisiononcology
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Diabetes
T h th t L 14 patients, double-blind, = 25-week intervention
e e ra pe u I c Type 2 randomized, placebo- periods w1th-5-vslleek 509 mg twice No effect on GLP-1 secretion None 62
diabetes controlled, crossover washout period in daily —
otential of
p Type 2 62 patients, prospective, Improved glycemic control:
diabetes, open-label, randomized, 3 months 250 mg daily decreased HbA1c, systolic BP, total Beneficial 63

re Sve rat ro I : a glycemia controlled trial cholesterol, and total protein _

. . Decreased insulin resistance,
19 patients, double-blind, Insuil !

u
rev I ew Of Type 2 randomized, placebo- 1 month 5 mg twice daily decreased blood glucose, delellyed Beneficial 64
diabetes controlled stud glucose peaks after meals, urinary —
- - - y ortho-tyrosine excretion
C I I n I ca I trl a I s 10 patients with mean age 1000. 1500. or Decrease in peak postmeal glucose
IGT 72 + 3 years, open-label 1 month ’ g and 3-h glucose, increased insulin Beneficial 65
2000 mg daily e —
study sensitivity
NAFLD
28 patients, randomized, . No change in ALT No improvement in
NAFLD placebo- controlled 6 months 1500 mg daily lipid profile or insulin sensitivity None 67
20 patients, randomized, No change in insulin resistance or
NAFLD placebo- controlled 2 months 3000 mg steatosis. Increase in ALT and AST None Gl
npj Precision Oncology volume 1, NAFLD g?a(l:):kt)l;-nctts)'n r;gﬁ:guzed, 3 months 300 mg twice Reduced AST, ALT, cholesterol, Beneficial 70
Article number: 35 (201 7) double blind ’ daily glucose, TNF-a -
. . 500 mg (in
50 patients, randomized, o L L
NAFLD double-blind, placebo- 3 months addition to Reduction in ALT, IL-6, NF-«B activity Beneficial 71

controlled

exercise and
healthy diet)

improved lipid profiles


https://www.nature.com/npjprecisiononcology

Resveratrol: where we stand in therapy

* Limited bioavailability

* Gastrointestinal side effects (over 1g/day)

* Toxicity, particularly nephrotoxicity

Improve bioavaliablity: Derivatives (Pterostilbene); Metabolites
(resveratrol-3-O-sulfate)

Reduced toxicity: Targeted nanoparticlies (lipid based)
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Eucommia ulmoides — Chinese herbs

Binding to AR

—d—
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Ethanolic EU extract (ng/ml treatment medium)
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Auvvntikn apvnTtikn avadpoon oo GUTOOTEPOAEC

Negative feedback control
Testosterone Testosterone 95%
Testes l

Hypothalamus

@ GnRH }S\'{
ACTH
I [ Prostate
Adrenal

Cortisol Adrenal androgens
Negative feedback control
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Blodpaotika entidia

* JUOTATIKA TNC TPODNC

* [MpoLovta LOPOAUGCNC MIPWTEIVWV

Exouv dpaon og oppovikoUc urtodoxelc aAAd Ko
aAAouc urtodoyxeic.
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Blodpaotika entidia

* [1pOKUTITOUV Ao TIEP N TIPWTELVWV KOTO TNV
enetepyaoia tpodwyv (my Vpwon) N amo
arodoNonN CUCTOTIKWY TNC TPOdNC ao To
EVTEPLKO LLKpOBLwHAL



Apacelc BlLodpaoTiKWV MENMTIOLWV

e AvVTL-UTIEPTAOLKA (atvahoya SpaoTIKWV
UTTOpMOVOO WV PAPLAKWY- AVOLOTOAN
LETATPETTIKOU ev{Upou ayyelotevoivne- ACE)

e Avitl-pAeypovwon épaon (AvaotoAn Cox
ev(ULWV)

* Apaon avaioyn omloeldwv
e Avtl-oéesldbwTtikn 6paon
* Avti-OpopPwTtikn dpaon
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Apaoelc Blodpaoctikwyv menTdLWVY

» Hypocholesterolemic * Opioid
» Antihypertensive » Antagonist activity
» Antithrombotic » Agonist activity

* Antioxidative

Cardiovascular Nervous
system system
Gastrointestinal Immune
system system
* Mineral binding
» Antimicrobial « Antimicrobial
» Antiappetizing » Cytomodulatory

¢ Immunomodulatory
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Bioactive peptides against Alzheimer disease

e A fruit peptide (jujube) was introduced as a new peptide
and named Snakin-Z, and consists of 31 amino acids with a
sequence: CARLNCVPKGTSGNTETCPCYASLHSCRKYG

* Possesses potent Anti Acetylcholinesterase (AChE) activity

 AChE is a serine hydrolase which catalyzes the hydrolysis of
neurotransmitter acetylcholine into choline and acetic acid.

* According to cholinergic neurotransmission, AChE inhibition
increases the levels of acetylcholine in the brain, thus

improving cholinergic synapses in Alzheimer’s disease (AD)
patients



Protein
source

Caprine
milk

Bovine
milk

Bovine
milk

Bovine
milk

Egg white

Rice
endosperm

Sweet
potato
juice

Some food protein hydrolysates and their therapeutic application

Microorganism or
enzyme used

Pepsin

Lb. helveticus

Porcine intestinal
enzymes

Enterococcus
faecalis TH563 and
Lb. delbrueckii ssp.
bulgaricus LA2

Alcalase

Neutrase

Thermoase PC10F,
Protease S
andProleather FG-F

Amino acid
sequence

agp-casein f(203-
208)

|le-Pro-Pro; Val-Pro-
Pro

(Tyr-Pro-Phe- Pro-
Gly-Pro-lle- Pro-
Asn-Ser-Leu) B-
casein f(60-70)

Unidentified

Arg-Val-Pro-Ser-Leu

Phe-Arg-Asp-Glu-
His-Lys-Lys; and
Lys-His-Asp-Arg-
Gly-Asp-Glu-Phe

lle-Thr-Pro; lle-lle-
Pro; Gly-GIn-Tyr;
Ser-Thr-Tyr-GIn-Thr

Therapeutic
application
(bioactivity)*
Antimicrobial,
antihypertensive;
antioxidant

Antihypertensive*

Immunostimulatory,
opioid agonist;
ACE-inhibitory

Immunostimulatory,
ACE-inhibitory

ACE-inhibitory

Antioxidative

ACE-inhibitory

Lb., Lactobacillus; ACE, angiotensin converting enzyme.

Reference

Atanasova
and
Ivanova'®

Jéakala and
Vapaatalo®®

Atanasova
and
Ivanova'®;
Meisel®

Regazzo et
al.90

Liu et al.58

Zhang et
al9!

Ishiguro et
al.%2
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Table 6.1 Distribution of main bioactive phenolic compounds in marine algae.

Class of
phenolic

Algal group compounds Algal species

Rhodophyceae Bromophenols Pterocladia capillacea,b Odonthalia corymbifera,
Rhodomela confervoides,® Jania rubens®

Terpenoids Laurencia sp.,F Callophycus serratus®
MAAs® Porphyra sp.h
Tichocarpols Tichocarpus crinitus’

Phaeophyceae Phlorotannins Eisenia bicyclis,i’* Ecklonia cava,i* Ecklonia kurome,i
Ecklonia stolonifera, Ishige okamurae,™ Eisenia
arborea"

Bromophenols Padina arborescens,® Sargassum siliquastrum,®
Lobophora variegata®
Meroditerpenoids Sargassum fallaxP
Colpol Colpomenia sinvosad
Chlorophyceae Bromophenols Codium fragile,® Avrainvillea longicaulis,® Avrainvillea

nigricans,b Avrainvillea rawsonii®

MAAs Prasiola spp.’
Coumarins Dasycladus vermicularis®
Vanillic acid Cladophora socialis'
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Figure 1.1
Ascorbic acid, tocopherols, and p-carotene as natural products with antioxidant activity.
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B-carotene (BC), a lipid-soluble tetraterpene precursor to vitamin

PN EYE DISEASES METABOLIC SYNDROME‘

Antioxidant type Il diabetes
Antioxidant macular degenaration | Antinflammatory coronary artery disease
Pro-vitamin Aactivity cataract J C-Reactive Protein | steatohepatitis w
Blu-light absorption retinitis pigmentosa J total homocisteine hyperomocysteinemia

J LDL-C, T HDL-C dyslipidemia

g, SKIN DISEASES

CANCER O g

Antioxidant Antioxidant breast cancer
=i cys-lycopene
J UV-light mediated damage melanoma _|
stimulation of gap-junction urothelial cancer
Modulator of apoptosis communications
modulatorsof apoptosis melanoma




Dose-dependent action of b-carotene in
cardioprotection

ijf\/l\/\\)\/\\/\w/\\/\ﬁ/\\j;\j Cardiac function 1

Total antioxidant capacity 1
Infarct size {,

p-carotene o Cytotoxicity 4
Low-dose High-dose \)o’ﬂ'

Cardiac function
_>
'A

Control ISA/REP Cytotoxicity

High-dose Total antioxidant capacity Cardl{lc
P Infarct size Protection
Cytotoxicity

Total antioxidant capacity
Infarct size

Co"tro / z z
Cardiac function




Vitamin D
e synthesized in the skin as pro-vitamin D

e activated in the liver and kidney by
hydroxylation (1,25 di-hydroxy-vitD)

* |s presentin fish fat (salmon)
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EmiBupnta enineda vitD otov oppo

*  Quolohoyika emntimeda: >20 ng/ml (50 nmol/L)

* Avenapkela (insuffiency): 10-20 ng/ml (30-50 nmol/L) (TMALP,
TPTH)

 'EAAewpn (deficiency): < 10 ng/ml (< 30 nmol/L) (cupmTwpaTIKA
paxitda)

e Tofwkotnta: > 100 ng/ml (> 250 nmol/L) (1 Ca opoU katL oUpwy,
4 PTH)



@i1AavOoIK HEAETN
[Mepittou 1400 Gropa TTOU TA TTAPAKOAoUBNnoav yia 22 xpovia.
2TOUGC AvOpEeg, aAAG OXI OTIG YUVAIKEG, Ol UPNAOTEPEC CUYKEVTPWOEIC BITANIVNG
25(0OH)D otov o0p6 cupBadile pe PEIWPEVO KivOuVOo gp@avions 2A katd 72%
(adjustment for smoking, body mass index, physical activity, and education).

FABLE 3. Pooled Relative Odds of Type 2 Diabetes Comparing the Highest 3
and the Lowest Quartiles of Serum Vitamin D® According to Sex 3
No. Cases No. Controls OR (95% CD P for Trend F for Heterogenceity
VMiodel AP 1l
NMen 188 451 049 (023 -1.03) 001 0_39
Women 224 S35 0.71 (0.34-1.49) 0.20 0.20
VMiodel B® h
Moen 185 441 028 (0.10-0.81) 0. 001 0.443
Womoen 220 52 1.14 (0O.60—2.17) 0.89 0.643
Model CP h
Moen 140 333 O I8 (D03 0.97) =0.001 .5
Women 167 437 1.12 (0.32—-3.96) 0.92 o.11
Viodel DY h
Men 183 438 028 (005 - 1.43%) 0.0l 0.23
Women 220 L 1. 42 (071 - 2.84) 0.75 066

"Measured from controls.
A s described in Table 2 footnotes.

Knekt, P, M. Laaksonen, et al. (2008). "Serum vitamin D and subsequent occurrence of type 2 diabetes."
Epidemiology 19(5): 666-71
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H vitD TTpooTOaTEUEI ATTO EMPAVION
O10BATN TUTTOU 1

@iIAavOIKn TuXaloTroinUévn TrTapepBaTIKA HEAETN o€ 10,366 TTaIdIA.

»Xopriynon 2000 IU D3 / pépa kKatd 1O TTPWTO £T0C TNG (WG Kal TTapakoAouBnon Tou
TTANBuUoPOU auTou KaTtd Ta eTTopeva 31 xpovia

» O Kivouvocg gupadviong 2A Tuttou 1 peiwpévog kata 80%.

> 210 TTaIdId he XapnAa etritreda Birapivng D, o kivduvocg epgdaviong diapritn ntav 200%.

Dietary vitamin D supplementation is associated with reduced risk of type 1 diabetes. Ensuring adequate witamin D supplementation for
infants could help to reverse the increasing trend in the incidence of type 1 diabetes.

Hyppbnen E, Léérd E, Reunanen A, Jarvelin MR, Virtanen SM. Intake of vitamin D and risk of type 1 diabetes: a birth-cohort study.
Lancet. 2001 Nov 3;358(9292):1500-3.
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H vitD onpatodotel o€ KutTOPO KOLPKiVOU
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Apoptosis Proliferation
é Anti-apoptosis

Genes with
TCP-binding elements
e.g., c-myc, cyclin D1

= TNFa, IL1, IL6, IL8,

@ m $ cyclin D1, c-myc, COX-2
“CyoinE wviwww\n

Cell cycle
E2F-target genes

Nucleus
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Cases per 100,000 people
29.23-33.30 (highest 10%)
00 15 3.0 45 6.0 75 9.0 10.5 120 27.84-29.22

26.86-27.83 .
25.86-26.85 Breast Cancer Mortality among

UVB Dose (kJfm?), July 1992 2521-25.85 White Females, 1970-1994
24.27-25.20
23.46-24.26
2233-23.45
2096-22.32
15.88-20.95 (lowest 10%)
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VitD circulates free and bound on vitD-BP

Megalin/cubilin
mediated uptake

~Tlissue

N

9,
'
@ 0‘°~ or 095;,

Most tissues Kidney (Parathyroid, Placenta)




Distribution of free 25(OH)D in Adults and

Selected Patient Groups

Relative Distribution

0 5 10 15 20
Free 25(OH)D concentration (pg/mL)



VitD levels in
different
populations

meta-analysis

Europe (90 studies)

Austria (N=2)
" F?elgium (N=4) - -
zech Republic (N=1) — = (o]
Denmark (N=7) e )@ -
Estonia (N=1) _—
Finland (N=9)
France (N=6)
Germany (N=5)
Greece (N=2)
Iceland (N=3)
Ireland (N=3)
Israel (N=1)
Italy (N=4)
Netherlands (N=7)
Norway (N=4)
Poland (N=2)
Russia (N=1)
Spain (N=5) =
Sweden (N=7) &
Switzerland (N=3) g
UK (N=13)

Study size
- continuous scale

Ij
!

o
-
>
=3

o

C R grey = median

Canada (N=10)
USA (N=28)

Australia (N=8)
China (N=6)

Fiji Islands (N=1)
India (N=3)
Indonesia (N=2)
Japan (N=5)
Malaysia (N=1)
Mongolia (N=1)
New Zealand (N=11)
South Korea (N=2)
Thailand (N=5)
Vietnam (N=1)

Middle East & Africa (19 studies)

Cameroon (N=1)
Gambia (N=1)

Iran (N=12) > 00
Jordan (N=1)
Lebanon (N=2)
Nigeria (N=1) (@)

South Africa (N=1)

South America (3 studies)

Argentina (N=1)
Brazil (N=2)

0 25 50 75 100 125



VitD binding
protein and

bioavailable
vitD

B Blacks [@ Whites

Frequency (no. of participants)
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Inactivation of vitD by hydroxylation at 240H

VitaminD

25(0OH)D

24,25(0H),D

. 1,25(0H),D

24-hydroxylase

Calcitroic acid
(excretion product)



Serum 24,25VD, (nmol/L)

Serum 24,25 vitD increases when 250hVitD is high

24,25VD, = 0.14 (25VD,) - 0.27
n=160

Serum 25VD, (nmol/L)
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Scientific Reports 9: 6974 (2019)
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Vitamin D and Prevention of Type 2 Diabetes

DOUBLE-BLIND, RANDOMIZED TRIAL

242 igh : i 1
423 Overweight or obese adults Vitamin ]:)3 Placeb()

with prediabetes

(4000 IU/day)
=1211) =1212)
Progressmn to 293 323
new-onset diabetes RCUEUE Patients

HR, 0.88; 95% CI, 0.75-1.04 (P=0.12)

No significant between-group differences in adverse events

Risk of new-onset diabetes not significantly lower with vitamin D
than with placebo

A.G. Pittas et al. 10.1056/NEJM0al900906 Copyright © 2019 Massachusetts Medical Society




Effect of vitD supplementation on Cardiovascular disease and Cancer

Major Cardiovascular Events

0.10q=— Placebo
——  Vitamin D 1600 IU/d
o HR = 0.97 (95% C, 0.63-1.49)
o 0.08+ P=0.89
9 Vitamin D 3200 IU/d
S 0.06- HR = 0.84 (95% Cl, 0.54-1.31)
£ > P=044
= V2
= ol
E 004' /,/
= -
£ =
3 0.02- //
0.00 T T T T 1
0 1 2 3 4 5
Years from Baseline
Jo. at risk
’lacebo 830 780 702 659 625 598
600 IU/d 832 783 718 676 648 616
3200 1U/d 833 786 121 671 633 616

Cumulative Incidence

No. at risk

1600 IU/d
3200 IU/d

Any Invasive Cancer

0.10q— Placebo
- \fitamin D 1600 |U/d
HR=1.14 (95% CI, 0.75-1.72)
0.08- P= 055
Vitamin D 3200 IU/d
| HR=0.95 (95% Cl, 0.61-1.47)
0.061  los %
0.04 ="
0.02+
0.00 ' : . .
0 1 2 3 4 5

Years from Baseline

830 780 702 659 625 598
832 783 718 676 648 616
833 786 721 671 633 616

2495participants: male participants 260 years and post-menopausal female participants 265 years from a general Finnish
population who were free of prior CVD or cancer

The American Journal of Clinical Nutrition, Volume 115, Issue 5, May 2022, Pages 1300-1310, https://doi.org/10.1093/ajcn/ngab419
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VitD and marine Q3

supplementation for 5 years
VITAL study

25,871 participants, including 5106 black
participants men 50 years of age or older and
women 55 years of age or older in the United
States.

Conclusion: Supplementation with vitamin D did not result in a
lower incidence of invasive cancer or cardiovascular events
than placebo.

N Engl J Med 2019; 380:33-44
DOI: 10.1056/NEJMo0a1809944

A Invasive Cancer of Any Type

Placebo
10 906 Hazard ratio, 0.96 (95% Cl, 0.88-1.06) ="
0o 0054 P=047 /" Vitamin D
g 0.8 0.04
S 0.7 0.034
T
H 0.6+ 0.02
'g 0.54 0.014
® 0.4
= 0.00 T T T T T 1
g 0.3 0 1 2 3 4 5 6
Y021
0.14
OO T T T T T 1
0 1 2 3 4 5 6
Years since Randomization
No. at Risk
Placebo 12,944 12,765 12,567 12,345 11,985 9543 746
Vitamin D 12,927 12,738 12,543 12,341 11,992 9557 744

B Major Cardiovascular Events

Placebo
1.0o 9067 Hazard ratio, 0.97 (95% Cl, 0.85-1.12) P
0.94 0.05-{ P=0.69 Vitamin D
g 0.8 0.04
S 0.71 0.034
T
H 0.6 0.02
2 059 0011 g
® 0.4
= 0.00 T T T T T 1
g 0.3+ 0 1 2 3 4 5 6
Y024
0.14
00 I T T T T 1
0 1 2 3 4 5 6
Years since Randomization
No. at Risk
Placebo 12,944 12,862 12,747 12,593 12,289 9841 766
Vitamin D 12,927 12,842 12,723 12,593 12,314 9862 774
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Effect of VitD+Ca** Supplementation in fractures

JAMA Netw Open. 2019 Dec; 2(12): e1917789
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Modulation of the gut microbiota from bioactive
compounds
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Dietary impact of microbiota products in the immune

system
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Impact of microbiome-derived metabolites to cancer
Immunotherapy

] Lumen

FMT from ICI responders
11 strain consortium
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Examples of metabolite concentrations in human tumors

Metabolite Sample type
Butyrate Fecal
Propionate

Acetate Fecal
Butyrate

Propionate

Butyrate Serum
Propionate

Nicotinic acid Feca
Alanine Serum
Pyruvate

Lysine Feca
3-Hydroxyanthranilic acid Plasma
Anacardic acid Fecal
2-Pentanone Fecal
Tridecane Fecal

Primary bile acids (muricholic acd, a- and Feca
B-muricholic acids)

Secondary bile acds (ursodeoxycholic add,
ursocholic acid, tauroursodeoxycholic acid,

and taurohyocholic acd)

Cancer type

Solid tumors

Melanoma

NSLC

NSLC

NSLC

NSLC

Melanoma

NSLC

NSLC

Unresectable
hepatocellular
carcinoma

IC! antibody
treatment

Anti-PD-1

Anti-PD-1

Anti-CTLA-4

Anti-PD-1

Anti-PD-1

Anti-PD-1

Anti-PD-1

Anti-CTLA-4/anti-PD-1

Anti-PD-1

Anti-PD-1

Anti-PD-1

Correlation with ICI treatment
response

High fecal concentration
associated with response

High fecal concentration
associated with response

High serum concentration
negatively corelated with
clinical outcome

Increased concentrations in
the feces of prolonged
responders (PFS >12 months)

Decreased serum
concentrations associated
with response

Increased concentrations in
the feces of prolonged
responders (PFS >12 months)

Low concentrations
associated with longer PFS

High concentrations of
anacardic acid associated with
response

Associated with early
progression of tumor

Associated with early
progression of tumor

Significantly dominant in the

feces of patients with objective
response to ICl treatment



Microbiota-derived metabolites that affect
anti-tumor responses

Examples of microbiota-derived metabolite concentrations in murine models

Metabolite Model ICI antibody
treatment
Inosine MC38 tumor-bearing Anti-CTLA-4
mice
B16-medanoma-bearing Anti-PD-1
mice
Inosine monophosphate and hypoxarthine GF mice None
Mevalonate

Dimethyl glycine

Correlation with ICl treatment response

Co-treatment with inosine or inosine-producing bacteria
enhanced the efficacy of anti-CTLA-4

Co-treatment with inosine enhanced the efficacy of
anti-PD-1

Increased concentrations in cecal contents and sera of
mice following inoculation with an 11-strain bacterial
consortium
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* ATopovwon
e XopaKktnplopog 6paonc

* MeA€tn oav SLATPOPLKO CUMTTANPWHO N
DOPUOKEUTLKN ouoia
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statistical correlation bioactive compound/s
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Terrestrial Plants

4 RN

Marine Plants and Animals

Preparation of Extracts

<@
(‘) y
L
Fungal Ferments
(whole broth + cells)
+

H ize with Omni-high shear

(air dry) (wet frozen)
Grind Mixed with dry ice and ground
Allow dry ice to sublime
Add water
extract by
centrifugation
1. Water Marc

Sequential Extrlon

1. Dichloromethane/
Methanol (1:1)

2. Marc Re-extract
with Water
i

2. Weigh, then
re-extract with

N

7 in presence of 10% vol methanol
'

Extract by partitioning
with equal volume of
dichloromethane (x3)

|
+

v
Filter thru paper to
remove cell debris

l 1. Dichloromethana
Solubles

l

i
Water-Soluble
Plant Extract

Rotary
Ev.

Organic-

2 Soluble

Plant
Extract

High Vacuum Drying

wn DCMMethanol (1:1) | =
0 0
Water-Extract Water-Soluble
of Marine Fungal Extract
Rotary Rotary
Evaporation Evaporation
e Organic- :.
§ Organic-Soluble ?::':::‘.7 .
- Extract of Marine Extract
High Vacuum Drying P
‘ — High rying

Biological Evaluation
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* BLodpaoTIKEC ovoiec umtapyxouv o€ OAeC oxeboV TIC TPOPEC

e ALYEC QIO QUTEC £XOUV e€eLOLKEVEVN Opaon- BepaTeUTIKA

e  XapoKTNPLOUOC TOUC Kal amopovwon BonBa otn ouvBeon BepameuTikwy
OUCLWV

e XapoKTnplopog Kat katavonon dpaonc fonda otnv emihoyn SLatpodLlkwv
ouvnOesLwv

* Katavonon 6paong Blodpaotikwyv ouolwv BonBa otnv mapaoKeun
AELTOUPYIKWV TPOPLUWV

* Meyalec 600€LC BLodpaoTIKWY OUGLWV SuvavTal va EXouV pUn erntbupnta
QTMOTEAECHOTO

e JUVOLAOMOC BLodpaoTikwY ouoLwV ota TAaiota TS Statpodnc xouv BeTIKN
enidpaon otnv vysia
Navta va eAEYXETE TIC MNYEG TNG MAnpodopiag KAl TNV MoLdTNTA TNG




