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General Features of ITCs

» Cruciferous vegetables contain
vitamins, minerals, other nutrients,
and chemicals known as
glucosinolates

> Glucosinolates break down into

several biologically active compounds ~ R_ fS“**GIucnﬁe
(e.g. ITCs) which are being studied for 'ﬁ: -
possible anticancer effects NOSO5~
. Glucosinolate
» Some of them have shown anti-cancer _ _ _ |
M}T{JSIHEISE released b'].f r:hc:ppmg or chmwng cruciferous "-I'EEE[EINEE breaks

effects in cells and animals but studies o, giicosinolates to isothiocyanates, releasing glucose and sulfate in
in humans have been inconclusive) the process. “R” designates side chains of other elements in the molecule.
C=carbon, S=sulfur, N=nitrogen

H50 Glucose  HSO4~

N A, AL Rn—c-s

Myrosinase Isothiocyanate
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Major Dietary ITCs Of Interest

Sulforaphane (SFN)

Iberin (IBN) \/S\/\/N—C—S)

Benzyl-ITC (BITC)

Phenethyl-ITC (PEITC)

Allyl-ITC (AITC)] H2C w " 2 C

Mitsiogianni et al. Pharmacol Ther, 190: 187-201, 2018

SFN
IBN

BITC

PEITC
AITC

GL-ITC
Precursor

Glucoraphanin

Glucoiberin

Glucotropaeolin

Gluconasturtiin

Sinigrin

Food
Source

Broccoli
Brussel sprouts
Cabbage

Cabbage
Broccoli

Cabbage
Garden cress

Watercress

Broccoli
Brussel sprouts
Cabbage
Mustard greens

61
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78

229
70

78
392

94

61
236
78
282
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Modulation Of Various Cellular

Pathways By ITCs

Block
angiogenesis and

/ metastasis

Induce cell cycle ammest
and

apoptosis

/

clnhlbil HDAC
t acetylation

Induce p38/ERK/JNK/AKt

Pro- and anti-inflammatory proteins
Pro-and anti-angiogenic properties
Cell cycle regulators

Pro- and anti- apoptitic proteins

(

/

\

Induce oxidative stress

Mitochondria
dysfanction

T

caspases

(

Modulate detoxifying enzymes
t GSH,UDPG, QR etc.

(

{ Cytochrome P450 enzymes

> Inhibition of Phase | and induction

of Phase Il enzymes

Induction of cell cycle arrest (mantso
et al., Anticancer Research 36: 6303-6309, 2016)

Promotion of apoptosis (Mantso et al.,
Anticancer Research, 2019, in press)

Modulation of epigenetic response
v" HDAC inhibition
v" DNMTs inhibition
v" MicroRNA modulation

Anti-angiogenic and anti-metastatic
properties

Mitsiogianni et al. Antioxidants, 8(4): 106, 2019
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In Vitro Model of » HaCaT

cells

Human Malignant Melanoma

> A375
cells

Stratum corneum
Stratum granulosum

» A431
Stratum spinosum cells
Stratum germinativum
(basal layer) Wi

X

s
¢

——
Melanosome

»HS294T
cells
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Toxicity Profile of AITC

-
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A375 HaCaT A431 vMM1 Hs294T B16-F10
EC50,,, (uM) 15.6+4 ND ND ND 21.7+4.1 ND
EC50,4, (M) 12+ 0.7 ND 43.4+15.8 ND 21.3+6 14.9+3.7

Mitsiogianni et al.
Eur J Nutr, 59(2):
557-669, 2020
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e Toxicity Profile of SFN, IBN, BITC & PEITC

A375 HaCaT A431 VMM1 | Hs294T | B16-F10
E(C"i%‘“‘ 15.7£0.15 | 21.6 +2.00 | 46.05 + 12.04 |35.3 + 11.7| 8.97 + 0.8 [20.88  2.00
SFN
E((,:S\%Sh 15.6£2.4 | 233224 | 20.87£0.96 [24.11£1.3[ 6.5+ 0.12 | 1537 0.5
E(C"i%““ 8.3+£1.06 |23.56+4.4 | 48.51+16.1 | 50.5+9.5 | 11.3£2.6 | 21.09 0.9
IBN
E(C"i‘i‘;’“‘ 8.6+0.7 | 23.6+1.9 | 1526+1.8 (23.05+1.2|8.96+1.6|19.97+5.4
o O
> o \/\/\N/’ /S ~_ >~_N=C=S
SFN IBN

Mitsiogianni et al. Eur J Nutr, 2020 (in press)
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Overview Of Cancer Epigenetics

GHOST

IN YOUR GENES

: "second genome”

*af.
!

Epigenetics (above genetics)
Stable and heritable changes
in gene expression and
chromatin organization but
independent of the DNA
coding sequence itself

Me Unmethylated Methylated
CpG CpG
—— ST G AT - I
y The two main components Promoter
of the epigenetic code ;
Hypomethylation
DNA methylation {}
Me Methyl marks added to certain Y T T |'T‘T‘?‘| T

DNA bases repress gene aclivity. I-.

Silencing of tumour
suppressor gene

Activation of
proto-oncogene

- ([
114 i methylation

2 e 13 tail < Ub
n

acetylation

Histone modification
A combination of different
molecules can attach to the “tails’
of proteins called histones. These
alter the activity of the DNA
wrapped around them.

ubiquination

SU| sumoylation

9
e
Chromosome 4 H3ail

L @ phosphorylation

The figure illustrates nucleosome madels and major posttransiational

modifications which play essential roles in gene expression regulation
and disease processes



A Concept of Epigenetic Diet: How What

We Eat Could Affect Tags on Our DNA




EGCG

(green tea)

Sulforaphane \/ ~ 1 Resveratrol

(grapes/red wine)

Selenium —{

87 (Brazil nuts)

/f/f?/ YOQO\

) If Genistein

(soybeans)

Dietary Inhibitors of DNA
Methyltransferases

K Hypermethylation of CpG \

dinucleotides, by DNMTs, usually
results in transcriptional gene
silencing and gene inactivation

> Several bioactive compounds act
as dietary inhibitors of DNA
methyltransferases and also alter

gene expression via epigenetic
mechanisms /

Hardy, TM & Tollefsbol, TO. Epigenomics, 3(4): 503-518, 2011
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Dietary Modifiers of Histones

&Bioactive compounds can alth

Genistein | Curcumin EGéG HATS and HDACS by CaUSing

(soybeans) {curry) (green tea)

conformational changes in
chromatin structure thereby
altering gene expression

» HATs induce a relaxed chromatin
state indicative of gene
expression whereas chromatin in

its closed state is indicative of
ngne silencing and repression/

Resveratrol  Sulforaphane Selenium Curcumin  Genistein  Allyl mercaptan
(grapes) (broccoli) (Braziian nut) (curry) (soybeans) (garlic)

Hardy, TM & Tollefsbol, TO. Epigenomics, 3(4): 503-518, 2011
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DIETARY COMPOUNDS
EC, ECG, EGC and EGCG

Resveratrol

Curcumin

Genistein

Isothiocyanates, sulforaphane

Selenium

Allyl mercaptan, organosulfur
compounds

Folate

Alcohol

FOOD SOURCES

Green tea

Grapes, peanuts, mulberries,
cranberries, blueberries

Tumeric, curry

Soybeans, fava beans

Broccoli, cabbage, kale, watercress

Brazilian nuts, chicken, game meat,
beef

Garlic

Beans, grains, fortified breakfast
cereals, pastas, green vegetables

Alcoholic beverages

EPIGENETIC FUNCTIONS

DNMT and HAT inhibitor, modulates
miRNA

DNMT and HDAC inhibitor

DNMT inhibitor and miRNA modulator

DNMT and HDAC inhibitor, enhances
HATs, modulates miRNA

DNMT and HDAC inhibitor
DNMT and HDAC inhibitor

HDAC inhibitor

Deficiencies alter DNA methylation
patterns

High consumption increases promoter
hypermethylation

Hardy, TM & Tollefsbol, TO. Epigenomics, 3(4): 503-518, 2011



W o Histone Modifications Capable of
Altering Gene Expression

@ > Phosphorylation (. ——>Histone H2A (.%H stone H4 ‘ ——> Histone Hl I
- —> Acetylation

U+ ——— Ubiquitination
' —=Hi i —— —> DNA
v ——> Methylation Histone H2B \ — > Histone H3 &

KHistone N-terminal taim

has a crucial role in
modulating nucleosome
structure and function.

» Various modifications on
different residues of
histone tail are shown

» S, T, Kand R represent

Serine, Threonine, Lysine
& Arginine respectiveld

Biswas, S & Rao, CM. Pharmacol Ther, 173: 118-134, 2017
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(A)

Ctrl AITC

HDAC 6

T T———

HDAC 4

CBP

Acetyl CBP| -

/p300
H3

(B)

Ctrl AITC
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‘ e -
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(HDACs 6 and 4) (CBP, Acetyl CBP/p300)

N/

Decreased Histone
Acetylation

|

v AcH4KS
v AcH4KS
v AcH4K12

I

Decreased
SET719

Decreased Histone
Methylation

V H3Kdme3

Mitsiogianni et al. Eur J Nutr, 59(2): 557-669, 2020
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HDAC 6

HDAC 4

HDAC 2

HDAC 1

CBP

Ac CBP/p300

GCNsL2

H3

PCAF

H3

Ctrl SFN IBN

-— e

-

CBP

e B

—

——

Ac CBP/p300

GCNSL2

— = SFN & IBN Induce The Epigenetic
Response

AcHIKS | e |
acnacs [ - —
AcH4K12 |v — I

H4 | |

CTRL SFN

AcH3K9 |-‘-|

T —
AcH3K14 I —

e
AcH3K18 I SR—

u | O

IBN

AcH3K27 |- -— ‘l

H3 |FI

IBN

Ctrl

[ T ]

2 |

-

CTRL IBN

H3K36me2 | A
H3K79me2 |_- |

HIKIme?2 | e — |
1| e—
CTRL SFN
H3K36me? | u— S—
H3K79me2 —-l
[ — e |

HIKOme? | comm—
s |—

Ctrl SFN IBN

Mitsiogianni et al. Eur J Nutr, 2020 (in press)

SET 8 -_— ew . . |BN SFN
SET7—9|. . _.._l
H3 |~|
]HDACS 6,42&1 CBP, | SETS \PCAF
Ctrl SFN IBN AcCBP/p300
H3K36me3 |‘—-—-— | TSET7-9
H3K79me3 | R — |
H3 |_——"‘I
H3K36me3
H3K9me3 |—__| ACH4K8, 3K med
AcHIKL,
- y AcH3K18
AcH3K27
H3K9me?
H3K79me? AcH4KS
AcH3K9
AcH3K14
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Decitabine (72h)- AITC
(48h)

—_
[\
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]
S

D
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N
je)

Cell Viability (% of control)

[\
S

== Decitabine + AITC (10uM)
=== Decitabine

]

DR I I TN

Concentration (uM)

Pre-treatment with Decitabine,

for 24 hrs, followed by co-
treatment with AITC and
Decitabine for 48 hrs

Mitsiogianni et al. Eur J Nutr, 59(2): 557-669, 2020

Image courlesy of David Steensma, MD

Inhibition Of DNMT1A Potentiates the

Effect of AITC

DNA Methyltransferase Inhibitors
(“Hypomethylating” or “Epigenetic”
Agents)

I I°re T

CH CH
=] [=] R ﬂl—‘-l:
Cytichine S-Maethyl- S-fra- S5-Aza-2"-
cytidine cytidine deaxycyticine

(azacitidine) (decitabine)
Incorporates into RNA Incorporates into DNA

...lli"

DMMTA x

can't 'E \ /
make -

::&Thy!— :: : E?n!ds. to, a::nd irreversibly
cytosine - inhibits, “maintenance’ DNA

methyltransferase 1 (DMNMT1)

If a tumor-suppressor gene is not being transcribed in a malignant cell, treating
with a DNA-methyltransferase inhibitor can open the chromatin and change the
level at which transcription is occurring, thereby killing the malignant cell. This
is the hypothesis for how Azacytidine and Decitabine are working in MDS

www.medscape.org
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Activation of tumor
suppressor genes
(e.9., p21, p27)

Inhibition Of HDAC Potentiates

the Effect of AITC

Panobinostat

Histone Nonhistone
(epigenetic)

Cytoplasm

e -
-
"

e ©

--
________
........

Accumulation
of misfolded
proteins

Aggresome

Panobinostat (72h)-AITC

_ (48h)
g

£ 120

3

S 100

=]

< 80

z 60

'-g 40

Z 20

-]

o 0

N
o°

Concentration (nM)

== Panobinostat + AITC (10uM)
--==-Panobinostat

CCR Drug Updates

AACR

Pre-treatment with Panobinostat, for
24 hrs, followed by co-treatment with
AITC and Panobinostat for 48 hrs

Mitsiogianni et al. Eur J Nutr,
59(2): 557-669, 2020
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Inhibition Of HAT Potentiates

the Effect of AITC

EGCG, GTP
Genistein

NaButyrate
MSP, KMSB
SFN, PEITC,
Detoxi- PHI, DADS,
g fication ) AM, Apicidin
EGCG & Cell growth Curcumin
L_ E . + Cell gycle arrest \ Garcinol |
Curcumin * Different_iaﬁon Anacardic acid
l Resveratrol #* Apoptosis
n-3 PUFA # Inflammation chumnl
PTEN AKT & # Invasion/metastasis
Gen-stem SIRT18 . % EMT phenotype DHC

Senescence

TCF E2F
EGCG, GTP

Genistein
. TSA SFN
Coffee polyphenols | NaButyrate —J RaG

Genistein, RA
Soy isoflavones
Lycopene

www.researchgate.net

Anacardic acid (72h)- AITC (48h)

g 120
g

>4 100
3

S 80
Z 60
= 40
3

- 20
S 0

p &*0\ 5 X H R \QQ \@

Concentration (nM)
= Anacardic acid + AITC (10uM)

=« = Anacardic acid

Pre-treatment with Anacardic Acid, for
24 hrs, followed by co-treatment with
AITC and Anacardic Acid for 48 hrs

Mitsiogianni et al. Eur J Nutr, 59(2): 557-669, 2020



OH
HO~ -0
\ S

; S<0
Glucoraphanin HO

OH

|
NO-503
K*

0 Myrosinase
] ‘

S
SFN (parent) NN\ NNES
I l Glu-Cys-Gly
SFN-GSH S . NCS
e
"
SFN-Cys S N}-.S
HS L NH2
l COO
SFN-NAC g
S
AN
Nyg 0
HS L NCots
COO-

SFEN-Cys/HDAC

Epigenetic Therapy & HDACi

Modelling of ITCs as HDAC inhibitors
by computer-aided drug design

HDAC 6

H3

Order of HDAC inhibition by SFN in vitro:
SFN-Cys > SFN-NAC > SFN-GSH > SFN

Rajendran et al. Crit Rev Biochem Mol Biol, 46(3): 181-199, 2011

Ctrl

SFN Ctrl

IBN

o

o  E—

- -

———

'lllIllllllllllll||||||||l||

Ctrl AITC

—

R

Mitsiogianni et al. Eur J Nutr, 59(2): 557-669, 2020
Mitsiogianni et al. Eur J Nutr, 2020 (in press)



W i Epigenetic Therapy & HDACi

J_ Invest New Drugs. 2012 Dec;30(6):2303-2317.
% Phase 1 clinical trial of the novel proteasome inhibitor Marizomib with the
\ histone deacetylase inhibitor Vorinostat in patients with melanoma,
Histone Non-histone pancreatic and lung cancer based on in vitro assessments of the combination.
Br J Cancer. 2009 Oct 6;101(7):1044-1050.
\ M Phase | trial of Vorinostat and Doxorubicin in solid tumours: histone

w deacetylase 2 expression as a predictive marker.
/ Melanoma Res. 2008 Aug;18(4):274-27
generation

Apoptosis \

Multi-center phase Il trial of the histone deacetylase inhibitor
Entinostat in pre-treated metastatic melanoma.

m«m Anti TBPZT
| — Clin Cancer Res. 2009 Apr 1;15(7):2479-2487.
b B|mT BaxT Bakt Potentiation of a topoisomerase | inhibitor, Karenitecin, by the
arrest DNA damage VEGFlHIF 1o} histone deacetylase inhibitor Valproic acid in melanoma:
B B w and repair VHL?, P53t translational and phase /Il clinical trial
bk b ey P RO | '
___/ CDI_(,L__‘ - S Br J Cancer. 2009 Jan 13;100(1):28-36.
- w70 l, Kugt+ A phase I-ll study of the histone deacetylase inhibitor Valproic acid plus
RADS1/,BRCAL/2} Dacarbazine and Interferon-a in patients with advanced melanoma.

Mottamal et al. Molecules, 20(3): 3898-941, 2015
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