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Role of Nutritional Genomics in Brassica Vegetables in Cancer Chemoprevention

Patsakorn Wasaruchareekul’, Kawintra Tamprasit?, Natthida Weerapreeyakul>**
IJPS, 2022; 18(1) : 45-57

Received: 22 August 2021 Revised: 4 October 2021 Accepted: 2 February 2022

At present, the incidence of cancer is vastly increased compared to the past. Cancer chemoprevention information has,
therefore, gained more interest all around the world. It was reported that people who change their dietary behavior to eat more
vegetables had a reduction in cancer risk. This review article focuses on the biological evaluation of Brassica vegetables, as well
as their bioactive compounds with cancer chemopreventive activity related to expression of genes that play a role in
carcinogenesis, including oncogenes, tumor suppressor genes, DNA repair genes, and oxidative stress- related genes.
Differences in ethnicity are associated with polymorphisms in some genes that normally do not cause cancer. The interaction
between consumption of Brassica vegetables and gene variations is, therefore, reviewed. A decrease in carcinogenesis can be
via two main cancer chemopreventive mechanisms, which are (1) inhibition of the formation and stimulation of carcinogens
(named blocking pathway), and (2) inhibition of the development of cancer cells (i.e., progression, differentiation, and invasion)
through induction of cell cycle arrest and apoptosis (named suppressing pathway). The above mechanisms occur through
different signaling pathways such as Nrf2/ ARE, MAPK, AP-1, NF-kB, IGF-1, and EGFR. Information regarding the relationship
between the cooking process was also reviewed as temperatures and cooking times could significantly reduce isothiocyanate

content. Blanching is the best process that can retain sufficient isothiocyanate content for cancer chemoprevention.
Keywords: Brassica vegetables, glucosinolate, isothiocyanate, nutrigenomics, nutrigenetics
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NUNIUIBNUMIIsoigatuununeazns lnmaduwad
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LNAN1 Rel/Nuclear Factor- kappa B (NF-kB) ‘ﬁdﬁﬂﬂu
SURUEALMINAWVEILTRSNLSI iag9n NF-kB Snrif
lunsmuqunnsuaaseanvasbu igu RNNITUERIB AN
fusussminezwenlnda (anti-apoptotic gene) lefur the
B-cell lymphoma 2 gene (Bcl-2) Lm:ﬁuﬁlLﬁiUiﬂ'adﬂuu
ns:mumsm%mﬂmaaLfnaﬁmﬁa léun vascular endothelial
growth factor (VEGF) WL 8 ¢ matrix metalloproteinase-9
(MMP-9) 1 udis (Hoesel and Schmid, 2013) ngalus@iu
Rel Usznaudislyséiu 5 viia laln c-Rel, Rel A (p65), Rel
B, NF-kB1 (p50/p105) iaz NF-kB2 (p52/p100) WUNNTga
Ao NF-kB Tag ITC au13505089n 519190 upe9 NF-KB
fiv DNA Tag'lUsunaunisiadauda (translocation) 289 NF-
kB 1l lufefes drems v §isen dithiocarbamate
formation ﬁ'wy;vlmaaa (thiol) SUNIUNNILNA redox-sensitive
DNA binding L&2n13LaA88NU09 NF-kB n3adnnalnwnits
Lﬁ@mumiﬂmﬁ'umﬂ%ajﬁamﬁmma\‘i NF-kB laginé
NF-kB a23UnY inhibitors of NF-kB (IkBs) atlulolnwas
Ty Lﬁaﬁﬁaﬂi:@:funﬁdaé'rgrgﬂm IkBs azpnLinnyWamwa
(phosphorylation) lag kB kinase (IKK) complex LLﬁ’ﬁdgﬂ
¥aulag proteasome §IHaLA NFKB sansnLafauaaith
giaaduale ﬂ”ﬁifw,fiaﬂavlﬂmslﬁum‘jwamegmﬁ'uﬂea NF-
kB ‘5\1ﬂ'dmagiuvlmlﬂwmasﬁml,a:"l,iiaanqwﬁf(gﬂﬁ 2) N3
gosnalnilgonalwiAinnisarsuuuezwenlndavos
a3 ILRuNIndu LLﬂth‘.lJL%ﬂ’]iLﬁ]%tyLﬁuI@‘uﬂd
wraaaztTale (Xu et al., 2005) 8e19l3AANNANNFINITD
lunsfesriuuziiavesasaunus ITC anauandanuly

AU DENTANIINIBAIN ULAZAFULANIILATVDIETT
agw"mjf“lfu 9 duifiayprmfinandsnwliuszanveiong
AuAnEnInH (msnﬁ 2) A10819LT% na%mmanqw?
Tunstlesnuuzi5e81ldlng @15 SFN aan1sugasaan
2834 microRNA21 (miR21), histone deacetylase inhibitor
(HDAC inh.) L8 e human telomerase reverse transcriptase
(hTERT) L‘ﬁ. 4 C-terminal-binding protein 1 — C-terminal-
binding protein interacting protein (CtBP — CtIP) Lﬂsﬂuﬂ’ﬁ
Yi191%V B4 histone acetyltransferase / histone deacetylase
(HAT/ HDAC) lLazaan1iLgaiaanvyad HDAC3, P300/CBP-
associated factor (PCAF) La g lysine acetyltransferase 2 A
(KAT2A/GCN5) 817 AITC nan13¥iN91%Vad matrix
metallopeptidase-2,9 (MMP-2,9) L 8 ¢ mitogen-activated
protein kinase (MAPK) signalling cascades L8 ¢ mﬁmﬁn

N2 131l lufiaiases 515 BITC 1 Sudaid

phosphatidylinositol-3-kinases (PI3K/AKT) nan13vinduad
urokinase-plasminogen activator (u-PA) a8 @ N1 3L N @
phosphorylation 984 c-jun N-terminal kinase 1/2 (JNK1/2),
extracellular signal-regulated kinases 1/2 (ERK1/2), PI3K
Waz protein kinase C (PKC) lagnuinin13nan1ivinas
289 MMP-2,9 itnflaufinuluas AITC §2uans PEITC
ﬂ’uéﬁﬂ’lmamaanmad sevenless homolog-1 (SOS-1), PKC,
ERK1/2 .82 Ras homolog gene family, member A (RhoA)
Mile23n JNK wag mitochondria caspase cascade aAN13
LEaIa8aNVaY NF-kB (Soundararajan and Kim, 2018)

A13199 2 LRAINA NN aINUNLTS I@ﬂmsagwuuﬁmaa ITC luaipizNuand1dni aawLadann Soundararajan and Kim (2018)

CRLRE SFN AITC

BITC PEITC

* RANILUFAIDANVBY MiR21,
HDAC inh. ltae hTERT

« NANIVNNINWVAI MMP-
2,9 uaz MAPK signalling

« JUEINTUEAIBENVBY SOS-
1, PKC, ERK1/2 L8 RhoA

. SUE93A PISK/AKT

« NAMIINIUVEI MMP-2,9

g VP CBP-CUP WAuAouns  cascades uaz u-PA - Witk INK uaz
L R HAT/HDAC - witoah N2 Tl + aan3Lfia phospho-rylation Mitochondria caspase
* AANILLEAIDNVDI HDACS, eI RHE] 283 JNK1/2, ERK1/2, PI3K cascade
PCAF Laz KAT2A/GCN5 uae PKC « AANIURAI8NTDI NF-KB
- 5089 USF1 289 HDACS5 - RUMIUAAI88NTBY + AANILRAIaaNTaI NF-kB « AANIUAIaENTBI HER2,
- AANIUEAI8DNVDY Bel-2 mTOR uazluséiu Beclin-1  uaz RUNX2 STAT3 uaz PARP
WA ANNTUEAIBaNTBY Bax o nazdumMInwel * NITAUNTURAIDBNYDY P53- « ¥l# NAD*/ATP anas
LA < lfiAensugasean  CASP-3,8 uaz 9 LKB1 waz p73-LKB1 « dasnuwnsinawaadlilsdn

283 MAPK signalling cascades  « 8anN13llgadaanvay Bel-2

URZLNNNITULRSS aanTad

Bax

. Lﬁummamaanmaa FOXH1 HIF
LLa:Lﬁlu acetylation 183 FOXO1
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Go))
27872 SFN AITC BITC PEITC
< it Nri2 1ol B SIS TN T T3k * AANTUEAIBANYBY PKC * NIEdUMITNNULaY Fas,
DeILEHEY MAPK signalling ascades « NANNIYINIUVBY p65, MRPS2  FaslL, FADD, TRAIL, CASP-
e . ﬂi:@juﬂ’]il,l,amaan“uad * RANTUEAIDANVDY JNK ez MRPL23 3,8 U8z 9
ERK1/2 phosphorylation . ﬂi:@umiﬁﬂmumm CASP-3 * RANIULFAIDANVDY Bel Waz
* RANILUFANDANVDY MMP-2 * AANILLFAIDBNYDI TNF- Wae BAX LWUNNILEAI08NUDIBax ez
U8z CD44v6 O Az Bel-2 Bak
< NI phos-phorylation * RANILRAIDDNVDY * AANILRAIDDNVDY Ki67, * AANILRAIBNVAI AR
P89 ERK1/2 Lazaan13vinans Cdc25B, 25C, Bcl Uax Cyclin A, D1, uaz CDK2 . Lﬁummamaanmaa p21,
i 989 Ol-tubulin Cyclin B1 - §379 ROS Lﬁm‘fu p27 wae CDK inhibitor
aau « aanIHwUadlUsan 1AP - RMIUEAIENTEI NAC ez + SLHINMI1Lses DNA
gnwann family CAT methylation L&z HDAC
- RUANNAIRATEI NIF2 U2
PGC10l
- AAMINUBEI YAPT Ua  ldwumsdnm « HUEINIYNIREI MMP-2 « SUBINIYNIUTEI MMP-2
ONp63QL * NANIUFAIBDNVDY RhoA, uwae NF-kB
. ns:@i’unqiﬁ']mumaa Nrf2 SOS1 ILlas Ras * NANIILRAIDBNVDY RhoA,
RN « NANNINNUV DI . Lﬂ'ué'zyzywm MAPK signalling SOS1 uaz Ras
COX/MMP2, ZEB1 uaz SNAI1 cascades . a@é’tyty’lm MAPK  signalling
. Lﬁlu FAK cascades
- i3l FAK uaz GRB2
. ns:ﬁumiﬁwmwaa Bax e lejW‘iJﬂ']iﬁﬂ‘i:ﬂ - 8189 ERK1/2 uaz JNK nana . mﬁmﬁﬂmmamaaﬂmaa
p53 ANduaad COX-2 Fas W8z Fas ligand
e a * RANIURAIDANVDY Bel2 * RANIULEAIDANVDI MAPK - 519 ROS 1ANTW
U iunsusedeanues Bax uaz TFs - il GSH aaas
wae CASP-3 « NANTIINWUDY NF-KB LAz
AP-1
« TUMUMIYNNUDES Hsp90-  laiwumsdnm « UEII0 PIBK/AKT < IWUMILRAIBENDY
p50 complex * AANTTLEAIBANYDY FOXO1 8-oxo-deoxyguanine Was
£ ey . Lﬁ'umma@aaanmao Nrf2 ILae FOXO3a pHZ;,‘I\X foci
* AAMINTETAWN VIS * NRAUMIYINNUIEI H2A X - Wi e ferroptosis
NF-kB ez Chk2 * NANIHN9IUVBY Bel-2 hay
- ANNIUFAI8BNTEY STAT3 aaszaulysdu XIAP
NuMIfLe
miR microRNA PARP poly(ADP-ribose)polymerase
HDAC inh. histone deacetylase inhibitor NAD nicotinamide adenine dinucleotide
hTERT human telomerase reverse transcriptase ATP adenosine triphosphate
CtBP C-terminal-binding protein 1 HIF hypoxia-inducible factor
CtIP C-terminal-binding protein interacting protein ~ TNF-QL tumor necrosis factor alpha
HAT histone acetyltransferase MRP mitochondria ribosomal protein
HDAC histone deacetylase FasL Fas ligand
PCAF P300/CBP-associated factor FADD Fas-associated protein with death domain
KAT2A/GCN5 lysine acetyltransferase 2A TRAIL TNF-related apoptosis-inducing ligand
MMP matrix metallopeptidase IAP inhibitors of apoptosis
MAPK mitogen-activated protein kinase CDK cyclin-dependent kinase
PI3K/AKT phosphatidylinositol-3-kinases ROS reactive oxygen species
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u-PA urokinase-plasminogen activator NAC N-acetylcysteine
JNK c-jun N-terminal kinase CAT chloramphenicol aceytyl transferase
ERK extracellular signal-regulated kinases AR androgen receptor
PKC protein kinase C PGC1Q peroxisome proliferator-activated receptor-y co-activator-10l
SOS-1 sevenless homolog-1 DNA deoxyribonucleic acid
RhoA Ras homolog gene family, member A YAP1 yes-associated protein 1
USF1 upstream transcription factor 1 COX cyclooxygenase
Bax BCL2 associated X ZEB1 zinc finger E-Box binding homeobox
mTOR mammalian target of rapamycin SNAI1 snail family transcriptional repressor 1
CASP caspase FAK focal adhesion kinase
RUNX2 runt-related transcription factor 2 GRB growth factor receptor-bound protein
LKB1 liver kinase B1 TFs transcription factors
FOXH1 forkhead box protein H1 AP activator protein
FOXO1 forkhead box protein O1 GSH glutathione
HER2 human epidermal growth factor receptor 2 H2A.X H2A histone family member X
STAT3 signal transducer and activation of Chk2 checkpoint kinase 2

transcription 3 pH2AX phospho-histone H2A.X

XIAP X-linked inhibitor of apoptosis protein

@135197 3 uaasl faunuszniewndngwsasiuniisdesiunnzgneandladiiuauganunisuilnadnasznanznan

FannuLFsdlNIAaNESI aauladann Lee (2009)

SNPs a3/ NANIIANH o
Adnm CAREhTE UNaNNWS ARANSI ronanIendag
Ndnw L
GSTM1; GSTT1 Isothiocyanate wlni] GSTMI-null AL MIATIANL isothiocyanate Tu wziSdaa London et al.,
asn7z (RR[95%CI] = 0.60[0.43-0.84]) 2000
GSTM1; GSTT1 N“'nm:gan:ﬂﬁﬂ uwlnil GSTMI-null nu ﬂﬂiu%{ﬂﬂﬁﬂ@li:gaﬂ:%ﬁ%’] vz59dea Wang et al.,
(OR[95%CI] = 0.61[0.39-0.95]) (p = 0.05) 2004
GSTMT; GSTT1  dnaszganzwan  3lwlnd GSTM7-null uaz GSTMA-null GSTT-null iy wiz3slan Brennan et al.,
msu’ﬂnﬂﬁﬂngaﬂ:ﬁé;wﬂ'%mmgo (OR[95%CI]; 2005
0.67[0.49-0.91] W@z 0.28[0.11-0.67] ANEAL)
GSTM1; GSTT1 w”nm:gan:m‘;w 3ulnil GSTT7-null, GSTM7-null & both AL M35U3INA yziSsdaa Spitz et al.,
(Isothiocyanate) Nvﬂ"?'l'ﬁ isothiocyanate @;1’1 (OR[95%CI]; 2.22[1.20-4.10], 2000
1.79[0.95-3.37] & 5.45[1.72-17.22] anNN&GL )
GSTM1; GSTT1 N"'ﬂngaﬂ:vaéw 3lwlnil GSTT7-null, GSTM1-null & both AU MIV3LNA wzSelaa Zhao et al.,
(Isothiocyanate) N"'nnganmﬁwﬂ%mmgd (OR[95%CI]; 0.54[0.31-0.95], 2001
0.55[0.33-0.93] & 0.47[0.23-0.95] ML)
GSTM1; GSTT1 w“'ﬂngaﬂ:m‘ﬁ ilulnil GSTMI-null Au ﬂwsu%Iﬂﬂﬁﬂ@s:Qaﬂ:ﬁéw wzSelaa Lewis et al.,
(Isothiocyanate) ﬂ%mmg\‘l (OR[95%CI] = 0.27[0.06-1.33]) 2002
GST: GSTMT; N“'nnganwéfl 5Tulnd GST vanwa fu miuﬂnﬂﬁ'ﬂm:ganwéﬂ win  wzSedea Lam et al., 2009
GSTT1 (Isothiocyanate) isothiocyanate (OR[95%CI] = 0.74[0.66-0.84])

OR f@ Odds ratio, RR fa Relative risk, & Cl Aa Confidence interval
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Iﬂmuﬁu‘gma@ﬂuﬁﬂ aaznansndmuununmaduaddasnuuzi

WANT EITANTENA UAZAME

U na3znI198wNAUDIM13 (Nutrigenetics)
mmLLﬂw”umaw”u‘gﬂsmﬁLLm@haﬁ'usl,ul,wiaz
qﬂﬂa%?aim'jwL%ﬂ”ﬂwﬁlﬁ@mﬂﬂ’nuLmﬂ@hwaaﬁmﬁia
nd (nucleotide) 13 LAUILAE 1S8nTN &L (single
nucleotide polymorphisms; SNPs) WUIIA VLY IR UN
w”uqﬂﬁwﬂ”&ﬂdnﬁmwﬁuﬁuﬁﬁ'ﬂmwm%‘miumﬂﬁ@
Nz1597161 91 (Deng et al., 2017) Fan13uslnaswis/
ssomssatunioTasufidsnswadenmsiialsanziiouns
sfiaduiiafiafiudAndw (Ardekani and Jabbari, 2009)
miﬁwqé'mg'mmaaﬁuﬁlﬁu'ﬁaaﬁumazgﬂaan%"lwﬁﬁu
NN (oxidative stress-related gene) édwaa@ﬂ’nmémlu
mafensSiwsrialdedeftudany Weldsu 1ITc wse
w“'ﬂngaﬂ:%é’] (@139 3) (Lee, 2009) GST sauduiui
Lﬁm‘ﬁaaﬁ'um's:gﬂaangﬁvlwﬁl,ﬁuauqas‘fﬁLﬁT’]iﬁmauvlfnﬁ
P3aRBITEEA 2 TN NLIINNITLe0N I TABIINN
sInevziiseananimeriud jisengarlslaunaugin
T4 &9 GST sanngnuiidaaniaidungudesdnnanunga
LL@imjuﬁwummé’uw“uﬁ{maamiﬁwwﬁ'mgmmmﬂuﬁ'umi
Iauzt3alines 3 mjuwhifu léun GSTM1, GSTT1 uaz
GSTP1 @9 GSTM1 uaz GSTP1 fauswisalunisusa
§13naNzLId %ﬁ@‘ﬁllﬁflu polycyclic aromatic hydrocarbons
(PAHSs) L% benzo[a]pyrene LLaz mycotoxin aflatoxin 1 udn
§7% GSTTT s1u13nvsas1snonsi5iMidu reactve
hydrocarbons Aaurarannin'le 1u ethylene oxide g
diepoxybutane (e (Helzlsouer et al., 1998)
MMILUIHUN N UTNIINBIHU GSTMT Uaz
GSTT1 ugadliidunmaiianisianie e fin (deletion)
WNAITODAT 67 UAz 54 MNAIAL NN ITTBINITIF
fupadfin GSTMT uas GSTTT asfifrauiuafinanonsoni
agl;aa\‘l"ﬁ'”lx‘l (extensive homologies) luw°uﬁ:ﬂﬂ§ (wild-type)
azilsznaudisdunuiun (homozygotes) iugnia (allele)
Arnauleranassada (present) udlilofinitssadainuia
wigldandunIaiTundt Bunugnn (heterozygotes) &IKA
dadszAnimwnsviauzasanlodvinldanusansaly
nIrrsnastenlsinirasdianasnnistenas 50
(Ginsberg et al., 2009) uaiiafuaranielunsdn (whole
gene deletion; GSTM1*0 wae GSTT1*0) LAANITIINNG
maaﬁw‘"muaﬂgmaw‘m (homologous recombination) vinlot

o

fnauiuaneldiiaidu null allele (homologous deletion)

fanaliauFINITaluA I uTadew loddUSumtas
wnuazdnadanisiiuanuFslunndnuzisounsoie
(Ramirez et al., 2019) a3 Inwindidu GsTMT uaz
GSTT1 null allele 39fianusunusAumMIRNANLFDslW
mfiauziefinnnia (Sgambato et al., 2002) Fanaifia
MIudskunIRUINTINaInaINUAMULandiuldaw
\Ha1d WuhanuAves GSTTT null allele TuautaiBoges
ounz 40-60 uanuluTamidu 9 INeNU Tz MwiBaas 20
¥t §2% GSTMY null allele wumwﬁﬁlﬂﬁﬁmﬂ”ﬂunn
Wamadszanmiasas 50 vilvenananleinawadediiie
GSTT1 null allele waz GSTM1 null allele 9 838a2101FD 3
anﬁ@]w:ﬁaﬁgan'jﬂm%ﬂmwﬁﬁu (Kasthurinaidu et al.,
2015) #1uEu GSTPT satdudndunitsnwunisudsiuma
WHINITUULULY §LABIUN AT (single base pair
substitution) nLUFaz AR (adenine; A) ldidwuaniniin
(guanine; G) 'ﬁ'@;ma 313 GegsnaliiAnanuuandapes
nsaazdluanlalafafu (isoleucine; lle) luiduanan
(valine; Val) filaaan 105 n13dApuudasasnsnduaaa
ANuRINNTD AT uTadtan ] GSTP1 a9 uazina
WANANLEBIR BN TNz IS98 M (testicular cancer)
wazNzi5InsziwnzUaa2e (bladder cancer) L6 (Harries
et al.,1997) M3tdu null allele F9NalALUILENTAINVBINT
voulagsananadnszn uanananiowls’ GST az139ms
TUBANVBIRIINBNLLTILAD HIRINITOLIINITIU BNV
T ldnnuAsmasnanguiu asiunsfowlsd GsT
ladsusarinulensarinuldanas 3sssnalinidvesn
284 ITC TadlUdrs Lm:ﬁ'dmﬁﬂ?mmgﬂuiwmuﬁﬂﬁ

smuntneangniidwaidasnuuziSele (Steck et al., 2007)

una gl
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