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Cytochrome P450 and Cancer

Young Sook Hong
Department of Biochemistry, College of Medicine, Ewha Womans University

The cytochrome P450(P450) are a large group of constitutive and inducible heme-containing
enzymes, which have a central role in the oxidative metabolism of a diverse range of xenobiotics.
The majority of chemical carcinogens require metabolic activation before they interact with cel-
lular macromolecules and can cause cancer initiation. The xenobiotic-metabolizing machinery con-
tains two main types of enzymes : the phase I P450 mediating oxidative metabolism, and phase
II containing enzymes. Activity of some enzymes implicated in the metabolism of carcinogens
presents a great variability between individuals due to the existence of a polymorphism in gene
coding for P450. Individual P450s, especially CYP1B1, are overexpressed in different types of
tumors. The increased expressions of P450s in tumors is highly significant and is important for
understanding tumor development and progression. The tumor- specific expression of P450s pro-
vides the basis for the development of novel diagnostic and therapeutic strategies.
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Fig. 1. Representative reaction catalysed by P450. RH re-
presents a broad range of classes of chemical
compounds. The P450-catalysed reaction results in
the stereospecific incorporation of oxygen into the
substrate . the hydroxylated metabolite can then
be further metabolized by a range of enzymes
including epoxide hydrolase, glutathione-S-ransfe-
rases or glucuronyl transferases. The outcome of
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~—the P4S0-catalysed reaction-is-usually-deactiva-
tion, but in some cases activation of the substrate
to areactive infermediate can occur.

T o1 USI A CYP2CRSI TRl A2 o] &
AHRT, 7t P4509] chet o] FsjAdgat 4

Table 1. The classification, nomenclature, and representative substrates of xenobiotic-metabolizing forms of hu-
man P450s. The P450s are divided into families, sub-families, and individual forms based on nucleic acid
homology. The substrates that are listed are all potential carcinogens or anti-cancer drugs(? indicates
that there are no known carcinogenic substrates)

P450 family P450 sub-family Individual P450

Substrates

CYP1 CYPI1A CYP1A1
CYP1A2
CYP1B CYP1B1Y
CYpP2 CYP2A CYP2A6 Aflatoxin
CYP2A7 ?
CYP2A13 ?
CyP2B CYP2B6
CypP2C CYP2C8
CYP2C? paclitaxel
CYP2C18 ?
Cyp2C19 ?
CYP2D CYP2D6
CYP2E CYP2R1
CYP2F CYP2F1 ?
CYpP2J CYP2J2 ?
CYP3 CYP3A CYP3A4
CYP3AS5
CYP3A7

Polycyclic aromatic hydrocarbons
Heterocyclic amines, flutamide
Polycyclic aromatic hydrocarbons, heterocyclic amines, oestradiol

Aflatoxin, cyclophosphamide
Benzopyrene, paclitaxel

Methylnitroaminopyridyl butanone (NNK)
Nitrosamines, ethanol, benzene

Aflatoxin, polycyclic aromatic hydrocarbons, ifosphamide
Paclitaxel, etoposide, vinca alkatolds, tamoxifen
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——» Cancer

Fig. 2. Gene-exposure interaction in cancer susceptibility to environmental cancer. The ubiquitous procarcinogen
benz[alpyrene is used as an example. CYP, polymorphic genes encoding various CYP enzyme forms ; GST,
genes encoding glutathione S-transferases ; ST, genes encoding sulfofransferases.
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AzAs PO 2 CYP3AS7 YA o SRt
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Hog HAMEA sigol CYP2B7, CYP4B13} P450
reductase’} EAetT Y&-& FAs oY AT viw
sto] ZAASACh 28l P450 @ HolEE AYE
o B FARE B-actin®] AAE AN F9 A
E 344 gk 89L& gigick
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AAF 154 AWl P450 FEL B AT
7h Qo AA Fgoll o] AT WA Yt) olE F
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o7t Poid Fo] U= Uk HEY}e) vwe F
A et Ao Qo B0 gl 223} y
aA 7teliAE CYP3AS) CYP2C7E 7b4adtol vk
Bk zzelu o] B4E mAle} Bapt ollz, FUE
ofd zha}e] Alolg THsAE BT, CYP3AE =
AZAT o2 7 Qe Ao] HRIE oY CY-
P3AS BN FU%9) = AT A} PA3) 2

2

ek Murray 5% 2} Fritz, 50 71010) 249 717} 429

(13/41) 8} 14%(2/14) 9] CYP3AS] WS whgA S
ERLE, 2k Q7 tide) 69%71 HejukeAdo) gk
3 B3 bl Qg

P450 S¥Ynt & AYS

B F59 P450 - AAHCYP1AL, CYP2D6, CYP-

Table 2. Functional importance of polymorphism in human P450s involved xenoblotic metabolism

Enzyme Substrates Frequency Functional effects Clinical effects

CYP1A1 Carcinogens Relatively high Unproven No

CYP1A2 Drugs, carcinogens High Polymorphic induction Yes

CYPI1BY1 Carcinogens, Rare null alteles At least seven haplotypes Yes, glaucoma
estrogens with similar activity

CYP2A6  Nicotine, drugs, Frequent missense mutations  Important for nicotine Yes
carcinogens High in orientals metabolism

Less frequent in caucasians

CYP2B6  Drugs, Relatively high
CYP2C8 Some drugs, High

CYP2C9 Drugs, Relatively low
CYP2C19 Drugs High

CYP2D6  Drugs

CYP2E1  Carcinogens, solvents, High

some drugs
CYP3A4  Drugs, carcinogens Low
CYP3A5 Drugs, High

Reduced drug metabolism Yes

Taxol metabolism (Yes)
Very significant Yes
Very significant Yes
Very significant Yes
Not shown No
Some variants have (Yes)
functional effects
Significant (Yes)
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Table 3. Selected human xenobiotic-metatbolizing CYP isoforms and examples of human tissues and procarcino-

gens activated by them

Feature CYP1A1 CYP1A2 CYP2A6 CYP2D6  CYP2E] CYP3A4
Genetic Yes* Not yet Not yet Yes Yes Not yet
polymorphism known known known
Tissue of Liver, lung.  Liver Liver Liver, lung, Liver, Liver,
expression urinary intestine,  infestine, Gastrointes-
bladder, kidney. lung, final tract
placenta brain leukocutes
efc
CYP-activated  BP, other Aromatic Mycotoxins Tobacco- Tobacco-specific Mycotoxins
carciongenic or PAH amines, (AFB1), specific nitrosamines (AFB1, AFG1),
procarcinogenic compounds nifrosamines, Aromatic Nitrosami-  (NNK, NNN), BP, hormones,
subtrates (from tobacco-specific amines, nes(NNK) styrene, 1-nitropyrene
ambient air, nitrosamines nitrosamines, vinyl chloride,
tobacco smoke, (NNK) tobacco-specific benzene,
dietary sources, nitrosamines butadiene
work environ- (NNK)
ment)

= : Yes indicates that genetic polymorphisms have been found for the respective gene. Abbreviations AFB1, afla-
toxin Bl : AFG], afiatoxin G1 : NNK, 4-(methylnitrosamine) -1- (3-pyridyl) -1-butanone, NNN, N-nitfrosonornicotine

2EDE2 3AE 7HA3 Qick(Table 2). o] thg/do]
P4509) 3} 7158 BEE) 9L v o F
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& wslth, CYP isoenzymeS-S oj2] £79) A4 o &
A9 A3E Zu|sk= phase I E40|th. CYP1A1S
BPoL} dimethylbenzanthracene (DMBA) & 222 PAHs
Z gt FA3A7IE 54T, F9d A 5ol 84
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de &Y AHEE FA Ak wet 2RI, o
3 FAREL 24 o} =3 A% FAAES 10wl
WA Eot o] Aol ZFREARlAE AP &
At 94-& BAFIIP®, CYP1A2%E aromatic amine,
heterocyclic amine, nitroaromatic 38E, AdEA,
A 22 SFES] Al @4 Bejsith

CYP2A6+F VIRF 22 g} A7) Aea d
PELS Xl QA T SAEHoE Fo] 9l
+ 9] SIEE Alstel Bojdth CYP2A6 37t
748 Hol iR B, o] Wold diEAA
212l FE534 (homozygosity) & thrlsle Zdgoes
3tk CYP2A69] ThAlS: o) s gln #o)
CYP2A6 thsdfdatsl wigt Alol] Agdel chgt AT
= @50 A,

CYP2D6x thkst X5 k59 tiAlel #ojsie of
20 #¢] wigske YFEHoE e Fa3 CYP-
2D6E EE gl 7] £l Y& nitrosamined] &4
o #ostn UzEY dirle] Beisiht

CYP2E1+® N-nitrosoamines, #Al, ~&jdl, AM3}
B, g 2 TE, eSS 2E & 2gER)
339} At ZHeol| o] H8& stk CYP2EL 4
2] T8 FQ3 ool ERlESITh & HAL 23
H2oll 9= Rsa I/Pst 1 T34 F-4)9} intron 61 3}
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= Dral tdAdeld) o8] d7ol st o]
AR ofrlolele] oA FA 8ol Tkl 2L
AQlel e B4o] woprickn B3 Eg™

CYP19 #3A:= HAEAHET AT ZAEITo] 20
A oAERZAe] BEE W& Fuldke aromatase
2 ¢33l 07V CYP19 HAAS Tl #t
A7t Bu =Hded 1 $9) shhe exon7olM C7H T
2 Wolg)o] 264W ofu|Alo] Argolld CysE uHl+
702 olrolloA ui$- Ealy ke ol H
Fgo] 2L WAURE 4AZN?, CYPIBIL AAE
2A19] FHEE dAPEE 4—hydrcrxyestradlol«l A4
ol o] 3?2, CYPIB1 829 exon 39 Q&= C7F
GZ Wo|go] 432 0}!‘!]5-_*101 Leull Valo.z vl
A "k o] Leu/Leu F-AAY L ofrjolel &
o} WPHES EojZF= 20T KB HAcl?, g8} o
ghoje Ane Pof. gElelA Ao $57 CYP19
Arg264 Cys CFdAdol Qake Fo] fretk ¥ 8ol &
g4 4 9ley), CYPIBL Leud32 Val thgAell= 1
Aghe Balrps RUE %EFs:x).

ik oj2) 71X19] P450 fAzke tAdE 7R, B3
ZAolA ¢to g whbdE JURE FyMIIe A #-
o] k. ZA7te] P4505-2, 53] CYPIBIS A& e
3o FokollM ahikd Hw Qluk FUolA P450ES] &
d 7k 159 48 7Y FRo R BHs
AYP & olsfsh= bl % Aol T HE 5
o]# P4509) WL A2 FPo| Ay X5 Mo
2 WAk bl 7127t 5 ot

B4 O : Cytochrome (P450) - ¢ - tF3A.
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