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Purpose: CYP2D6 and N-acetyltransferase (NAT2) are poly-
morphic enzymes which are expressed in the hepatocyte in
a genotype-determined manner. They are known to be in-
volved in the inactivation and activation of various mutagens
and carcinogens, respectively. The activities of the two en-
zyme systems are associated with the genetic susceptibility
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of many human cancers. 4] =

Methods: This study was performed to determine the geno-

type frequencies of the two enzyme systems in primary he- Aol 2] W Absl = ¢ke] ok 80% & 3 EA Y] w9} 3}
patocellular carcinoma patients and healthy controls. One AZF geka skeh (1) R $HAA wek EAL o 21|
hundred healthy controls and 55 liver cancer patients were 2 ek S Zh7] EalA|uk, oA WellA] AR RS A
analyzed by polymerase chain reaction-restriction fragment A Fol W]2a WY S 2L BAT wa] "ok 1S
length polymorphism (PCR-RFLP). EEE o olgat FAA 9B BAZHEY A4S B
Results: In the healthy controls, the CYP2D6 wild type allele o™ c e TETEET U= =8O
frequency was 0.985 and the CYP2D6*4 frequency was = 7IAE 7ML GolA 2R SRS vk s Sehs
0.015. No CYP2D6 poor-metabolizer was detected. No signi- Ao dHA 9k o|d 7|l AL AW asLAlE
ficant differences were found in the hepatocellular carcinoma =7 phase I 479} phase Il L A4A| 2 B-7% =1, phase
patients group. Among the controls, the frequencies of F, [ $4A1% 9wl yio] ulel B9 343} A] 7| = 2
S1, S2 and S3 alleles of the NAT2 system were 0.725, 0.01, 29 3} cytochrome pd30 family (CYPs)7} W] o]w,

0.14 and 0.125, respectively. The genotype frequencies were

FAE BT FOrEL 2 S pEA] ] 7
found to be 0.91 for the rapid acetylator and 0.09 for the phase Il 5271 &4 skl ka2 vl@4 A7l 4

slow acetylator. No significant differences were found in the & 3= 21L& glutathione S-transferase (GST)2} N-acetyl-
hepatocellular carcinoma group. transferase (NAT)7} th3E# Q1 of|o]c}.

Conclusion: The distribution of CYP2D6 and NAT2 Phase I & A& Aol| 2]&}o] 2HA]3}x ulekE-21.2- DNAS 2
polymorphism is very unique in the Korean population, as glslo] DNA adductS 8 AJs}, o] 9d7]9] wsE %y

charactetrizbeti by th((aj ?\lx;r;_e?elr low frterlqutencycglfD Z%EPZDS s}7] 5o} kS Al A| ek whalA), phase 1 2 phase IT
oor-metabolizer an slow acetylator. an o g

EATZ polymorphisms did not seem to p{ay an important role A9 G4 el A4S DNA addeuts] o] 22

el fldErt A" & 5 gich24)

AT Aigol mEW o] & AiAldle A o &

AU : o2 ATA A5 925 1794 A}(Genetic polymorphism)o] Zzsla 9lom, o]d] 2]s}o]

e "1;';795%00@‘;}% ﬂ" 2,4‘;% HaAe] 399 (Phenotype)o] A ehar ghet. whehA] o]
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W—i 71 el W2 & phase I thA4e} phase 1T thAbol] Fhof s}
1 CYPs, GSTMI, NAT &4 52| $A2127} cloning®) I,
71 edo] SR A A, F4 4 Eol a2 o} (Subiype)
F7 b5l Sk ol 5 HAA oFgg AAe
ol whel 4kt Aol % Mol Ao UeiA glom,
Ao 5 Q1% 2he] o HAl WlESh E5e) Aol, A%
o w2 bl L ) QFel ] Aol 5 el whe.
2% 9 &*}71] o] &%) 31 9lch.(5-8) CYP2D6= phase 1 t A}
Al 32 #4921 cytochrome P450 family2] AQ o 2 de-
brisoquine 4-hydrokylase 2] ¢33+ 3lc}. CYP2D6+= & 5
o] =%%]+ 4-(n-methylnitrosamino)-1-(3-pyridyl)-1-butone
(NNK)2] 84 3kel] Tholsiel (9) o] are] ok #4-e =)
el A S Eet o] Yl AR A §irh(10-12)
NAT # 4+ phase II tAA| Q] A Z 4] arylamine 7+
A 33t A9 & *H thAbell Hofslal Qlvk. NAT &4
NAT13} NAT29] ¥ Z5F7) 9o NAT2 4 uto] u}
s Holw, th¥ Al WPE} AR AREY, &

ur
=
ig
A2 0 2 rapid acetylator®} slow acetylator 2 2=t} (13,14)
uj o
"
|
=

oy rE.
fe b ofN Mo

VEE U0 8 AToll A NAT2 ohg 848 Wbl
SISk, thaeh ol guldes J9Es Qe BAE ot

W% shglont, A% Aelo] meba: e A

£ 2 AfE dvhds-17)

o] 5 CYP2D6 3 NAT2 H4A|19] vt} A& %A%
A8 eg Sl 54 oFgolh 3 FAE ol
S 2 RS A2, Fol pEUE 6T, 2 3o

A SAsel LAzl e g At A7 ghol 2ass)
€ 59 AYE e i e 2 ohid

w2 A

Y] Wz o5 ALLA7 doning] 1 &
&A1Y Y ES ﬂm—— ok Wl AA 24 4

3] ol vt} w]ad 7¥EP*P7W 7t Z4A19] ‘{11}6‘3
(genotype):% A% 4 JA =H9lom, gAF-S] DNA 1t
guxslo] grhd F3kd AR 7} 3l = 2eh.(18-20)
B oA s gl FA oA 2 Al E HldElE B Y
7k ERE AA 7R ke A3 2T e R
NAT2 E*?%IQ} CYP2D6 $4:A19] v} A4S
ol AAAY v} "ol oA WAYsl=
Woﬂzﬂ 93 A @ 0l(risk factor)o. & 283}

Primers CYP2D6. PCR1.1 :

CYP2D6.PCR1.2 :

105 bp

e Bzt A Estoldt.

=
D 9T Oy FE
SropTshg ) Dukslaholl A 1A 1o s Ag W,
7 AAEE B B4 F BY 29 wolex Edl 9]
Py 559 APT o shglon, o A e
G A P 103 WETOE etk
2) 917 w

(1) 217 CHAIS| DNA F£&: A3 73 2T o 25 e o
% JNg xFsto] EDTAR ¢-5-3 X 2|3 ¥ Wizard Ge-
nomic DNA Purification System (Promega, USA)-< o] -£-3}¢o]
genomic DNAE 3Z3}3l, spectrophotometer 2 74 Fs}-o]
20°Coll WAsto] Aol o] Sstelet.

(2) CYP2D6 §AH[9| QIXIE AA: CYP2D6 E.4A9] 2l
A8 74742 PCR-RFLP (polymerase chain reaction-restriction
fragment length polymorphism)¥ o 2 A|g¥s}c}. &
AafHl-2-2 1X PCR buffer (50 ml KCL, 10 ml Tris-Cl, pH
8.0, 0.01% gelatin, 0.1% triton X-100, 1.5 ml MgCl,), 1 mM
dNTPs, 2.5 unit Taq polymerase (Takara, Japan)2| Zg}oHol|
Z}z}2] primer 100 pmol@} 1 2g2] DNAE- £3slo] 100 ul 2
£S5 23 % DNA thermal cycler (Perkin-Elmer, USA)&
HES-S 213859l vhS 2 7-& 95°Col|A] 187} denatura-
tionA] 7] i, 50°Col|A] 1—‘:7,1- annealing, 72°Col] 4] I—ErZ]- ex-

O]

tension A 7] #+4 S 303 wkE-slgdc}. HES AL 29 3F
3 AA A1 Eakel 2ol AToIRE el

AjF A4 R Helsta Ar|dEste] ARG E A5
6% o]de] g QAEo] CYP2D6 4 BAHEE
2= Ao d#A 9ot 1F 80% AEE AAs =

CYPIDG6*4 g elAtel i AR ARTE Ao,
(21) CYP2D6*4 th&] QI Z}+= intron 3/exon 4 splice siteQ] 1934
WA 17191 G7F CE X|3hke]o] A|gtA 4 BstN1 §14] 79
7k 24031 B polet. skebA BaN1 Q14 231 9% A8
L CYP2D6*4 & o}, BstBl ¢14] 297} 9 79
CYPID6*N (CYP2D6%4 o] ¢]e] tlelzh)z wusl

0§9u
o)

o
Fig. 1o]] A1&lof] A-&3} primere] 7] A3} 7+ 21X

—1—‘

5’- CGGTTCGCCAACCACTCCG-3*
5’- GCCTCGGAAGAGCAGGATTT-3’

250bp

Wild type allele |

CYP2D6%4 allele |

355bp

Fig. 1. Schematic representation of BstNI polymorphism of CYP2D6, showing each PCR primer

sequences and expected RFLPs.
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o] Algk w4 A Aol g EA3ete] A|As3ic
CTP2D6 H.A4A19] %3E-LS CYP2D6*4/CYP2D6*42] &
A3k 9l 7% poor metabolizer®, CYP2D6*4/CYP2D6*4
9] o] AstA|9l 73 intermediate metabolizerZ, CYP2D6*4/

CYP2D6%49] 73-9- extensive metabolizer2 43} ).

(3) NAT2 £A 9| QIX}E HA: NAT2 E4A2 0lay
747 & PCR-RFLPH ©. & A 883} t). NAT2 & 449 el
QIZ}Z & rapid acetylationA] 7]+ th&]Qlz}2} slow acety-
lationA] 7] = S1, S2, S3 & Q1 zH7} &ej A glck. S1 ulF el
A= NAT2 A 01712] 586W A <3 7)ol Kpnl A3k & A& <l
A1B917} 9l a1, 82 T ol A= 69581 A 93 7] ol] Taql AlgHE
Z Q1 A1X217) Q) 31, S3 thE] ¢l A} 96381 4] BamHI A|3+&
2= QIAE-91 7} odck v ofl F g Q1 AF= o] &8k A|sta 4
o] JIAE-7} glck whebA AlGFaL A ] Zol & 4
FozH 7 RS A4S F drh(22) ¥l AL
gk primer 2|17 A gzt 7 fﬂ%‘dz}«l Agas AA 2
o] & EA3}sle] Fig. 20f AlAs}Sdch

S1, 82, 9 S3 A= dA o & A8sl = 2 FIF, F/S,
F/S2 ™) F/S3%1 /WA= rapid acetylator® ZH4 %) 31, S1/S1,
S1/S2, S1/S3, S2/83 4l S$3/S3 7W#| &= slow acetylator & I+A
33t

@) SHAE|: 1783 259} NAT2 9 CYP2D69] Q17+

7ke] ATA AA JJr /nl-r,qu 98 % AAL chi-square test
2 A3ty or, R EA| Xl SPSS program (SPSS
Inc, USA)= 01%3]-95\‘:]'-

Z ot

1) MM = o AN 7t SXtF A CYP2D6 O}
SN
CYP2D6 H4A9 QA ol whE A3 A7 A% Fig.
3ol A|AJBFl o, 10078 o] B =2 559 9] AT
o] 4] CYP2D6 f4A|9 v} SAF EEZE Table 10} A A3}
ek
AR =Tl 4 2] CYP2D6*N4 tEelz} Bl == 0.985
o)) o, CYP2D6*4 t& o1z} ¥l £ 0.0150] ¢t} gk}
Foll 2 ¢] CYP2D6*N4 tiEl el vlE = 0.9910]¢) om,
CYP2D6*4 5] 1A} M1 2= 0.00924 7 7+ 7+ uﬂaolz}
Al %ol = Fosk Xol7t glodeh. =27} kA Eoll
A] CYP2D6*4/CYP2D6*42] T8 A ehAl = had= A ¢ °‘°‘°
v, thzFoll A 39, $hAFFollA] 19 o] intermediate metabo-
lizerg] CYP2D6*N4/CYP2D6%*4 o] F3tA| 2 a2 4, &
Aol HlE A 7 F 7k FAA XKool et

(A) Kpnl polymorphism at nucleotide 586

Primers Nat-Hul 14 : 5'- GACATTGAAGCATATTTTGAAAG -3’
Nat-Hul 16 : 5'- CCTAAACATCAAATAACTTTCAT -3’
| 477bp | 522bp |
Sl allele [ I I
F allee I I
999bp
(B) Taql polymorphism at nucleotide 695
Primers Nat-Hu7 : 5'- GGCTATAAGAACTCTAGGAAC -3’
Nat-Hu8 : 5'- GGTGATGGATCCCTTACTATT -3’
332bp 226bp 170bp 112bp
S2 allele f I I i
F allele I I I
332bp 396bp 112bp
(C) BamHI polymorphism at nucleotide 963
Primers Nat-Hul4 : 5'- GACATTGAAGCATATTTTGAAAG -3’
Nat-Hul6 : 5'- CCTAAACATCAAATACTTTCATC -3’
| 853bp | 146bp
S3 allele f f i
F allele I

999bp

Fig. 2. Schematic representation of NAT2 genotyping procedure, showing each PCR primer

sequences and expected RFLPs.
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355bp —»
250 bp —>

105bp —»

Fig. 3. Electrophoretics patterns of CYP2D6 polymorphism.
CYP2D6*N4/CYP2D6*4 heterozygotes (lane 3 ~6), and
CYP2D6*N4/CYP2D6*N4 homozygotes (lane 1,2) of
Kpnl polymorphism.

Table 1. Allele frequencies and phenotype frequencies of CYP2D6
polymorphism in normal control and hepatodellular car-
cinomapatients group

Control group  Hepatoma group

Allele/phenotype (n=100) (N=55)
CYP2D6*N4 allele 0.985 0.991
CYP2D6*4 allele 0.015 0.009
Extensive metabolizer 0.97 0.982
Intermediate metabolizer 0.03 0.018
Poor metabolizer 0 0

Table 2. Allele frequencies and phenotype frequencies of NAT2
polymorphism in normal control and hepatocellular car-
cinoma patient group

Control group Hepatoma group

Allele/phenotype (n=100) (n=55)
F allele 0.725 0.682
S1 allele 0.01 0.018
S2 allele 0.14 0.164
S3 allele 0.125 0.136
Rapid acetylator 091 0.95
Slow acetylator 0.09 0.05

2. A OIEE
=P

3} WA ZAXZOM NAT2 CHE

NAT2 E2A9) ARl mhe Y s AR S Fig 4
ol AAskd o™, 1007 9] A4 =3} 557 <] Fha}oll

(a) Kpnl polymorphism of NAT2 system
1 2 3 4 5

999 bp —

522 bp 7’

477 bp

(b) Tagl polymorphism of NAT2 system
1 2 3 4 5 6 7 8

369 bp
332 bp §:

226 bp ———
170 bp ——
112 bp ——

(c) BamH| polymorphism of NAT2 system
1 2 3 4 5 6 7 8

853 bp
146 bp —

Fig. 4. Electrophoretic patterns of NAT2 polymorphisms. (a) S1/S1
homozygote (lane 1), F/S1 heterozygote (lane 2,3) and F/F
homozygote (lane 4,5,6) of Kpnl polymorphism. (b) S2/S3
homozygote (lane 1,2,5), F/S2 heterozygote (lanes 3,6,8,9)
and F/F homozygote (lanes 4,7) of Tagl polymorphism. (c)
S3/S3 homozygote (lanes 1,2,6,9), F/S3 heterozygote (lane
3,5,7) and F/F homozygote (lanes 4,8) of BamHI poly-
morphism.

Table 20| A3}t

Al NAT2 a4A|19] ofs 4 15
A+ Rl 0725014161, SI,

A4 dzrellA F gl

S2 9l S3 thEelAke] HIE = 0.01, 0.14 3 0.1250]%i ¢}, 3k
Aol A 2] F ol 912} HIE & 0.6820]9) 27, S1, 82 2 S3
QA HIEE 77} 0,018, 0.164 ) 013622 7 F 749
&z} HIE o= 28 Xol7l ldt). Acetylator 23
ol A= 270l A] rapid acetylator®} slow acetylator7} 7}
7} 0917} 0.090]9. 01, ST E 2H7h 0959} 0.052
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g A3 ol 2o deA Qo] A, ol 3t Wt B2
AL} S Bl Bofslis HAAlY by Wb 7

o] A
|

]|
).
S uAgTe] 43 BAG wel A B w2o] o] 4]
g
it

L §2 oX ¢

wo] goh 53] BAEE W wEE ZhasA
H aLAY] HEE & 7 A =HHA, AU F
el v A AEEE ¢ ] S ARE 4
b e =Y Fibs] o] FolA AL 9rh(5,29)

WEAQ sk ek BAZE Folol 2 Aol =
% %]+ polycyclic aromatic hydrocarbon¥} aromatic amines7}
ch. o] 5 phase I thAHAS] CYPsell o2l 24 3h=] s
phase I oAk A2] GSTS) NATOl J3) wlh4ish %8 1%
Ak web ol T Bl o sk YA ARk
81719k, F%E 55 5] A phase 19 11 oAA)
34 FARS dHo| 98 Aeg A7EThE,7)

CYP2D6 (debrisoquine 4-hydroxylase)+ 228 <3 x| o] #F
2+(22q13.1)0l] &3} cytochrome P450 HA4-A9] sz
A 54 FAo v Ut 43 A A7 = phase I £4:A]
o] txd Hao|th(25) CYPD6w= §< Toll =FE+
4-(n-methyl-nitrosamino)-1-(3-pyridyl)-1-butane(NNK) 2] £H-A4]
S}ol] FHofa}m, CYP2D6 A =7} =2 Aghe =gk 9 W
Fete] AP =7 Foka & deA ok T3 CYP2D6+=
FE ZHA|ZEA| A o] WA B R o] a4 HAlo] 2 A
2lo]| 4] = afltoxn Blo| 1} nitrosamined} 7S =4 EZ o] 9
& 72t wAel H54el AAH T ek

CYP2D6 41 Q1 Aol = 3] 423k 770 o] 42| tislQIA7} &
HA gtk CYP2D6*1A7} AFHQ) A4 A E 2+
wild type T ¢l z}o| =], CYP2D6*3, CYP2D6*4, CYP2D6*5,
CYP2D6*A+ J4 Ao i+ thEQlzto| 11, CYP2D6*9,
CYP2D6*10AE H4& A o] #stEE= thFelzto|r}.(26)
W) kel Q1 AhE WA CYPD6 ik Aol B
poor-metabolizer®] BlE+ 3~9% & 4#i4 91,2728 L
% <F 80%+= CYP2D6*40]] &]8t o2 &ef#] Qi B o
Tl CYP2D6*4nkg =Aslgl ot tzrtat Shakr
R3]l 4] poor-metabolizery= -2 2| ¢ko}A], CYP2D6%4
poor-metabolizer2] Hl E+= wiol Zlclof] v|slo] o] Y& Ao
E A= A, NAT2 o8 49| 2547 CYP2D6*4 o]
slol ok ugy oA HES B SR s
Agundez £4(29) 759 9] YA 719} $kAFrollA] extensive-
metabolizer7} 7149](91%) 2= ¢ 31, 2007 2] o 271 A]
14741|(74%)7} w0 A 2] 3k Xpo] 7} Qhvkar W arslar
gloi}, B AFelAE BATH HEF EFIA poor-
metabolizer7} 42w A] ¢kobA] F i 7He] Apol7k lgict.
ol gk xfo| A b3l Flhel| A 8] CYP2D6 H] &4 3} o
Hlzte] vlEs} wi- F7] wifol] dojuhs Ao A
75 4 g

NAT2+= ol A€ 7] & ZF 49l acetyl coenzyme AZEF-E
aromatic amine2] A4 YA}ol| £ F O 24 phase 11 A

P

Z

ogt
_{

{

R o2 ofN 1o

U fn

N

Hkg-oll oidieh. Agke] NAT aaA] AR AAA
8q220l] 91Xk glom 3709 FAIA} el 2 F 2
Mol AR} 7155 b, 722 NAT1Z NAT2E
53 9lt}. NATI1-S %] o] 3’-uncoding regionol] v} &4
o] ZA3tol WiFlen, o 58l /154 Zue obd wa]
A A 9kgkrl. NAT2+ | -l] rapid acetyator®} slow acety-
lator & acetylator phenotypes T-H-Al= FA4AEH A |
o ol ¥ 1 uld AHEE UF 5E 24l oJsto]
acetylator phenotypes T-538}91 21}, Deguchiol](20) £]s}od
NAT2 41147} cloning 1 3= 7heksh F21 &34 v
© 2 genotype™ AAY G YA T, o] v} acety-
lator phenotype’= AR <= A F| gt} 67] o]42]
Iz} 4 A do}, HIET} =& 7L rapid acetylation
A7+ F th& Q1 2}9} slow acetylationA] 7] += S1, S2, S3 T &
QAL ek (13,14) F Q1A A o2 A-8slat 9l
4] F/F, F/S1, F/S2, F/S3+ rapid acetylator phenotype 2.2 5
F=, 71eke] 23 slow acetylator phenotype 0. 2 H-=
th o] i3k NAT2 gl Q1] wleg 333 9 Ble& QlF
o[t} A Thell Xpol7} Q= AR Huww 9t wiQl
kol A 2] S1 tHgQIAF7} 0452 2 HIEE VERAL Q)
o}, JEel AgbellA = AR A ekgken,20) £ AT
Al A = 0012 vi-§- Y2 HIEE Kol glrk F tiglQl
Ao MR AR Q1F 7o & Xo] & Ho|i el
QA Az}et Quel Aol 27 07259 0.68% F4
gl EE Vbl aL AR, ]l ARkl A= 0.2582 1 vl
b WAl sl glek EAYe] EAE Wl hn
+ 0.258% slow acetylator7} 52% & X}A|3la glow, 59
AFFAT} YRS A T ATl 145, F2
2 35% O] HIEE Holi glrh B AT Adol|A= 9%
7} slow acetylator24] 714 Y2 WIEE Ho|x glojA] ¢
v o & Zokolo| A9 slow acetylator®] Yrls 7 8ol =
AxJshar 9l o), YRl 7 -§-of = slow acetylator] o+
ol 82 thgQIAbell 7]l ul] Hbslo] gh=Qle] 5ol
= S2 9 S3 g elx}7} 0.148} 0.1252 Eo]gl HE kAt
Kol girt.

Slow acetylator 38 o] FuljL} aromatic amined} 3333
whagekel whAel] ol Mo A g Ao
Ql--o] Hi1x]o] 9l ©1, aromatic amineol] ;=3 918 A] o]
9l E Aol = slow acetylator T8 & ¢l AeS- A A7 o
2 wbgeke] wiAE oA g S Aol 7heA o
AA = o] et.(30)

A4 ZhSoll Al NAT2 33l o3t &xte] 44 7
Aol 8k o3 3= slow acetylator F318 9] H1 =7} §-9)3)
Al Erhe AEE Hela Arh(29) Agundez 5(29)2 100
o] LAukAl 7kt 3hRFFol A] slow acetylator 88 o] Bl =7}
68% 2 HZETolA2 539%0 nH]sle] Fos}A] ZoH,
slow acetylator®] AthA ¢ Z(odds ratio)s= 1.80]¢thx

o

f

O

i)

o
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Wt gl ol e 84L 5+ BY 0 €Y 7
2ol Bl 215 WA %ol T % 3 1k WA
3 Qiokar &Qich B oA Ak @A e 2T
i AolE YFE F sl ol BAUIAL slow
acetylator 3313 9] W=7} v drb= 23 2 A5 of
4 7k dAbEol B BY 2Hid ddkE A4 7t
R I R )

Agundez F(29)2 1007 ] A4 7kt kAR 2587
o] 2T 4o E NAT2 I CYP2D6 v} R4S
slo] AT tzFoll A 9] slow acetylator] HIE
68%2) 53.9% % K 13sl9) 1, o] Xjo]= By Y

e
Of

ole}ar s}3)e}. w3k slow acetylatore] 4] CYP2D6 extensive-
metabolizer] A4%H-e- 1441 713ke] Aol 914 Eol 260
(95% A2 F7F 1.6~4.4)0] 31, 7+<d vlo]#| 2 marker 241 Q]
QATAAE o7 e Eo] 56 O5% AT L4~
333)& ¢ Hvha Basloich e B oAy Ans B
o 7 79l fOl% Aol E A & ATl ol WA
o] W Baj k9] wlol2)2: marker SF4lo)9] e, el
slow acetylatort} CYP2D62] Hl =7} uff-¢- Y& HISH EA
off 711gkekar & 43 <= gick. webAl NAT2 3 CYP2D6
o @82 e A T R 9 edde®
gobA] ghevha Qe &3 v W A 59l 3
o whol 2 marker 54 Q1 AL AL E A A EF o]
of & 7oz A7t

[N

PCR-RFLP W& o] &3}o] gh=glel vkl BY
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