v

B P 5

2R FYER: R

Hh Ry D oim L
LR ERE O GRAFEL

Pk g4
BB

e AL

L BRI B A T E

ARAN2 B EE e Mg

Using microarray analysis to study the pharmacological

and toxicological effects of the major active components

in the family Aristolochiaceae

Prdlmees

P ERR, L] EST



AT SO N /" S S\ SO 8
BN TRAE Y 2 BILFT G e 9



F N 08 TR e 37
B FP IR E R 37
BT H T ettt 37
BN AP IR B et 38
BN BB ETE e 38

A s MTT 3B F PR G ot e e M eeeeneesaeseeesnens 38
£ « Total RNA S B TA. L. sovsgpre.. B .. Secgmmmmmms... A e e 39
NN P AL A 1 e RN s 4 40

M~ TR F @R 4 F B(QRT-PCR) oo 42

Fi

S B A F (NF-kBp6S) /£ §° & B ATELE i, 42
F ~ NF-kB/luciferasedf 2 F1A 4T oo 44
TN B ZBBR e 44
Fo s 8-OHAG L 2 F 72 A T e 45
o v T T B E e AT e 46
R S ar L Lk 47

FEH N R BRILTE A AT e 48

11



>
~

)

»
~

Iy

»
~

It

128

§ L HHHK e 4 £ BB 2 R R F B ... 49
5 % e B HK-2 foe gk F1 4 B3 A 4 50

g T pLenFuR L ITH T oA R p AP FINF-KB. 51

B2 4 47 (pathway analysis) ..o.eeeeeeeeiereerenieseeieeeeeeesie e 51

’

=5,

e B2 4 17 (network analysis)....c.eeeeeeerierieiiesieeeee e 52

l* 2 F 4R L7 4 F A $5NF-kBAp B A Fleh& .56

B % &5 L $THK-2 072 NF-xB# i+ (translocation) s7782 58 ........... 57

‘

H

B %4 F HHK-2 0% NF-kBIE M0 5 e 57

>
~

- H B E A TR BT i K 2P FIDNAB A e, 59

5 EAREAHK-2 e DNAG £ 2 348 4p M 28 Flend 3R .59

5 %P HK-2 dmPe 343 DNAMCETH 5 4r L, 67

%4k B HK-2 %6 5 § “DNASH T e 67

B AR FINF-KB 2 20 & B EE T e 72

o5 e FIDNA B AT (5% F 355§ CDNAG T oo 76

i1



ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

iv



WP &

Bl 2.1 8 E&pl(=B)E S THRI(-B)P FoHt 23
Bl 22 B LT i F i PBHEDNAL B4ESH 31
Bl 2.3 8 EAROT A RBIBIE e 32
i8] 2.4 8-Hydroxy-2’-deoxyguanosine (8-OHAG)Z. 3 = .....ccocoevvriiniene 33
B 3.1 0 B3R 3 T AR et 36

B 41 5 Zibph et HK2 wre H 552 8hHE 2 BFRFF RM .50

Bl 4.2 5 4 hHK-2 b5 Gk 7l 4 LB 2 R A 5 o, 53
Bl 4.3 QRT-PCRFE L5 4 40 23 #-NF-xBAR B 2 F e T, 56
Bl 4.4 5 8 b HK2 405 FrdINF-KBHEE # oo 58
Bl 4.5 5 4 b HK-2 % #rdINFKBE M & T 59

B 4.6 QRT-PCRAE .5 S A DNAB A ~ § 1L 5 T Ap B A 714 Beh
BB F TR T8 oo s e e s e st s s s es s 65

B 4.7 QRT-PCRAz:L.5 £ 4B FrDNAZ A ~ 3 i i T Ap B L 71 & e

e 0 I O 66
Bl 4.8 5 %40 2 HK-2 w3 5 DNAWL TS o 4c 68
Bl 4.9 5 Z4p AHK-2 0% A5 § P DNAG T 58 Se e 69

B 4.10 5 Fips % % HK-2 %2 15 Oggl ~ p21 ~ c-Fos ~ Caspase-3 frBax

F R I L L 70



Bl 4.11 5 Z4pe 5 HK-2 fnPe 3 3 Mods 5 chd 4v .

B 6.1 5 Zibph HK-2 mre 2 212 « 3 3215 % {58 [ B

vi



# P&

4 3.1 QRT-PCR# 5% 1.t % (F)feF % (R)31F B 5 oo 43

4.1 § T AHK2 me kA FlARBH#Z B HEA T 51
%42 5 ER bHK2 we chh Fl A B2 BT A T e, 52

% 43 B Zpk A HK-2 e 3 - NF-kBAp M A F1ehd B, 54
% 4.4 qRT-PCRAE:L8 Z 4P {5 NF-kBAp B AL Flend o 56
345 B Epp A HK2 e A RA F e~ ek ~ A= s g

Fle~A 4@t 2 5 MM ATIOd BB e, 60
% 4.6 5 Eips A HK-2 092 33 #-DNA % 47 40 B 5L Flerd LB 38 ... 63
% 47 qQRT-PCRFZ:LE TN DNAB A ~ 5 i 5 T ApM A F 4 R
B R F TP T oo et ettt ettt 66
# 4.8 qRT-PCRFZ:%5 E4FB-DNAB A ~ § L i T 4p M A Fl 4 meh

FE R E T BE T ettt 67

Vil



VHCE S| RAE S B B Y X E

Bid imoes
R Fw BL
S iR GRAF B L

g7k BL

B EL

BEAPEE A KT AR R A BARE (FREELR T 5 G4
B s a bV R R B KA A RG> Join M a0
B~ FR G E o RSB WA EERS RIS AP B
FArER AL B T RBEC L F AR E R R M ER A
Frh® oorppt 2 b B ESPHERES D PR R o bldofr e ¥ 0
e RORHME O 3k R TR o BERE AP S AL R R R
FIEGAER R Y S % > L fonier B 2 F 5 T o A
G R BN R EN AL S BARIZ S EARIHPB R E

P U ALE ) (TR B A MES Tl F HK- e 75



Bt o I oL A A 472 RIFH AT A B F B (T 54 o
HK-2 fw¥ 57 fe A2 (10 ~ 30 ~ 90 uM) 3 £ 2 30 WM 5 % &7k
PR (LL3,6,12,4024 /] )R B 160 F RS HEEH HK-2 chlmre 4
EOREERBEZFRTF MGtk e DR E PR R
(RNA)E 7L 7] 247 > B3 enl TR A T L RBIFH* 3L 472
(Cluster analysis)~ 17 » # LB TR T WA A FIARBH? ¢ 7 ¢
DNA 2 5 Jis ~ DNA i34 ~ fm¥e k= S4pM A %) » 8- HIFEHEFR
B EBRY P REALL ALED SAM L LT (B]4e TNF signaling
pathway - Interleukin signaling pathway %) ¢ p? k8 < 3| § E& R R 8 > b
Bom B RS w5 LEANAAMAFNAR > G gR AT
(network analysis)z %8 L #:#F %]+ NF-xB &g ixE Bk & o 5 %4
FeBF ¥+ A 473F 5 NF-kB 49 bk F)()4= CCL20~CD68~IL8 % ):h 7.
% qRT-PCR #2323 NF-kB #p B & Flerd B35 0 8 pievd 50 2L 7 4 0 ) 3%
3 fAF - R T 5 NF-kB/luciferase A& F1# 78 ¢ HK-2 ‘%2 7233
B EAFRT G sadrd] NF-xB eiifd» ® R e RR S/ LR R 2
E TG AT 11| NF-kB p65 o ‘wfe F i 38 5| wbe % o 558 1Y

o

nﬁ:

SRET 0 B EEET 00 G adrd| NFxB B st ik iE 0 5 L4
FHEf ALY (T LE a3 00 A -

d00 g B PR TEY A IS CRRTHRT L A



FTorE S f SR T IR R RE R TN e PR S TR
foend ILITW Bk o AP S4TSR & HK-2 fwe gk B4 LRI
7% T DNA B AT B s A AR B B F A dren > 1002 qRT-PCR 7235 DNA & 48
10 B A FIAR B AR T A e ) o “f plz ¢t > DNA § Z F g~ fmre ik
= % $i3 i % % (»]4e superoxide dismutase - glutathione reductase v
glutathione peroxidase)% 4p M 2 Fled o B F 2 AR 5 TR TR T
MEE %P DNA § F o F IS KL H 4 DNA ETH > 1k
PIRRZRRIA S WG T > BFIRE THMT B F S E A S a4 1
BRI ZERE THFET ¥ L F © DNA § T 34k 8-OHdAG %
¢ chimre fico i - HAEILS TR LR 5 OGGL thk-e FERE >
LY SR T B EART 5] DNA 247 40 M A Fl2 i 1
3 ini o i S DNAJLETA§ 1 DNA § 2824 & R0 T e 4o »
RS AR A TS MRS TR

NP L ST E S B X E2 A &S0 8 KBRS
A AT BB B TR LB E Y & 5 4] NF-xB
2 A BIERIE KRB TV b8 KR € Prd] DNA 345 8% 3 3f 3

DNA %85~ 5 * DNA 224 RGBT > 0 2545 5 EomY

FET i s 3 IS RIS R AT T R F R
R EES R



BAET 1B EE -~ BOLS| A A BT T ) 'F? HK-2 @ ~

# W FF]5 NF-«B ~ DNA 4



!
i
=
o)

S B ESPREFE AN KT AN R AR R E TRRAGE
Pro ORGP RPE P AMrATR L I BT By
%’%gjzﬁﬁﬁ@ﬁgﬁ@ﬁﬁﬁmo%:aiyf,gag\yaﬁ
PRfrazts 5352 FAOS EAFESART RISK T B
A BREF A AR Ao M E L SRR L fod e g £

BB EAPY TEOREEY Y O BF LTI R B X
B XUMEF AL T MR TR B REY- R 0B - F

SE Rty TAEFAESN Al a B

T

Sher
EE\

el E g AT 2 ATRR Y B A
WAL OTRA R T D EARM PR Y o TRA L 0 AR T R OB
* o Pgorx .)\,ﬂ,}; NETEE ?J‘l‘}é-‘),%f‘—"%i% S AR ER N F liﬁg‘
EoRPLERSEZIERET SR RSF R BRAE  mR
PRF R 0 G AARETR R B B IR bR Ty o i i i
Moo B S F AR A UWER L - AES S LD RN B E
$LEFOFABEN RUEZEE - BOSPRE KF R TR

H\;p # j\iﬂ;{:,l—\:f \Kfé%‘ip%;iﬂ\ér‘l‘\:%* ‘//fm('% \;; ’Iéé‘zlllé“;fz‘i

R fRE S X EERER > F B R (VR A T o

-~



ARELFF2003 & 117 4p 2F B T 75 ELROEH
Bpe ~FA4 " HMAE B %L T E) L L5 TP fPhmd o
KRB R Y o bl Bt E BB FHEEY O 5 ELPC T ET
ARG R R~ FAGREF b Bk s ER R IR A KR
spve ff sl B0 B T B w P XTEY A IS CORT R
REC RFET IR CH LS ERRTEE I 0T A
CESY R EERE O TGS AP X AR TR IR
Bl gd > RHBFIBRT HFEREE Z AN PFRAIR EFER
- HEL

DNAGcHE 7] & 47 $jiw(Microarray)* Fi % 28 Fl s & Hophe H 45 gL 8 F
MAE~FEFCPAEAFFTN GldcEHR AP P ERE 7 T EF R
#BU B A AP AHT 0 BT ARG R AT T 0 Flet Ak
R Je™ *pm ML A TR R s FE b4 B0 2 RAFIHE ¥ - it
AR G «ﬁﬁf“,’f TR TRAE FF Ot AR b (B 3 (target-based drug
discovery) ~ 2 4 #h3e (biomarker)e5 R ~ g B R A Fle Bl 2 B s e3E
{8 ]38 (prognostic tests) % s BV L A A e oA FE P R{FES NG
PAFZEZ RS RAFIREAPT 7 b3 RT I FRELH AL 5D
e Do B S i g O SN B  BAF R Y K e

BB ESTRNTEY 50 o d 2 in 3 EP T8 EAFIES Y AL L FTRR



% chvy &> oa § XLl (Aristolochic Acid 1) 2 5 & 4RI
(Aristolochic Acid IT) £_5 %4417 ¥ & hi R iEHE T Flpt A7
G EARRIE S BRI RS L & LIRS T
FLif & F 3t A ST Tl F (HK2 cells) dmo2  Fl 4 R 0 8 i

AR S EARAA T we T A b LERA A FF Bang 2T

’i’rﬁﬁﬁo



CEE Y 3

Bled FES B ESP FOREREY G5 ¥ LD
Fe ~amF ~ B »;%;9\—;&%\15 SEX M ESRISRY I F ARHESF R
@d\ ﬁ%hiez‘;*n%)ﬁ,xé??—sﬂg + = Q;gjﬁi&\ﬂt;@‘ra
FHE2 PR FAE(1943-2000) ) ~ (¢ EFL) TFFTHEE Y RFE
Bk Frer F4r £5035(1983-1993) 8 Tl g v B g 3 ME
A AAB-C-D-ES#% 2% 8- dwm3 5 66 BAKEF * B2 - >
A~ e BRBEE 60 A F BH 250 F AR B EE I 150 FC
B r B2 ¢ % R 100 D E * Ep2 - o

B ESFESFRT RF FHR “Pﬁé%im)%‘}ilﬁi 7 BE E R

L0 e e T 2 AR WRA T Y s i

4T

% B Eaq e
i

Lo (RS B

(R AF) C FA% T EE LT RL o LI Bk Rl E

faao 2 gale

(FFHP) @ Ao EBu s LR A Bk B oo b



S R ERE I B TR BRI A kR .
(Rg) 2 (84) 2 2 B T2 #0251~ p EFE
B2 FHUEP T 20 R LT Gk o KRG Bl
Rp it mEEZ REE S P TR ok P EALY 2 e
s pkE el 2 10
(FERE): 5 p T gmd ok R g - Pl
L SN 7 FaEE o LR ﬁju¢§i o LA > W L KR E;E;‘%F
RIZGR e o PR o T A A gk s FEERE D P D R E AT
Zooe A » o Ui KT o s AL B m B E 0 ing Y TR
Wl 3R oA R R R B B2 R T AT AT
FE o RERFE R EE A g
ERPUT Ao (W REATE) S (FTRAE) - (FEFELD)
FRER2 2 ARAE o FEAZNUIFEATTHEROAL S AL F A

il (Akebia quinata (Thunb.) Decne.)!'! -

2. 72
(W R AT ) *oi&;,;&%,,ﬁg,gsg;}gau,xlgfas,ﬂa
g e

(tF28) % 8 &

i
\_
q
-~
[=h
=
[@h
.
i
g
S
\éi—ﬂr
i



FAOE o0 h oo LA e JORM 0 BE o BEARE AR
@ 14 &

(FEHR) L 7ok BT A BREH - A E T
(AEHAR)Y P FRHEATEL A Z R A L4770
ETRR e R Ad L2 F B RAh BRE B HR
FIACP ot (R Lipd o LA S FE A B e A
QoRlE= i AT -4 A halk o 2 ARARA 70 EIR

FEF P2 THELEBATH 2L R R F 0 RA

]
w3

AP E AT EF R BEAT R o A3 ERE S T

“~

TTEBRH o FFHoArEqIE o 2

3. wmF

(HREATE) R F > ko Lipr% o« BfR > Mo > F &% > bR
By o oeedifo

(eFolgr) ®4 - 287 T F Bk fIkgE - BHRY o e

Ao RREA > TR FAN AT T

eﬁ’s

FE i fF

[s]

(AXHp ) iov F4B 0 Q%S 429 ¥ F@pt oo Fihado

fm

“~

AR F o RBRER R WO R ERg ey 2T



(AEER): 2 $Th B AF BT o 3 R4k % &EHR B R
S F AR E T RIS UIERA o BE SR o FHUFR &

r:)f%p,;_jgr ...... oggp;\)g_,bt_gl,x?@qroqwﬁ_ﬁ,gﬂljﬁyzi,gg

(AESRHME): B ELL R RS o v A .
(FEHFR)IFHTF o MdES 0 BT B RE o o o R
W EF AR cES e BRI RE Y 2 o ABH G B
HF#5%F R AR o B9 S22 ED

(AR R) T2 iEF - T2 B BRI BT R
HRSREEF S BT BREG 2R FE A 2 R A AR
R BRI FFE L c BN ALY L o BH R o T
Wk s o PR (BRI EE > R 0 RZIFE  H 3
Wi o MDA KRB A E o T L o FWL AR AL S

16
—?]177.%{5%[] o

5. %~ %

(FERRBE): FARABALFHC RAT L 4 fou > f



_’&//‘;\;ﬁ;’ ’ )'%‘,}E%_@‘iﬁ“ﬂg)ﬁ ’ izg—gfg-%’ /éh‘??& ? t-l- (ﬁ LIINN Wﬁ%gq‘ [18 o
(RGER): FAATILLR  F A4 Z R mo » Lo £ 4
i i s h REEE Y 2 0 F SRR F R o (B A i

#orhir 4 o ok

-

g o (0408) i d o PYRACR RS > A HC R
HAT SRS Akl R Rk T 0 T R RS A PR AR

g 4R

b

6. % i3
(AXHPY timfds o ipigglio

(FERE): 2 orhiis s b Bladks 2 R b B %
AT RERIAZE E o THANL2 I8 A B FPRE A T g o R
WE o ik W 0 A ROKEI ] BRI S BT R SR
7@‘2 /r'\?‘cp" (9]

(AEFRY Tioh ¥R o Embeokrm o

DERER FEYSEE EEE EUE SRR Lt

515 »;égﬁ,;»ﬁﬁ %Z";ﬁ»}; AR IR B S R g TR o 5 R

Biedsd o T OLE R T B E R ookt > B0 - BB GRS

),

*

e

EHE A F(Gldrlr e s dmF) K A5 A AEHE 3 OHER Ry



T

B2 ek B E o

FoTWrk® 2 FR2FY
I A2 AT g P2 BAL PRIy

SRS VS SR NS TR NCF S SRR

A

e A kil R opo A AT R PP g dw s b (B AY
I/( Ellfﬁ_ﬂ'\1a’ 313%_[14] <<%r} >> ‘j ﬂ'\ *;Z, ) ]"\Z_;j“ Flg ilq <<j\§r\1;ﬂ
oo AR

(SEPEF S ERENRE SIS A 5

A 5 2P (AFHER) 3 T It A o0 H Ll

ke
-
[

Fowsaids 2l ¥ o rgaidnis Ple (hyge)

BEATTE R ARDP D AT Ay AL ST E AL (Akebia
quinata (Thunb.) Decne)!'™ » @ % (G#g & §) #r3e AL T AL
A B £ g (Ranunculaceae)ss 5 i (Clematis L.) s 4+ » i
(4 RS ) Bl f4BRER (Clematis L) 4@ fric 4

FEANREM AL DL BRI (KM E b 3) 43 2kl
A VERARAS ®BA L2 0 ZAME R E FREBEINP
301954 EE et A AEREBAAF SALE RRLALE T

Aristolochia manshuriensis Kom. » ** 1963 # 4t jcék (F R ZEL ) » p



Baoh A chsiz e 01963 & (¢ RMEL ) ek A f A
i JhT E 4 i (Akebia quinata (Thunb.) ~ = TFUERER " A - 2 F
AU AL A FREa 0 1 R REL Wyegrh A 2 AP, 8 3
2000 # 5L B-A LA ERT TS 208 & 503 70 £ R AR B

A kR & L5 %4 Aristolochia/f B A3 > AL AT RS

LR

-+
I}

LarA p AP AT AL E RFIAE S D BRI
HaFBEfe D 2¢ M 23001990 # ik (P REL ) A
PATERIFF Y o R A S oA o A2 AP ?‘I,% N S Z R
AU LB A o B AEY AE DA EH P A o

B A3 % 5 % 4§ (Aristolochiaceae) il 5 % 45 (Aristolochia
manshuriensis Kom.) {47 » 3% 2000 # 5% (¥ #4 3 ZfeR#E L ) 2 2002
EH AR A > L LA A (Clematis armandii) 2 s o %
(Clematis montana Buch ham) ~ A& # 7 ¥ A id (Akebia quinata (Thunb.)
Decne.) ~ = ¥ * i (A. rifoliate (Thunb.) "Koidz.)& & * i (A. rifoliate
(Thunb.) Koidz. Var. australis (Diels) Rehd.) * I At jc§t a4k iz FIB i
¥H PR iR E o P HARRARS FEREEA T 2003 £ 4 7 B
R Ay FEEPY, 5 2005 EE (¢ EA N EfoREL ) b
*\iia'”'l",ﬁifé%?* R AN A oA O o p BRI AABE R o

S
No g ~

A KRAFAE - ARG AR P AT PR ET g

By

10



Bt o) Bg N 85‘;79)5;32 ,Er‘;.;g;w o — x,,? IR it % m&;ﬁf\x i o }, W Fiu#; N

s

i,:fs W eIFE 3L o £ ‘i’;}ﬂ'ui\g@b{cﬁ;:ﬁ 445(:5;: N »); = ‘ET%\’ NI TN

el

s Rk s TR Y YIRS TR G D S o M A Pk

S R R TR T KE DR R T T B
Ak~ AR P RA P R B RS (Rl IR IR T o
GBS AR AT T S H B AL R 3 e
FHTEF B HE FPL oA AL TR ER T AL ER
*o b 1964 & BAnG meleaR 2 P 2 S G R E G AT KT R

//_

AERTEREOFNE S RALIr xavi

-

BA IR ERE
At MAEhE HliFY A XFIRALAT o

BARMAOE SR A JIFAL TR FIAER? RN
PR R JIFETEIRY 8 R B ENG 5% bt K A

i%){%% tl‘ =7 -Q‘E:f”‘\’ﬁ*'?/r'}%‘i %"%’:’7’#—[9 24]’“$1:§4%57?ﬁ$§

™
\“ﬁ
S
,ﬁ
—
[
l—q
et
«3
il
= »
oo
'
o
S
=
b
“
:1‘\
3
e
g
\
o3
=
s
|
F
gy
b

Wigs FHERFEFPA 2o At JIpFaEe Y TEY D RES e
BoTI G 8 RS R R LB o ¢ MAE P M A

KIFHA R FUSEY FF A S0 5 RARE S ROk ER kR

11



(£ 70%7 FEdEEs - fr 70%7 fEREZ F B EHManE B BRI
KPS TLRIZETZF 0 95 70%7 fF#H B L ’53.4%(’J<7%T}/
i) e Ple ¥4 my@eafdline 5 ¥ (Herba Solani Lyrati)
fe& # b (Herba Aristolochiae Mollissimae) » i&= fa® % 5 7 il eje
PooRmchEApDTL ) FIPF F AR 0 BAEFAM RAaFF R P
FRETRERYP TS T~y F 1 liquid chromatography-mass
spectrometry(LC/MS) 4~ 476 Zfo&F ¥ b 42 3 05 TR & pBF > F IR
B okeT FES 7 RSB 2 U AR(279.25 pg/g)er Y A en S E I

B BB AT R(103.88 pg/g)F dichz - 2 R AFF RPN FRSE
ERRInG b 0 BEX AP F 5 E4RIE M Y4 agG Hw3
ST Y o R FEH w3 A RIS Bz £ B ok E e m Y

R

i\4
\5;

“

B B R P F R KT RS TR £ T A
Wiy KFBcnS HHMIE B AME S ELEIG A A u G
0.08ug/g vs 0.32 ng/g”2  0.33 ug/g vs 1.23 ng/gt® o &L E 5 ik
o RE CERZ ERERIRY B4 (RG0S s iR G

Foho @sd FELOFROCELDIE A GRS ZCHER
foilen™ e bd B S G o § L HM AL G5 Teplae 1

pgEa g o g R el R AL WUE > HTRDE PR

12



W EHE AN AL E o G WURT L TRA P e g2 v

FRA R

o
=
(<l
N

s
=
4

ERERF HEY T RE TR

AT B el g £ 0% 7 0.35-0.60 mg/g > BFIRLE TR G 04 £
R G e B o REERERY BAHIFA LSS FRFR

APy m g R N AL e A ET UE RS hp s b
FAF B FEMHPLOKRRIM AL B2 Ao flm? & o

FRAGZ B NFER YT 2 PR FR 3B F

Fovy s g5 3 e AT G EARAZ SR &g ot B2 F

W & 0 B %54”% PEG AR R A -

Fpoy - ffEFLREr 8 BT T Tl g - F
Frefd SR TR 0 P TR A e LA EY o B 2002 & 0 AR

B LG e 4 S BN A Y K RS K H
oA A E AT E R > BEET A YT R

MAES A0 RehEBTRGETNE FINGT o Fob s § AT o+

13



T PRk de? B(RH 28 255 ) 5 THEANE
CABE > P AL P > ERLES THRKAZ £ M A
PR R 31 pf L T AT B Tty
P RF LG ET LB AL MM A R AT (Feh
V3L HEA DB R4 J B RS AN AN
TERY B CLABAZNETAR T REFRAE S EAIERY S
HHBAZNEPERERE AL ERE 41% > A A EEM AR
LB CARAR N RO REAB AL E RS IER S 62%°) o ¥
o TGl AT e p g o B B (L) O] B R
Fx) > EZOFE AR E S Lfe s 5~ ROLH T EM Al fe it
B b SRAZER L $REE - FFAYPAARILNE T8
AT PR EPE AL D R A BEF LT LR o
#oge ¥ ¥ F AR A TAY g e Pl A g s e
HPLC:# ip| % 5 E4MAZ £ > CF AT UAEF S MM AW ? § TLRA
gz E i IR P o

2.7 &

Fe hfek it g e e (2 fLEFe )N Ep
(Aristolochiaceae) § F# & (* A 1F 2 ) o ek < 5% o JFipet ~ B - %

Moo WA NF oK~ FERE S HrE R ORBR E 0 iR R B AR

14



HABETEe L RF o -SRI 2R »gbgaf.];]}z-;tst » ek
e BRI kanck B3t g pe s a R Bhi% 0k MaRR gt

St e M s E FEONIR I R g R Y e 0 FE

[

w3 R RIER Tk R Y R ot JIpEER e B liﬁhf‘iﬁ' AR ER

-

* e K 4 g’,ﬁ‘fl]/;]'u‘}i;\léﬁjz‘;i% e F2E* 5 /é,jﬁ/;%,lm}% e 5 rdFRAT
FAEUEDE LT R P b FRA ¥ APy o F

P ipe it At B R B KEE B L BEEHE L i

ZPPB EE -

5
wh
N

no

FI PR A ER e EFEREEY S fe T b2 47
HoFRA A R BSOA RS B P TARAZ 357 F K
R PR AR sl ip Y.

3.5, %

w3 LB %L (Aristolochiaceae) w f(Asarum) {54 > 2005 #

WP EAAEREL ) w3 155 5 B PR A 3 Asarum

e

heterotropoides Fr. Var. mandshuricum (Maxim.) Kitag. > /% # ‘w

s

Asarum sieboldii Miqg. var. seoulense Nakai (#* = T:f A LR )R Fw
Asarum sieboldii Mig. #+ %432 35> A& F ik w3 ¢ > 12 A a3 (Asarum
heterotropoides) & & 4 i * £ & 5o m ek 3 o 5 > F A2 R ACE

G B B AT bR Ted o i | a WRenF s o ¥ %&qﬁﬂ&w APy
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BFRER PR 5 0 kAR BERT R TR E
BRI AEREY GG 0 FALFERDFET UG s bR

Feigd it 8% > ¥ by i3 B AZF L1t f5SOD (Superoxide Dismutase)
TAE TIPSR R R R CE EUE
AFE T R B R im R hE B P BT e ¥4 P e
SR EEX R B &R v e andd B 0E o (e o vuim e a0df B R by
APRERE O RT mF e T R EH oo F o 2R ET
Tk s o ip R il A F anizig o ip b 2 0 0 B e 3 HE R
WF PG evim P R R ¢ cng % & 23 LDH (Lactic
dehydrogenase) g -~ » & 77 ¥ ik 4L F P4 G o veime him e G B
Eeehiiag e o

AfRAE L Rt Z2 RN FF 2R (FFH)E (4T
But) m3r ROAME DT RAE3~10g PRLIEL (ATHD)
FVATE- Ko SRIFREFLET A RFIRIBT S FE
Tk SHRBRAELFAY R E YR 3 T EKOGE) VT = BiER - A

B Hek B 5 - B3 % 40HWA) 5 = @ * 230 dok £@ % mF e

AEA A EHY P2 m3 d BET Mo 5 o
(Axge) ise: TwALLEL > i FF WEES
k) P TRwFoIFEI o kE- B IPRD  Ric? o F
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WA EEY R F A o (P REL) PR R IR LR
2Rt AR R KT F R E T AR TR
(LC/A+H)APCIUMS/MS )i 47 4 fiim 3 en B E4pkl 7 €08 R $ 3.3 ng/mg
(Asarum sieboldii)¥] 3376.9 ng/mg (Asarum crispulatum) £ §E > 5 ¢
¥ * et lm % (Asarum heterotropoides) 5 T4 pclz £ 5 42.2 ng/mg > 4
SR B ELR T E1/405]1/100 - F ¢F 222003 F Ed & Ttk sk b oh
Armgagd B sue o ReRERERR o mERRe
(4 K AT(TLC) » B R HMA K320 N F E8m (B
£ 502ug/ml) > 7 v RER RR S A AL LR BEARE o fF
4 FR3t2004£2% 27 P (¥ $£EF 5093000075655) 2 F fof 4 IR
d R 40 Bk E SR F &SR]k R % 22 HPLC
ok 2R AR ELRELERE -

bd FREEAS EE AT 08 PR HRE 2P § R 245
clBEEAE T EAAFEALCAREEET 2 RFE 2
Bl FWE LR FHERILE M RF R AL R
w s FrE w3 f e EOFEL 14460 - R
1997 % 2001 & > X gEik¥ F?F’“’/ i@ * 5 EARAR B S R R R R GE
TP SR amg SR A MR B R X DEEA T

N5 B R AT ALY 0 U AR Y S AE 0 T 0 15 AT
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%i # g oo 3 Y i wRiE B2 (retrospective follow-up study)F”
T2 #(1997 3 2002 ) = L F Ol G vl 7 0 BT B R0
AARAE A 2 5200 5004 b (w2 i@ 2 Bkt § o (chronic kidney disease,
CKD)=p 47 o

4.8 &

BERERE MR R AAE TR AT Y RFH L
o EF Tl BES R E TR LAY § 8 T A AR R
0 FoA RIEATE Bk oo

5.% (g

XL B EA T IR MR EIR 0 G B i B (YR R s
Tk b STIRMUEG o dEbR kR 0 A R MU ARG R o AT R
AR RS A F R 12 b0 R o (S #{?‘%(plasma renin
activity) ~ & ¢ BfﬁE . I (angiotension IT) &% it o 3@ % X L BEETR] S R
2&@’%mk}%% Lﬁ?ﬁéﬂh FOREE R IR > ¥ O HE3-6
%E’%ﬁﬁ10%@@¢@ﬁimo%yiﬂ,;¢@Mg%@»4
WS e R BB 6] vk AL g
6.7 ~ %
FAAMRE MR~ F oSS B EER B EA I §F

R e B LR R S TRAET P NF AP =R
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HO R e R A R R E 5 F 5% @ * 5 A~ 4 (Aristolochia
debilis) 5 B~4 38 (T4~ Tok % HP F A A I PP L5 Wb~ wve

. . s Y 50
TEF Ay > B IR LB i niT Y (501,

St

TE LSS CSBEr R S EHLLIETRE L2
FrE VAR BLGE RS T AT SR AREP NS K
W Rn s T RN E RS T R e ] BB AR Lk ot ok p
FRHR A AT o FM AW L B RS g g Lot
[mo%&iﬂ’ﬁﬁ%%%ﬁﬁﬁ%&mmmMMawmmmaHmw)
NEFEY S RAN0FBEHE D R ERFIRE CABALT P
i 5 v Do B4 o WEF R ? EBhS T RMAR) RE G HF

PLE R frdi gt B A AW M BT 8 L fok BY B 4Eke

(531,

¥ 8 5 EeR
i ¥Ry

B % &> ph (aristolochic acid)E_ 5 E4f e ¢ 47 5 ehd B F S
&’&iﬁﬂ%&ﬁ&m%mmdemmmBﬁ%ﬁﬁ“w%&ﬁwgugm,
B AR AER AR AN O RBFIRT NKITR Lo L 2 A

B o blArAA-IF e F(E. coli, Ps. Aeruginosa, S. faecalis, S.
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aureus, and S. epidermides) =74 & W H3-10% 83 B 2 ;é‘v—‘ﬂk B B
F2(0.9 mg/day)shfEh @k ? R R T S AR ERB IV iRl
hEurier Bl § B4 ST Y 8 BT S LhiEr > A
€% 22 v |phospholipase A, (PLA,)F B : Vishwanath# JLA v j3 8¢ & R
¥e1 Bt Vipera russellist # PLA, #7531 42 | BSrPE K% ¥ 4L 5 T 4L 97
Fr410 Marshll e 154 35 £ &7 12 3r 4100 4 PLA, 3 4o e | B %rd -k
#6070 Vishwanath#-54 it p A 45 B8 & /F i (human synovial fluid » HSF)#
calcium-dependent neutral active phospholipase A, I 4% ] B %r¥ 24 3%
KA 1S > s B % 4Ee 2 HSF-PLA, 38 & 164 RAr¥ > b 45 ok "5
g8 Eipirdl s EHEF M A e a angelakd o 5 e
W R T e § 48 K R PLA, (HSF ~N. naja -~ porcine pancreas ~ human
platelet) 3| 4= g% B -K f2 1% * ; Rosenthal = e $ 48 .5 LT 1 Hr ]
d AP Mo & 3@ K dcalcium-dependent neutral active phospholipase
Ay & 445" o Lindahl 3 3.Group 12 Group Il PLA, ¥ &pcs 11k % e
AdFe o @ B 4R Y indomethacin $FGroup 1T PLA,sdr 4] 52 % 3-4
254 Group I PLA,™ o 2.7 3 WHN§ ¢ » W H I BT s
Lenps PO mm e 5B EL RGBS R Y 0 5§ ELP P
UESEY 3 RSN I P B L VW R Ll V- hn

1960+ & et B o
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BEAES T G PR A odat LBy b b TR 0 TR
¢ Fr4|phospholipase A, 7 B o Denson#” 3 phospholipase A, % > ¥ Jfis
TR RT R & 4 0 FIM R ATRAE Y RET 0 g I
calcium-activated potassium channels (“big” K* or BK channels) » @ #* % #
A_jf @ A3 phospholipase A, —arachidonic acid &3t & @ 3E & bk id
20§ &I (250 uM) § #74IBK channels £47% - ¥ ¢ 5 B4 § &
THTE KRBT VIEREY KA P ERE 08 SRy T Y

o Frdlarachidonic acidit & @yEpe s kg iKzcp d AF Eeon | 5

fu [65-66]

ANEE Pty

L1 B kdhphdrd T BR 58 d%d

1992 # 1t 41| ¥ Vanherweghem!®” % 4 » A Z4pt 3 4 Pidieis
B R4 s i (rapidly progressive interstitial renal fibrosis)® i7" k4
TRBOFA > FARFTEHELGIRY o RPEWLNTES > 5 LW
w1991 2 1992 & 2 (7 T RS TIo R #94 § 7 8L ¥ R X THRE
LA TEAN F i A el U AL I R 5 J “E(extensive

interstitial fibrosis without glomerular lesion) - & g i H = W EAE
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e rf{f_3 BY R E i g i oo 3 g Vanherweghem % 4 i {7
pree f*f)?p‘ﬁﬁ AR AN - BT ARI ISER AT AR B D
1990# 5% § ™ 4 » 73 vk ® ¥ J5p 2 (Stephania tetrandra) {v
E 4t (Magnolia officinalis) g™ £ {8 » 3 1992% 6 7 SF#5 $525 £ j8_
1990 % B 40 PR % 37/™ 03 2313 7 mﬁjﬁ ' B Ek G 3?1,&'% TR
Wenfi-a) > “ﬁ ¢ drd fr 0¥ i B %12 (4 0 Vanherweghem % A &
1993 & % £ % ?:} ﬂlgg.}?a&l]m%ﬁa@,é’ééﬁé‘.@ﬁ’”* B FE Mo AT
{5 %% 1994 # Vanhaelen'® & « 1 & & ¢ k& 4 15 % (thin-layer
chromatography » TLC) 4 & ** I B¥ & © 124+ %73} 45 [# ¢ (Stephania
tetrandra)s¢ 244 - FIH P 114238 % & [# = (Aristolochia fangchi) =
Aom R FlERr P R ES HEET §‘k#"ﬁ“)ﬁi%fr’ AN
% %% % (Chinese herb nephropathy, CHN) ° 2 {51996 # Schmeiser {r
2000# Nortier 7 & & ¥ @ TR R A ¢ R WRE £ hE %
SREEL F PRPEONA L fEEr > RV E S TARRREYS
RFET M B- HAi™ ® 28 T4 Y BV L LERY
¥ f%%"}]%%m 1R RF IR LEE i%ﬁ%‘ﬁi?‘-‘)?ﬁ% (Aristolochic
Acid Nephropathy » AAN) ¥4 T & 5 g Tz B4

A 1993 & Vanherwegherm ¥4 7 M@ ¥ # T p it > 11

ﬁjﬁkﬁﬁ&ﬁ@ﬂ@ﬁ*ﬁp”:j%mw2wmm,g#2Mm
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SE19 TS S g g g RSl T ETRROLT) Fa §
B SRS TSR E R BRI RS T ¥ (TARC)RE A
C A A SRS 0 FI L RFCE A 78 B Eaig v g
oo AREL F 2003 £ 11 0 4 p 2F BTG5 LR OEH
(BPe ~F 28 ~BAE -5 %L T E)-
BEGRLEELHEF IR S L A A FREL
H ¢

3,4-methylenedioxy-10-nitro-phenanthrenic-1-acid » 4= R|2.1#77+ ; H ¢ 5§

S ARSI T S 3| ESE

COOH COOH

< NOZ < N02

OCHs H

21 5ELBI(WEE LLE (- B)H F RS

12 5 £@mTRp% (AAN)

B IEE RS S e Y ER R FiEr Y ma g

bmi-;‘;? v j‘g%"%% s I AFE NG /bﬁf‘ﬁﬁ%ﬁﬁ [ERA | pE A g{%
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fornh BERTHRENRABBRLLBRIY -5 I ERLEFLRE > T
FoRES Rk s R MR PR R SR E AR S SRR A TR beta
2-microglobulin ~ cystain C -~ Clara cell protein ~retinal-binding protein ~ alpha
l-microglobulin? #& i< 4 + & 39 (low molecular weight protein, LMWP)
# 412 neutral endopeptidase (NEP) 5 U7 s 2 4 4z it 3§ ~ 6 s 3 38 4e o
w ? % ¥ (blood urine nitrogen) -~ #“fi& fiF(creatinine) + = - & 5§ ¥ =
P e FRTRIRAr SR T e SR Fle 22wl s
B e HR G FIRY 28 Fepn $3R T ¢ 57 (tubular necrosis)
3% % JLFanconi i iz # & & TR w80 8 g P s B i z 5
LY B AL R P )EHE R
ek 2 2 hel(d - S)FEIRY § 5 LAY F PR
REWLS EHPETHR TAINERT | FR 7 BRIFEIELTR
o &Jﬁ-‘gz‘?\#ﬂié e £PR* 2 8 TARER S Rk TR
LS TAETREE T AIRET P ERTT L SEIRET RS
AP T RTFIRR A AR RS - REE T AN T

KA R S HNREE Y BTN - R ??‘i[%h%{@—ﬁfg&gfr

lf“\ﬂ

PRIRGE ESRRES G DRk IR SN R 8
§ ] g p? & fo(2)Fanconi g ik # o

¥ 3 - B LS K4 phid & PFanconic syndrome & Jﬁ Fite &
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¥ ¢ H R P HIf g Fe(proline)® ® 0 @ 4 & fe(glycine)B B ¥ 0 F]
THRITHT R ARG DR E J % (low-affinity transport
system) % 3 FLfe|ti&E ﬁ;f] J& ki(high-affinity transport system) & & i3 &
N RS LRl Pk B LELS I o R S
W T Tl H R e Lo B EH PR
BELERTHEDLE HEFRL ETHFRATIE] A ALLE®
e § B 4 s 1t (extensive hypocellular interstitial fibrosis) > &% ¥ %] &
%?ﬁéﬁwwMammw’?Hiwﬁ@mﬁ’ﬂ;ilﬁiﬁﬁ
Feas ARSI IE$E 2 g\ & (Bowman’s capsule) % & fF3) 5 FIph £ fw
ok o R ER ) ERF®IRE AR BIREER E o Depierreux & A ji
B Y B IER A FR L ERA R RFA S TR
Fraan o phagdnid L FInaTed T FaRibrat ¥ 3 BT F 0 Afd

Rk T 547k A (global glomerular sclerosis)m i = % &5 .

§ 4L S0 A AL e

ETRAE L B ESLRETBE S G HRERIR KT L e g B4R
2 7172 85800 o 4, 1994 & Cosynst L 4% 114F 2 = 2¢ X # T R R
£ RA AL ST 0 B e PR R TR B ARE iR A AL TR R

b ine D LA ) B9 - ks S A el R okt
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# 2% ¥z B (Transitional cell carcinoma, TCC) % # 7 o Schmeiser% *
B R ETRREF TGRS RS T & b SDNAGE R P
(adducts) » 5485 T EDNA S F S 4 5 T2k G B kike o o
B G ELRARRBEIORB T 4 B 1999 1 Cosyns® 4 -
HEREIOEY T ETHRELF PIOB TR i [ AR o Ly B Qe
RN PR R R R AL S O i
blenA £ A8 s FREE AL m e 3R pS3iE A & et Ao ps3 g - 4
R A F] 0 IR S A SR A B S0% 20 s pS3eh ik 5 MY
WEERET Y R ET R F s ok SR EpS3 R M- R FN
20004 > FFEE s A SR W IEEE § R f 2 OTR ST B 4 9105
RAEPEHEHO B R BEFRRISIT R THRSE A 2
PRFERE SRS pREETRE 2P 18/ (46.1%) F
W FR g b L s ¥e g (urothelial carcinoma) - 19175 R (48.7%) s B

A e EoRge Y Rehe it %R (dysplasia) o W3 A R F R

5]

¥ e e (701,
uﬁz TP AR AR A e R A E BT R YL H
i Brene peap 20 B0 FEE R 0 200 (19941 19984 ) B

% %51&%»]'«:;@& T2 BI(19953 1998 ) » $4325 s bl & § PdF B L TR

~

MM R FEEREFTOT RSP BHR B P FG T PR
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PEFTABESF ST B R EORE S PR EPFHEERT) F
AEME RS Rt LTSy 2 i RETHEREORLE
BRI P30T G o AR REEER N L s F R
PlF - o bl4F 2 SR FUR™ 2 8 TahR (AA-T 7 pg/g)en? # - B0
m FRTH T Fop % (Fanconi’s syndrome) % 14 5 g P 50 8w g
W - 104k § ZFR* 2 8 Ko Fa EREEL F o - Fanconi‘s
syndrome & 7T F B o 4 om0 B0 L fIPES o

m}}i:, LEFE B T EES(>2005) % e &% B chlE ¥ e Bl

[70,87] |

2. B Epz FPiTH
B LY 1982 & 44 4R H ¥t Salmonella typhimurium™ 12 8 3 3
7 %[92] - 1983 &:LMengsVL ke = ﬁ/\ﬁ’x}f‘\ B~ RE S ft;(«‘)%'f’i ,

¥ 3 % % J(adenocarcinomas) ~ # ¥ J§(malignant lymphomas) ~ & %%

(aednomas) ~ ** J§(alveologenic carcinomas) » I * T 5Cdp T 5 A F H
B F b Do 41991 # 5 Schmeiser % 4 12 5 E R E | <
BLA 4 RSB R R AT D F g B o Bk

B IIE L MR e 5 ahc-Ha-ras codon 61 4% & b st s 3 & 2 ATHTA

transversion X % > & @ 513 fpE > gL AT T ¥ B SRR Rk AORE



& ¥ R T > DNA4F @l Pradenine ¢ i L dTMPA) = & 4242 % > % guanine
B A {rfrdCMP) & & 44t % o Broschard % 4 # > 44 § TR G & i
adenine ™ ¥ ¥ 1 {rdAMP 2 dTMP# ¢ T 23 g5 > @ 4842E %5 chguanine
=% Pl4ed  AfedCMPR &> #70 B EARL € 38 1B 18 5 PAT>TA
transversion B 2 % P9 o 1995 & Broschard % * i& — # % M dA-AA-L
dG-AA-I and dA-AA-II § B & B FDNA%E @ > @ AA-adeninedt 5 4 +*
AA-guaninedt S £ 4 { B R 2% B ELRARIFPIT &
Mac Z £ Fi# 48 8(Muta™ Mouse) e $JE 7% 9 »Kohara% 4 115 p &

o7 15

e

LB R AR E 0 - - 5T B&AMac Z AFERE
Bl L& Se R o RGBRBRER L Fllac ZAFfrc T A Fleh - B EF
R % 5 (mutant frequency, MF) » 2% R ke BF % § ~ T
B RBIEER A - A iR BE el A FE 5 %
it s 2 AT TA transversion R 5 = 3 4 ¥ o

B EAR R IEY > L5 Z{rDNAA) 2 42 % 47 4p B > Schmeiser
% A 3H1988E % 2kt e =% PP % 4 (P’P-postlabelling assay )
448 ¢ (in vitro) 2 # 4+ (Wistar rats)48 p ;] 1 AA-DNA4E % 4 1> g2 % »
e # eh ;2 A-Sprague-Dawley ratsem § 7% ] {7 AA-DNAgE 2 1% . g5
% &b e € f-DNASE S > deoxyadenosine 8_3 & A% i3 &F cags & > H =0 §_

deoxyguanine o .t JIF e § 4 EL TR o 4 H TR T AL TR T
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AA-DNA%E 2 455 15 Schmeiser & 4 4] # 2zbt it I =% P16 25 2
PIRSEEARTHERL 260 v RFERTROHBL > BEFR
AA-DNA%E % 47 (dA-AA-T adduct) W3R & iE5 5 4k T 5 % 5 ¢
T e R e Bieler &5 8GR TR A DTRE R 2
Bopl 28 T AA-DNAGE S 4 0 3 TLAA-AA-D adduct 78 & dG-AA-I
adduct 2 dA-AA-Iladductk e % » @ JL IR % 22 X BH - v JRAA-T#T3 2
RN FR A TARHFFORBEE RRSE SRS T L
PRLT R R R A A A DA R a0

B G APl S M N B T e i K R Ak Flras Ak Fle e s A
Flps3 4 AU m s B g ANEL ek S 1 225 7 DNAGER
A B LA TR oA F A A N L AR PR AAD
frAA-II§ LR p SRR A8 B B B2 5 (5 Topms=
it & F aristolactam) - H A) = L = BT F 1 1 & S aristolactam
nitrenium ion § LRGP X A F F i 0 &AL 5 E LR -DNAG R O
?o Schmeiser® + 4 & &g sh 1% < BIFHEE PP (S9) ¥ 5% 4
B KB CAAIrAA-TL i@ 25 S DNAGE L - SOp i RpE 2 od A
3 1B R (nitroreduction) ¥ 1 ;& it s #45 w 4" %4 nitroreduction %
B R EHMHBELOE RS BB EKE THR S HS

N-hydroxyaristolactam > H ¥ i i& - % B & = aristolactams # il i



Bamberger € #7# 7| ( Bamberger rearrangement ) @ 4% £ T = =
7-hydroxyaristolactams!'® » 4c]2.2 o 2. 15 T § B RAIFHE MR A H
B g erE 1Y (R Bhae 4 B~/ 3t eytochrome P450 (CYP) 1A1 ~ CYPIA2
2 NADPH:CYP:® /& psl'1 X g ch B enpiop M e 20 7 LB RS
LB EARET, S DNA 42T 0 srararge gl Ak 2 CYPIA2 2
TR ok 88 i 2 NADPH:CYP & R pr HAA-Tsh B R iE iV 4 &g o ¥
’t > NAD(P)H:quinone oxidoreductase (NQO1) -~ xanthine oxidase
(XO)!')\ DT-diaphorase ~ cytosolic nitroreductase - prostaglandin H synthase
PHS)!M e 457 12 B & 1 AA » i& @ 22 DNA {F # 25 £ DNAGE S o
MY E EARRRAREIrREBEE LESHFOF TR R ITS
A RERIRECE] o AA-DNAGE R F AU RIS TRk § (3 chind 4y
o PFDNAGE S 4 & 8 TR TR % dup 4 B EEA E L v AR E T
WL 4 8 g B % e A PR frie Rl %0 B W= B & -
gt o B9 a8 e E dA-AA-T 0 = & ea B 2 dG-AA-T fr

V|

dA-AA-TL @ AFrendl & » @ gt ip e cPDNAGE R F» -+ REZ 3 &
pppenm sk R P o pS3E R F R A Tt 5 R T L

P53 Flen R % AZES0%0 A SRR IR pS3 A TR .
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f
\.

Niydroxysristolssiam
Bamberger
TECTER gt aristolactam nitreniu-nﬁon el
/ lllu
m
RV N I8 ' ] "X
= e,
.
€G-AAL GG-AAN EA-AAL EA-AATE
E H
g H

(Pfau W et al., Chem Res Toxicol. 1991; 4(5):581-6.)

W22 8§ TpaT R AL DNA £ st

Cosyns @AAN:}?; B e fj"\lg_i A v I;L*F 7B A AR @ iE

g,g,z,fj\lgj A fmre A B A AL

E4

F

'

"% P53 3-v9 B R & i o BT pS3

ﬁﬁ%?ﬁﬁg%%ﬁ?%%%&ﬁ%@ﬁjﬂ%ﬁ%%“Amiiﬁ

>

LB HE BRI RS ER N B 4em 23
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http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pfau%20W%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Chem%20Res%20Toxicol.');

H-ras

(Arlt VM et al., Mutagenesis. 2002 ; ]7(4):265—77.)

W23 5 B n RpisE
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http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arlt%20VM%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Mutagenesis.');

2.1 5 &4piki * DNA § 2

5T R 3 ¥ (reactive oxygen species * ROS) ¢ i€ DNA
HugrB A A4 g4 dhAm HRXF CDNAG Z -7 DNAS 4 § L 123
ok frt MU' o 8-OHAG ( 8-hydroxy-2’-deoxyguanosine)ist
A A B A& hF i DNAGI § 45 1% > 8-OHdG 3 - guanosinedit i
P42 AR0OS 04 § pd & ((OH) } > deoxyuganosine (dG)E_DNA
de R 2 — o F e P DNA# fAguanines % ~ B = % 4L § L 15> 25
8-hydroxy-2’-deoxyguanosine (8-OHdG)"" ') » 4-§] 2.4 57 > 8-OHAG¥ 114k

OGG1 (8-oxoguanine DNA glycosylase)*” *% i | 2

8]

HN 1 H‘.? Reactive oxygen species

sy P~N (ROS) R A ‘5—-0H

HOM,® 0 HOH,.L o
F

OH
2-dG OH g.0H-dG

8-0OHdG Formation by Oxvegen Radicals

(Kasai H et al., Environmental Mutagen Research. 1988; p73-8)

%] 2.4 8-Hydroxy-2’-deoxyguanosine (8-OHdG)2_ 3}

B MR ¢ R CDNAG T - A 1Y A
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¥238% (micronucleus test » MN) X p[3# 5 TR E L ¢ Wi T > F IR

4 125 uMI 50 pMRF en 8 ik B o Aot 3 P B 3 4o - 2| DNA
BE e o Bl ¥ kgt KWRI- F it § (2,3-diaminonaphthalene
(DAN) assay){r 8-OHdG & £ m¥e 4 ¢ > R 5 K4k R + 3 50 pM

€ ¥R- 3 it § {r 8-OHAG 7} P & e 41210

¥z 8 ML\ e

DNA ™t 71 iy 5 & 47 jis(Microarray)* £ i 78 Fldp & Hiiv &
% #j%_Southern blotting ## E @ %k : # e A FM AT+ a6 + B
F e B R T AL AR A P hete B Y A AR P L B
7|8 b 4F 40 5138 (7 32 % (Hybridization) s i i s iBI32 < 35 4L i
EoORRAFIFT R RE o d %Y DNA & RS & 5
Ik - i Fla Y iR P € e B2 & cDNA it
R FIEA A TS P o T A F S P R R AP P

BRAFAEGFRE T 7 Efemt L AR E L7 FuldH <

W

\F‘lﬂ

FECRGAP TR EP 0 E B AT HGIT R e e

%?“

DNABTE A fs 7 2 17307 S BB EF Hwme FRAF e A 281
B TS R B S| BEE o A T eee ) 0 & 1987

£ Sk > FAL T kdEdont L F) ¢ interferonshgs U
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TP AL R F1 S A AT AR k8 45 g Rl e P g e

T

1995 & 5 =t 4 Patrick O. Brown® 3% ) ; &- MLAp 7 5 = &
E 1% 4 F](Saccharomyces cerevisiae)’e » B E_# 1997 & AL 3F E 41 &
RN EE SRR L YRV EERURS Er L N

/

@7 d R R I B AR Rk R A

~\

FRE BT @ d

\fﬁ

3 EHE - B AR RTF D
g @ RF S AT T I gk o F R MO A i &
BLREL N 3 > LRI Bt me L Flenfp 3 (7%

e g ilAz- GP A A Auc R AR g2 0 i i

&

o FR LGB R

B foiE e P pF [ egF Bl o

~m
Tk
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=

%

A
pr

F R E ARG LR 3.1

HK-2 cells

l

Total RNA extraction after aristolochic acid exposure

v

Hybridization to human whole genome OneArray™
(in triplicate)

{

Microarray cluster analysis
|

Immunomodulation pathway DNA damage and repair pathway
NF- k B as a central molecule Decrease of gene expression of DNA
from network analysis repair factors and anti-oxidant enzymes
qRT-PCR of NF- & B-regulated genes qRT-PCwaestern. blotting of DNA damage
response and repair genes
confocal microscopy for NF- £ B localization
Comet assay

NF- k B luciferase reporter assay Immunostaining of 8-OHAG

Micronucleus test

B 3.1 %Ko
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AHER O THEITE ) b A e $h(HK-2 - BCRC 60097) 0 B fi 37+

F o FF A R

5 T E s B (AAL D AA-IL = 41% : 56%) R p Sigma - MTT
(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide) P& g
Sigma » HK-2 ‘m*¢ }% % ;% keratinocyte serum-free basal medium F p
Gibco - RNeasy Mini kitf p Qiagen, Valencia, CA - p65 subunit of NF-xB
rabbit polyclonal antibody (ab7970)Fp Abcam - SuperFect” transfection
reagent FEp Qiagen, Valencia, CA, USA - Anti-8-hydroxydeoxyguanosine
(8-OHdG) monoclonal antibody (N45.1)F p Fukuroi, Japan o Novolink
Polymer Detection SystemP# p Novocastra - OGG1 B p Novus Biologicals,
Littleton, CO - p21, c-fos, caspase-3, Bax, and a-tubulinffp Santa Cruz

Biotechnology °
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AHED ¥ BT L n%e $R(HK-2 » BCRC 60097) » B #7 %

8 51 ¥4 B 7 91 - HK-2 3 % fkeratinocyte serum-free basal medium
(Gibco)® » 7z 7 Sng/mlehe e A 4 & F]F > fo 50 pg/mle?s 2 2T 2

WEPP > 2 532 % 0 237°Cir 5% COs £ 47 B % -

B LA B (AAT (41%) e AA-TL (56%))PEA Sigma @ ¥ 7% &i@ B
Wihs kP ks 2-30°CoHK2 wmPe fd % 32 4 B ¢ (75T~25T >
63U 45243455 & 96 T ) & 24 ) B 4r ~ A R B RS EARL(10-

30 & 90 pM) » £ E 35 K 24 ] FE 5 A ¥ e r 30 UM Fh R 3

| 75 14

% 1~-3-6~ 12?‘”24 ’J‘Fg"r“i}/ﬁ»’“i “,Zf 2,% ”,%{g%‘ﬁﬁg‘i’)}m’?éi%%'_ Rl

b

fmre * PBS Fikd o BT TR P ko

% ~ MTT % i& & P&
MTT(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)f&
B Sigma ¥ ;3 % phosphate buffered (PBS)? » ‘w*z 1% i 5 ip ?ik%'% d MTT %
A g o BHK-2 fm?e fd e 96 3L 45 &% 75T ¢ » i 24 /) PFerug & o 4o >
ek B en g EARL(10 30 & 90 uM) > TR B & 24 ) BF 2 F ALt
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30 UM £ £ 3% 1365124024 [ PF o e d 5 5 8 %40
Fhinim®e st %% {5 & ¥ PBSH %A & 0 £ 4 » §F 0.5 mgml MTT:
mEE R AR o i 4 P PFEE 5o MTT € frim?e @ chgbza pe s & fis
(succinate dehydrogenase) ¥ &35 = ¥ ¢ % & (formazen) > £ §1* 10%

SDS/0.IN HCli% f2 ¢ % & o f1* microplate readerif] 570 nm+r 650 nm

d 5 B AE himie i b E/F 4o » & KA e ok
)*100% o By 2 L2 E R L (mean+ SD) % 77 F Sk ehE 47 =X B A

X

£ -~ Total RNA %3

BimiefE e 75TH ¢ - B P4 r 3 FIRE S E4R(10 ~ 30 & 90
UM) > 335 & 24 ] PF 5 B4 » 30 pMEnS EAAE > £33 E 136
12 fv 24 /] pF o B 2 ",f 78 kg awie Rk 0 % PBSHAS
=t o 41 * RNeasy Mini kit (Qiagen, Valencia, CA)i& {7 m#2 total RNA e3¢
P~ o £ ¥ 4] * Beckman DUSO0 4 3k 3k & 3*(Beckman Coulter, Fullerton,
CA, USA)it 7total RNAFZ_E o £33 Aggo/Aggott B = 3t 1.8 ehfk & 0 i
- # 41* Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA,

USA);*= 1 # total RNAF "« 5 3 % & & RNA integrity number % ** 8.0
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B g Tt A TR TR R A T ¢

T~ A FIL 5|4 A

#-5 pg total RNAF| * MessageAmp' " aRNA kit (Ambion) s d d R E
hpE g B R H Stk &£ o £ {8 (PRNA (amplified RNA , aRNA)E fr
¥ %4 FCy5 (Amersham pharmacia)i& {7 % %o #X {¢ frPhalanx 2 & “73%

Eoize & F R R > ¥ Sk 7_aRNA £ Mouse Whole Genome

OneArray™ & % (Phalanx Biotech group)if {732 & K Ji » *% 50°C ¥ # —
oo ks ﬁg‘d”/%‘/i@ﬁ% s B R - M LSk d & P A

% o LK P e S N o T4l * 3R B Axon 4000 Scanner
(Molecular Device):& {7 % 55 & chiFpy o ML A FI A 7R S enE R s

3= o

£ J1* Genepix 4.1 5=<(Molecular Device)4 17 #rf8:8 (7 & £ % & 4
17 & —Bhamu g s d #r“,lrt BEA P B Nk R FAg iE
2N Adrdl R A 0 & B UBRSRI L ] 3 R B o 4RI 1B P D
at pl %%' 4 Limma i& {7 Normalization!'* » 8 5| & oM A * Gene
Expression Pattern Analysis Suite v. 3.1 #8353 29 % £ F 5 skt
3 RELE LAY A s R ek FUHCE 5 Bcdh 3 2 Tl Gene
Expression Omnibus (GEO) » s 7|%.#% % GSE18243 - x3|¢ 5 57 v w22
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L A Bk & o R S5 5 GSM455880 (AJE &) » and GSM455881

1 * Limma#2 & GeneSetTest# it > K 4£ 3 &HK-2 ‘mre @ > vRit
LRSS EREA L ATIERR CloT g AT B HGHA)
g R 27 B AT IS AT 0 BBJE A 7 Y ArrayTrack 5 4 o
ArrayTrack & $KEGGE /S frPathArt #. /% (Jubilant Biosys) > 3+ 3 352

B il & » 2 N o ArrayTrack

(http://www.fda.gov/nctr/science/centers/toxicoinformatics/ArrayTrack/) >

PathArt# i< (http://www.genome.jp/kegg/pathway.html) -

gtk s A i BiblioSphere Pathway Edition #t #8 (Genomatix

Applications, http://www.genomatix.de/index.html)~ $5fold changes >2.0

frfalse discovery rates < 0.05 ik F]2 FF < 3 4§ § B3 ° BiblioSphere
Pathway Edition# 48 ¥ 5 B A 45 5 e ke m A 491 e 508 5 1
Cytoscape#i ¥ k{5 3 THMA DA FIZ B h2 T R FH > ¢ 2

NF-kBp B 2 ) eha 5 el
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B~ TR F BER LY F B(QRT-PCR)

NF-kBfrDNA 2 48 B2 i 40 B 2L F1 4 7 > & - # §]* qRT-PCRAz:uH
Z2E o #HK-2 wmre i THTH ¢ - 538 24 P % 0 4~ 7 Rk
Boind Tpe(10~30 & 90 M) > £33 % 24 pF 5 &8 L4~ 30 uM
f EAFE O EBEE 136124024 /) BF o 3 B~total RNA > 4] * High
Capacity cDNA Reverse Transcription Kitk ;N4 45RNA - A% & & i
SR ARy F &Y > 8% 1 plcDNA{e 2X SYBR Green PCR
Master Mix (Applied Biosystems, Foster City, CA, USA)i&=F J&
RS 95°C10 448 217 40 B PABR95°C~10 £ 60°C~1 4 48 -
A0 ¥mRNAHE 2+ 5 = 8 2% comparative Ci> 2 - = - BF BER* 24
o s> @0 7300 Real-time PCR % 3t o F % * ehit » (F)frk » (R)

51+ B4 319 o« RokenE flics 3= °

s LA S d (NF-kB p65) /£ i & B icsh 2

ot

W fp b f} ER ALY LB U P E e
PR kR S EEAEREKRA0I30uM) > F LA 24 BF 2 ﬁzge}; g
et i v PBS iR Ao fde » ik ik B3 4°C ke iE i F R

30 & 48 o B F 4~ — &Pkl p65 subunit of NF-xB rabbit polyclonal
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antibody (ab7970, abcam) . 4°C 1% — & o 3 F 4 » = % iifl Alexa

Fluor® 488- conjugated secondary goat anti-rabbit antibody % % /8 T % 1

% 3.1 qRT-PCR 3 % it % (F)fcF » (R)51 3 & 7]

Gene primer sequence
CCL20 sense: 5'- GCTCCTGGCTGCTTTGATGT-3'
antisense: 5'- GAATACGGTCTGTGTATCCAAGACA-3'
CD68 sense: 5'- TCTGCCCACCCAGAACCA-3'
antisense: 5'- CACAGGGCTGGGAACCATT-3'
CYP1A1l sense: 5'- ATGGGCAAGCGGAAGTGTAT-3'
antisense: 5'- CCAGTGGCACGCTGAATTC-3'
ERCC1 sense: 5'- TCTCCCGGGTGACTGAATGT-3'
antisense: 5'- GCGATGAGCTGTTCCAGAGAT-3'
ERCC2  sense: 5'- GGCAAAGTGTCCGAGGGAAT-3'
antisense: 5'- CCTTGAGAATGCGGCTCTGT-3'
GADD45B sense: 5'- TGTACGAGTCGGCCAAGTTG-3'
antisense: 5'- ATTTGCAGGGCGATGTCATC-3'
IGFBP3  sense: 5'-CAGCGCTACAAAGTTGACTACGA-3'
antisense: S'“ATTTCTCTACGGCAGGGACCAT-3'

IL8 sense: S-FCTTTCCACCCCAAATTTATCAAAG-3'
antisense: 5'-RAGAGCTCTCTTCCATCAGAAAGCT-3'
LTB sense: 5'-ACTTCTCTGGTGACCTTGTTGCT-3

antisense: 5'- AGCTTCTGAAACCCCAGTCCTT-3
MGMT  sense: 5'- CCTGGCTGAATGCCTATTTCC-3'

antisense: 5'- TGTCTGGTGAACGACTCTTGCT-3'
NAIP sense: 5'- CTGGATGCTGTCCCCTGTTAA-3'

antisense: 5'- AGGAGCTGGTCACAGATGATACTG-3'
0GGl1 sense: 5'- TTCCAAGAGGTGGCTCAGAAAT-3'

antisense: 5'- CGATGTTGTTGTTGGAGGAACA-3'
PARP sense: 5'- GGAGTCGGCGATCTTGGA-3'

antisense: 5'- AGTAATAGGCATCGCTCTTGAAGAC-3'
SAA2 sense: 5'-CCGATCAGGCTGCCAATAAA-3

antisense: 5'-GCAGAGTGAAGAGGAAGCTCAGT-3
TNFRSF9 sense: 5'-TGCGAGAGAGCCAGGACACT-3'-3

antisense: 5'-GAAACGGAGCGTGAGGAAGA-3'
TP53 sense: 5'- GGGTTAGTTTACAATCAGCCACATT-3'

antisense: 5'- GGGCCTTGAAGTTAGAGAAAATTCA-3'
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o] P o % NF-xB % ¢ {4 » 4 » propidium iodide % #| » &2 B iT* 15 4
BB Fime Piend d o JI* F TR L 50 K& s (TCS SP2 system,

Leica)P~ 18 ¥ £ 7% ik o

# ~ NF-kB/luciferase #F { £ 14 47

Bimie fE G 243 Y 0 KB 24 Eaus At o R FATHYL
i #* SuperFect” transfection reagent (Qiagen, Valencia, CA, USA)# » 5 pg
INF-kBE 48 > & £ & » 2 OF H(pcDNA3.1) o S - Redug £ {8 0 4o
> 10 uMng AR o £33 & 24 ) PF o & F I kFPBSHES o |
4v » 350 plenim?z 4] f%7% Triton lysis buffer (50 mM Tris-HCI ~ 1% Triton
X-100 ~ 1 mM dithiothreitol > pH 7.8) » J| # 2| ¥ B #-tm ¥z Jc F 4= Kk o 4o
» luciferinig 7 & J& » P8 luciferase s/ $4 » H i+ 14 relative luciferase unit
(RLUYE 7 » 3 1 65 %t B % 50 5 AR5 B4 A RLU% 11 A 5 A2

B Lip RLU K % 3R -

O~ 2%
BHK2 % fi e 63 5 E 7 » S 24 [ s g 4o 3 bR
18 E (10 30~ 90 fr 150 pM) > £ 5% 3£ 24 ) PF 0 5§}

B RSP ik o U PBS GRS oo B L E S et T Ok
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"2 PBS = =0 &2 4o r IXPBS (A 10l p 7 10000 B 0 %e) o
ek ST S SN A RS B kY 0 B LRE - R P R

DR RSB R~ 70 ul T (0.5 g LMA +0.5 g NMA) gt

S

PO FERR O RFABEATERY 22 F - B EFE 10 1
wig Rt F o0l F OS5 gLMA) s fe e F - BB > FER P 0 R
FETERPOCRES AL ) o BZ PR P E > Fdn? > Fdnd &
# Lysis Buffer (2.5 M NaCl ~ 10 mM Tris-HCI ~ 100 mM EDTA ~ 1% Triton
X-100)) ¢ > # 8 K- P EFCTE kL) B R RORR P H I A
#F Alkaline buffer 2. T A # ¥ 20 & o &7 A H B 7kt > 14 Alkaline
buffer % & A% # 30 min (¥ .25 V;.9 5 300 mA) - #-3 % rﬂi\ﬁt #
2 % » % 0.4 M Tris Buffer (pH=7.5)% 4% > # & ? {o 15 » 45(3c ¥ >k
+)> £ B » Methanol éh% 40 > ## ¥ %K 5-10 4 48 o B~ g B 4 » 40ul
PI (5 pg/m)E %740 > F i 5-10 A48 > 0 ¥ kR Acs LR e W & TR,

% > PR 4P 18 11 CometScore &8 4 7 DNA % ke 42 B o

# ~8-OHAG LA % ¢ 2 A 47

R A e 7 ER T 24 EEY > KW FARE O b r
7k R S EAFR(1030 £ 90 M) B E B E 24 LA 5
o ﬁ"\ﬁ”ﬁ.ml 7} i '1PBS/F IR B # v /J\mﬁ ﬁﬁ' B %/\-2OOCJ’J(%§]5/§F’
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e 10 248 HE e REFR T RmIce 3¢ 2 A% PBSiE {74 -k
& 1™ > 4% 4 » RNase A (100 pg/ml) & 37°C £ % 50 4 48> 4 % RNA >
MPBSF %z =t o & ¥ 4v » proteinase K (1 ug/ml) e 8 ¢ 7% 7 & 4% >

J‘ZPBS‘}%‘J?*E»E_ Lo m B DNAS M 4e » ANHCli®* 5 045 £ % 50 mM
Tris-basei& {7 ¢ {4 & 4 » £ UPBSiHk= =t o ¥ 3% Hy0,(73* 7 3¢ )
Bl 15 m 4 M 2 e -4 5k Ji - 4% i@ * Novolink Polymer
Detection System (Novocastra)i& {7 #. & % ¢ o 4r » protein block (RE7166,
0.4% Casein in phosphate-buffered saline) %% § » iT% 30 4 45 > 5> 2L
E - Madtd o B F 4~ - & 8 anti-8-hydroxydeoxyguanosine

(anti-8-OHdG) monoclonal antibody N45.1 (Fukuroi, Japan, 1:200 dilution)

B 4°CiF* — %> 1WPBS % = = o £ v » post primary block (RE7167, 10
% animal serum) % F T ¥ % 30 4 4% 0 MPBSHEZ X o B (S e A
NovoLink™ polymer (RE7168, anti-mouse/rabbit IgG-Poly-HRP) ?. % ;&
fe% 30 & 48 » PBSjie= =t - | * diaminobenzidine (DAB):& 7 & 4

Fls o RPHRFHPHT  MEFHMERS §-OHIGH ¢ chimPe #icp o

g~ EBEL
BB JR B B Kb PL e im e > 1) PBS 7™ = 4e » SDS sample buffer

A B R AC R n%e o 4l BT ehinse 12 10,000 rpm A 5 A 4
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g '}%";‘.’i » §* Bradford * ;287 30 2 E o BT E ZeF9 T
95°C £ & 5 A4 1817 v F 1B~ 45ug h3-9 F 2 10% SDS-PAGE
- FL A o BRI ke B E BIAN AL 8 (nitrocellulose
membranes) o F * 5% g bk iE 7 blocking & i 1 -] pF o 0 2L E
- YRR o EF A r - & F kI OGGI1 (Novus Biologicals, Littleton,

CO) ~ c-fos = Bax (Santa Cruz Biotechnology) ; — % ¥ k4148 p21 -

caspase-3 { a-tubulin (Santa Cruz Biotechnology) > #} & #ic 5 1:1000 &
4°C 7% — & o = F 1% TBS-Tween f/£= =t & =xt oddo L4 » =
% 88 (goat anti-mouse fr goat anti-rabbit) i #cs: 1:10000 A% 8
e 1 ] o g 1% TBS-Tween /¥ = =&t » & &+ 448 o & {5 1 ECL

R

BR S BPEER A

HK-2 wie A e F9L %+ > ed27 IR PG Hébpe > 217 24 /) pF
A AT F B SR FRk o U PBS kA o L1 EEFHE
Prime > 4o 3 pg/ml éhcytochalasin B 5% 16-24 /] p% o #5345 7 5
cytochalasin B #him®s 33 %% > 1 PBS #i£a = 15 » {1* 7§ & 4°C ¥
T E T30 448 0 BF B H 4~ 0.1 mg/ml “acridine orange %2 55 ¥

BFFAS 10 A4 RFEEHY 1T F LHEARRMTR S
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WP e mre 53 BN 13120 mse b % o e 1 5 ek 0 &

S P S A Sl B R 1000 3R B e o

#h SRR A
10 B By T AL T 5 E AR £ (mean = SD)£ 7 0 & &% Student’s
t-test 2 one-way analysis of variance (ANOVA):& {7 ¥L3* & 45 o p <0.05 2]

> Y B A kol | BEig R X
Trtp R P RFLAE -
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B

7]
iy
i

Y-8 BELBRHHK2 m%d ERPerp Bz HEF BH %
#-HK-2 ‘w2 moe f e 75T & 25T » B P 4c » 7 b )k B chB S 40R
(10 ~30 & 90 puM) » #5 % 24 /| F¥(Hl 4.1A) 5 & ¥ £AJL 30 uM § % &
fe 2% 136129024 /) PF(B) 4.1B) » % MTT 3 H 58 5
FIG AR BE AP E LM o 4oB 41A T 0 WEES EARE R AR
B FEFARM > AU G 81.944.6% ~ 552 £ 3.7%Fr 452 £ 1.9% © 4§l
41B #7m MEF R BREFASE 0 3REFARK > 285 101.1£0.9 ~ 104.0
+0.8+99.8+1.0~77.9+0.4 f50.0+ 0.2 pt 5 = = F BT saiE » ¥*P

<0.001 74 BELE -

A

120 -

100

80 -

60 | R KAk
40 - —%
20 -

0

Relative survival (%)

0 10 20 30 40 50 60 70 80 90

AA (M)

Z = S chdiedp 14 one way ANOVA £ {7 # 8] > p <0.001%%* >

D
=
~=h
RsSid
ok
e
e
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120

100

80 1

o P
40

20

Relative survival (%)

D T T T T T
0 3 6 9 12 15 18 21 24

Time (h)

W41 5% a HK2 e e 325 BEOME2 FTF B Y

X

Z R B codedy 1 oneway ANOVA B 7 #B] - p<0.001*** > 27 5 BEF L 2 o

¥ 8 5 ESLRALHK2 we i FlE BT

B AT HK-2 w2 (s » 3P~ RNA £ 7§ g2 L fofh ¥
EEFMEF R AP * Limma package #2 % £ GeneSetTest » 4 745 3
HK-2 ‘m?e 4% 10 ~30f- 90 uM = f87 Ik & B %4 e mdR s ek FI¥
oo % drd 4.1 #757 > DNA repair ~ response to DNA damage stimulus -
macromolecule metabolic process fr carbohydrate metabolic process % 4p B

R TS N R W R YIS T
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4040 5 ELE L HK-2 % ch Tl FH2 F8A

Biological processes Genes P-values

10 ptM AA 30 pM AA 90 pM AA
Apoptosis 295 4.00x10* 1.60x10° 1.19x107
Carbohydrate metabolic process 205 4.90x10° 4.00x10* 6.17x107
Cell cycle 169 2.40x10° 3.04x10° 8.30x10°
DNA-dependent DNA replication 42 2.10x10° 1.00x10° 2.29x107
DNA metabolic process 236 1.00x10* 3.70x10° 7.43x107
DNA repair 166  3.15x107  7.70x10° 1.75x107

Extracellular matrix organization
and biogenesis

Extracellular structure organization
and biogenesis

17 1.80x10° 9.43x10° 8.21x10?

13 430x10° 131x10% 3.40x10"

Lipid metabolic process 195  3.00x10% 2.00x10" 1.90x10”
Macromolecule metabolic process 202 4.07x10° 3.00x10* 3.18x10°
Mitochondrial transport 28 1.00x10* 3.50x10° 1.99x107
;Z%fg;f:fulanon of ccll 116 1.09x102 1.93x10° 233 x102
Regulation of cell cycle 181 1.27x10% 233x10? 8.71x10°
Response to DNA damage stimulus 122 5.40x107  2.00x10™ 2.20x10°
Transcription 148 540x10° 3.80x10° 2.20x107

41 * Limma package -7 GeneSetTest # it > kBL%E 5 443 i HK-2 wiz chd f~
RIS op g & TAAFFLIIRE -

¥ & B ESRonbUg LT F 5k p 34| NF-xB
% ~ BJE 4 17 (pathway analysis)

- 9 F1* GeneSetTest £ 7170kt 4 H BT € R B ELR " THAI -
A g * P value < 0.001 (scores >2.7 or <-2.7)k % #_HK-2 'w?2 5 5§ %

PRSI T MEFRBIOd PR o B4k 42977 0 F AR

W

A P RITEP LS CARPE A 04 B o PR 4 A
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BMELEFH AN TBREHETE CHRY L ST DA A M A D
I o

342 5 £ HK2 Wi thR FlA BB 2 B S A

Pathway 10 pM_p 30 pnM_p 90 pM_p 10pM_s 30pM_s 90 pM_s
Cytokine-cytokine

! . <2.20%1071° <220%10"% <2.20%10'° <-15.66 <-15.66 <-15.66
receptor interaction

TNF Signaling Pathway 2.00%*107 5.70%10° <2.20%107° -6.40 -3.94 <-15.66
Interleukin Signaling 4 513 1.37%10% <2204107° 409 356  <-15.66
Pathway

Femat"p‘”e“c cell 3 455103 3.10%10° 430%10° 416 -521  -4.07
mneage

Cell adhesion molecules %104 %106 %106

(CAMs) 3.75%10 7.20%10 4.40%10 3.13 -4.84 -5.06
Insulin Signaling 3.13*10° 2.00*10° 6.84*10° 320 -540 386
Pathway

IFN Signaling Pathway 5.44*107 4.03*10" 2.80%10°° -3.96 -3.09 -5.25
Long-term depression ~ 5.73*10™ 3.24*10° 1.95%107 2.94 -4.19 -4.41
IL2 Signaling Pathway 3.04*10™ 3.19%10° 3.64*10™ -3.22 -4.20 3.14
PRELZGFHRNEE PR APE SR AHEL T T RATA

F ~ 3§ £ 17 (network analysis)

B 1 iE- I E B REHHK2 wre (T FIL o F ] > AP
B L * subtoxic dose (10 uM)2 2R A Fl2 B e 3 SR B - & *
Pathway Edition software4 7.5 d 10 pM 5 & 4k aJd? {8 (rHK-2 ‘w2
(fold changes >2.0 frfalse discovery rates <0.05)szk Fl2. F < 3 4§ @]
o - 1 * Cytoscapedi #8 > if &= NF-xBfr= 10 uM § %4408 738 ¥
40 B AL ) o A ¥k F1{eNFKBI 74 U9 4395 & P eplogy 2 e > @
MR e R R d e d AN AN T A DA TF]) o 4Bl 4.2 AT o
% % & Flehk EFU?E?FNF-KBA\ F AP >0 P NF-xBa I RR Bl 27

sk d o BIR T ek B 0B EAEL(10 30 & 90 pM)s > #NF-xB
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4p B eh4k #]> fold changes >2.0 frfalse discovery rates <0.05 17k %] 73t %

43+ —‘ﬁ % 1 AOC3 ~ CYP1AI ~ CYP2EI1 ~ DHX9 ~ LTB4R ~

Bl 4.2 5 £80 & HK-2 % chik Fl4 MR 2 Rl

J& * Pathway Edition software 4754 10 uM 5 % 42k A2 14 «hHK-2 ‘w*% (fold changes >2.0
frfalse discovery rates <0.05)#03k Flzo fF 2 3 4§ B3 o 3 #7028 FI{eNFKB1 4 3 1395
Wiprelogy R E > @ UBES HNAB(d e d A BET AR T A PAT]) o bRl AT
NF-kBi 2 3 B Bl# ¥ i s s d o

RASSF1 ~ SPIB ~ TCF3 ~ TRPVI 4= VHL - ™ 4 —‘ﬁ % CCL20 ~ CCND2 -~
CD68 ~ CD74 ~ CDH1 ~ CXCL2 ~ EBI3 ~ IGFBP3 ~ IKIP ~ IL8 ~ LTB -~
MMP7 ~ PPAP2A ~ SAA2 ~ STAT1 ~ TNFRSF9 4= UCP2 -
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%43 5§ £ & HK-2 0% 3 3 NF-kB 49 M & Fléi 1

. 10 pM AA 30 pM AA 90 ptM AA
Symbol Description
FC+SD  pvalue FC+SD p value FC+SD pvalue
amine oxidase, copper containing 3 (vascular
AOC3 . . 3.840.53 1.54E-02 10.16+1.55 5.94E-03 10.25+1.66 4.46E-03
adhesion protein 1)
CCL20 chemokine (C-C motif) ligand 20 -11.46+£2.2 2.15E-03  -11.4£1.04 4.31E-04 -17.4+4.26 5.29E-04
CCND2 cyclin D2 -2.24+0.13 8.18E-03  -2.89+0.16 2.70E-03 -5.71+0.84 1.35E-03
CD68 CD68 antigen -2.16+0.34 2.24E-02 1.21+0.24 2.98E-01  1.46+0.22 4.76E-02
CD74 molecule, major histocompatibility
CD74 . . . -2.18+0.50 4.56E-02  -2.33+£0.69 2.54E-02 -2.37+0.57 1.54E-02
complex, class II invariant chain
CDH1 cadherin 1, type 1, E-cadherin (epithelial) -2.42+0.67 3.31E-02  -3.97+0.72 6.01E-03 -4.78+0.94 3.42E-03
CXCL2 chemokine (C-X-C motif) ligand 2 -2.71+0.47 1.30E-02  -3.07+0.50 4.42E-03 -2.74+0.20 1.99E-03
cytochrome P450, family 1, subfamily A,
CYPIALI ) 3.21+0.82 2.17E-02 49+1.43 1.43E-02 4.85+1.24 4.53E-03
polypeptide 1
cytochrome P450, family 2, subfamily E,
CYP2E1 ) 2.15+0.33 1.77E-02 4.21+0.78 7.35E-03 4.3+0.68 2.02E-03
polypeptide 1
DHX9 DEAH (Asp-Glu-Ala-His) box polypeptide 9 3.05+0.65 1.78E-02 2.45+0.66 3.27E-02  4.59+0.92 1.49E-03
EBI3 Epstein-Barr virus induced gene 3 -2.37£0.22  1.66E-02 -2.8+0.40 6.80E-03 -1.77+0.31 1.73E-02
IGFBP3 insulin-like growth factor binding protein 3 -3.19+40.41 1.09E-02  -3.36+0.92 7.05E-03 -3.77+1.06 3.95E-03
IKIP IKK interacting protein -1.39+0.04 4.49E-03 -1.8+0.17 2.51E-02  -5.2+0.06 1.94E-05
IL8 interleukin 8 -2.04£0.29 1.94E-02  -1.35£0.23 7.96E-02 -6.66+0.66 1.40E-03

Mot-test i {TELEA T 0 AP SN A FE p<005o” 47 A R T
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% 43 5 S0 & HK-2 0% 3 £ NF-kB 4p B & Flehd 1.(5)

LTB

LTB4R

MMP7

PPAP2A

RASSF1

SAA2

SPIB

STATI1

TCF3

TNFRSF9

TRPVI

UCP2

VHL

lymphotoxin beta (TNF superfamily, member
3)

leukotriene B4 receptor

matrix metallopeptidase 7 (matrilysin,
uterine)

phosphatidic acid phosphatase type 2A

Ras association (RalGDS/AF-6) domain
family 1

serum amyloid A2

Spi-B transcription factor (Spi-1/PU.1
related)

signal transducer and activator of
transcription 1, 91kDa

transcription factor 3 (E2A immunoglobulin
enhancer binding factors E12/E47)

tumor necrosis factor receptor superfamily,
member 9

transient receptor potential cation channel,
subfamily V, member 1

uncoupling protein 2 (mitochondrial, proton
carrier)

von Hippel-Lindau tumor suppressor

-5.15£1.69

2.21£0.55

-2.97+0.23

-2.81+£0.89

2.49+0.34

-2.08+0.34

3.34+0.80

-2.28+0.24

2.01+0.14

-2.45+0.37

7.62£1.46

-4.75+0.63

4.19+0.54

1.88E-02

3.37E-02

4.19E-03

4.39E-02

1.35E-02

2.25E-02

2.12E-02

1.88E-02

8.79E-03

9.97E-03

8.18E-03

1.35E-02

7.12E-03

-9.95+£2.42

2.74+0.64

-2.93+0.35

-2.51+£0.44

4.24+0.84

-4.48+0.77

6.82+1.67

-3.3440.63

2.24+0.33

-3.76+0.16

10.86£1.96

-5.04£1.08

2.49+0.62

5.90E-03

5.75E-03

2.70E-03

1.83E-02

1.19E-02

3.66E-03

6.33E-03

6.61E-03

1.65E-02

8.99E-04

1.53E-03

6.01E-03

3.96E-02

-5.07+1.12 4.87E-03

4.8+1.16 2.00E-03

-4.23+0.22 8.69E-04

-3.21+0.61 1.05E-02

4.81+1.38 2.51E-02

-7.18+.86 1.86E-03

6.95+1.86 6.94E-03

-4.21+0.42 2.86E-03

1.61+0.11 3.94E-03

-6.05+0.58 6.01E-04

13.12+2.94 4.50E-03

-2.91+0.51 6.07E-03

4.12+0.71 5.83E-03
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A4l 8 F SR EF Y F A7 NF-kB 4p b & Flend R

37 - B RS A PER NF-kB ApM 08 B A FI(T AL

CCL20 ~ CD68 ~ IGFBP3 ~ IL8 ~ TNFRSF9 ~ LTB = SAA2; + 3 ",5 :

CYPIAl) > fi* 2 & F B4R e gf F o117 S5 4cB 43 2 £ 44

w0 BA3EEE 10 2 30 pM B E 4 Fe % NF-kB 4p M & 714 LT 15

B2 SD» £ 4.4 557 ot N B A TR el 2 A FI A S % 4e 2

Relative Quantification

450 r
4.00 -
350 r
3.00 -
250 r
2.00 r
150
1.00 rgg
050 r

0.00

Gene Expression

B Control
10 uM
030 uM

#® 4.3 qRT-PCR #£3.5 £ & pa 3 47 NF-xB 48 B 2 Flen ik 3R

% 4.4 qRT-PCR 7£32.5 & 043 #2 NF-xB 4p B & Flend 7

gRT-PCR (Fold changes)

Microarray (Fold changes)

Gene 10 UM AA _ 30uMAA 10 uM AA 30 uM AA
CCL20 29.09:2.81  9.09:1.96 -11.4642.20%% -11.40£1.04%%*
CD68 14580.12  1.01£0.10  -2.16£0.34* 1214024
CYPIAl 1794025  3.83+0.16  3.21+0.82* 4.90+1.43%
IGFBP3 4555029  -35740.62  -3.1940.41%  -3.36£0.92%
IL8 1.69+0.16  2.17+0.46  -2.04£0.29%  -1.35+0.23
LTB 4174027 4174059 -5.1541.69%  9.95+2.42%+
SAA2 2384025 3234023 -2.08:0.34%  -4.48+0.77**
TNFRSFO  -2.2240.68  -2.08+0.12 2455037  -3.76+0.16%**

SD % &% £ > *P<0.05, **¥P<0.01, ***P<0.001 % 7 & X 5L § &40k e v i

HAFARG MFLE A0
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B 5 TR H HK-2 % NF-kB # - (translocation) ¢ 4

T EAR LT & BB HK2 % NF-B p65 d fme i i
B wie o NI R LR/ LR R R S (B
4.4 D-F)& % fm% 4 + NF-xB p65 ¢n3tA : i ¢ (B 44 G-Ik & m¥
¥2 4 + propidium iodide 3% 4 o § a2 5 44 FL(10 v 30 uM) ié - NF-xB
B st o PR RS RJR S KR e b o @ NF-kB flmbe
B A E o PR AL SRR e e § (B 44 AF) e B %A

7T B EEET g NF-kB p65 d fmre Jrig =2 3] mve % o

L~ 8 5&EH HK-2 % NF-kB E i B

L ie- hAER G BEARMEE T R HK-2 me NF-kB g
o AP 4] NF-xB/luciferase 2k Fli& 78 ‘m e feidb AR AT 7
»eFrd] luciferase <& 2o F1 5 10 pM 15 & 4 HK-2 ‘% 35 &
% 81.9% £ 4.6% ; 30 uM 05 E R HK-2 vz chi 7B 5 5 55.2% +
3.7% » % 7 iE 4% subtoxic dose KIF3t B EHLR AT ¥ 14 sedrd] HK-2
fmre NF-kB 07 |4 o 5k % % 4o B 4.5 877 > 78 7 F R chlm#2 (pcDNA
3)friz T e RS chimse o H A kA AR i1 o B T TR cin e
feil § Wiz P gL eninie > B2 RERE > v i NF«B il chime

i om e NF-kB il chim®e o § THRMASLS - B4 LB Bk F S
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i 5 p <0.001 o % @45 10 UM 15 T 124 sc3rd] NF-kB

L e

Control AA 10 uM AA 30 uM

Merge

NF-kB

PI

W 44 5 & o HK-2 P2 3rd] NF-«B & i

Fl* 2 RSB/ LA LI 32 NFB 0= % 4o D-F(% ¢ )#77 » P #* 34 o9 P 4o
Bl G-I(4z ¢ )#77m o &b R EIE HK-2 0%t NF-kB fim® 459 b % » P A 2 AJr
2% 4o@] A-F 9157 o
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Vector — peDNA 3.1 NF-xB/Luc NF-kB/Luc
AA - - - 10 pM

Bl 45 5 % 'fl?"ﬁ& d HK-2 w% $#r4| NF-kB S 14 R
F g AF s = =0 0 P % % 12 relative luciferase units (RLU) % 77 o 4p ¥4 L8 ot B 3

SR AIE 10 uM B E gL i o 0 RLU “f TLR RS P m e e RLU » p <0.001 » £ 7
BHAERILE TP R BEF LB

¥r§ §ELRaATFIEHET R kpPrF] DNA 24
% CmA L HK-2 m% DNA § 2 2 3484 M A Flend 7

F1* Limma package #Z & 1GeneSetTests 3£ 31 .5 % 4 pe 4 #5707 HK-2
fwPe L Flenk 3 4 $7(cluster analysis) % % 4% 4.1 #757 > DNA repair
AR AL FI LS B WA AP BT D 0 PR 0N 2 7h o stress response ~ cell
cycle, apoptosis ~ fibrogenic response = biotransformation #p i 7L %] > » P
B PE TR ATAE > £ 45 A1 M EE AT o & 4.6 7] i T
%2 DNA 245 AP chL %] > & 5 = * #f > & %] 7 Base Excision Repair ~
Nucleotide Excision Repair ~ Direct Reverse Repair ~ Mismatch Repair ~

Homologous Recombination = Non-Homologous End Joining °
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245 5 E2H e HK2 w5 B8RS F b~ W% ib i -

RN AL

AR FURBERANA

Flend I B3

Gene symbol Annotation Fold change + SD

10 pM AA 30 uM AA 90 uM AA
Stress Response
DDIT3 DNA-damage-inducible transcript 3 - 1.66+£0.16* 4.03£0.12%*
GADD45B growth arrest and DNA-damage-inducible, beta 2.68+0.16* 3.66+0.19* 3.00+0.15*
GADDA45G growth arrest and DNA-damage-inducible, gamma - 5.08+0.33* 13.36+0.32%*
GPX3 glutathione peroxidase 3 (plasma) -1.8740.19* -1.76+£0.16** -
GPX6 glutathione peroxidase 6 (olfactory) - -2.56+0.22%* -2.10£0.17*
GSR glutathione reductase - -2.61+0.12%*  -2.42+0.20*
HSPA14 heat shock 70kDa protein 14 1.89+0.07***  1.85+0.10%* 1.41+0.06**
HSPC047 HSPC047 protein 1.97+0.25* 4.1940.25%* 4.60+0.27**
HSPC065 HSPCO065 protein 1.87+£0.29* 1.91+£0.29* -
MT1X metallothionein 1X -1.83+£0.23* -1.45+0.12* -
SOD3 superoxide dismutase 3, extracellular -1.51£0.16%* -2.09£0.11** -
Cell Cycle
CCND2 cyclin D2 -2.25£0.06*%**  -2.89+0.05%**  -5.69+0.15%*
CCNE1 cyclin E1 -1.25+£0.25% -1.50+0.20%* -1.84+0.15%*
CDKLI1 cyclin-dependent kinase-like 1 (CDC2-related kinase) -1.68+0.21%* -1.79+£0.24* -
CDKNIA cyclin-dependent kinase inhibitor 1A (p21) -1.64+0.17* - -
CDKNIB cyclin-dependent kinase inhibitor 1B (p27, Kip1) -1.42+0.08** - -2.8240.11%**
CDKN2B cyclin-dependent kinase inhibitor 2B (p15, inhibits CDK4) -1.54+0.12%* -1.33+£0.11* -1.58+0.12%%*

SD % 3 £ » *P<(0.05, **P<0.01, ***P<0.001 4 77 &7 A TAS § T inme L RE AT ARG HEL B A% OE4FHE 3=

NEATH
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245 BEELBAHK2 m% B R4 F o~ %P A= - RALF R 4P BN §OERAAMATOLR

HEIE Y
CDKN3 cyclin-dependent kinase inhibitor 3 (CDK2-associated dual specificity -1.91£0.25% 9 494009 _
phosphatase)
E2F3 E2F transcription factor 3 -1.21+0.07* -1.51+0.12* -1.84+0.06***
MDM?2 Mdm?2, p53 binding protein (mouse) -1.41+0.11* -1.57+0.08** -
RBI retinoblastoma 1 (including osteosarcoma) - -1.44+0.18%* -2.24+0.20%*
RBL2 retinoblastoma-like 2 (p130) - -2.25+0.18**  -1.49+0.13*
TP53 tumor protein p53 (Li-Fraumeni syndrome) -1.90+0.14* -1.50+0.08* -1.34+0.05**
WEEL WEEI homolog (S. pombe) -2.00+0.18**  -2.01+0.23* -2.58+0.24%*
Apoptosis
BAX BCL2-associated X protein 3 - 1.28+0.07*
BCL2L2 BCL2-like 2 - -2.26+0.10*%*  -1.95+0.06**
BNIP3 BCL2/adenovirus E1B 19kDa interacting protein 3 -2.04+0.19**  -2.76+0.20**  -3.60+0.17**
CASP3 caspase 3, apoptosis-related cysteine protease 1.05+0.15* 1.40+0.17* 1.34+0.13*
CCL2 chemokine (C-C motif) ligand 2 — -1.86+0.19%* -3.54+0.31**
NAIP apoptosis inhibitor protein 3.25+0.38* 4.91+0.35%* 3.2540.10%**
PRKCA protein kinase C, alpha - -1.41£0.09**  -2.92+0.17**
TNFRSF1B tumor necrosis factor receptor superfamily, member 1B 1.67+0.21* 1.61+0.25* 2.35+0.37*
TNFRSF21 tumor necrosis factor receptor superfamily, member 21 1.46+0.09* 1.33+0.13%* 1.88+0.12%*
TNFSF6 tumor necrosis factor (ligand) superfamily, member 6 - 3.46+0.25* 4.55+0.32%*
Fibrogenic Response
FOS v-fos FBJ murine osteosarcoma viral oncogene homolog - 1.37+0.17* 1.97+0.20**
ITGB7 integrin, beta 7 5.01+0.40* 12.2240.12%**  15.36+0.19%**

SD 2 838 £ » *P<0.05, **P<0.01, ***P<0.001 % 7 % A AL S TP Sme  RAAFZ BT HFLE > FRPEHEL 3%

;l;%—rgg o
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245 BEELBAHK2 m% B R4 F o~ w3~ A= - RALF B2 5@ 5 OREAAMATOLR

UETEY

LTBP2 latent transforming growth factor beta binding protein 2 1.51+0.17* 2.47+0.20** 2.50+0.16**
MMP2 matrix metalloproteinase 2 -1.75+£0.31* -2.10+0.22* -1.64+0.21*
NBLI1 neuroblastoma, suppression of tumorigenicity 1 -1.12+0.12* -1.37+0.16* -1.27+0.11%*
PLAU plasminogen activator, urokinase 1.32+0.10* 1.54+0.08** -

SMAD4 SMAD, mothers against DPP homolog 4 (Drosophila) - 1.77+0.14* 1.55+0.07**
STATI signal transducer and activator of transcription 1, 91kDa -2.28+£0.11*%*  -3.33£0.19**  -4.21£0.10**
TBRG4 transforming growth factor beta regulator 4 1.71+0.13** 2.64+0.08***  4.17+0.21%*
Biotransformation

CYPIA1 cytochrome P450, family 1, subfamily A, polypeptide 1 3.22+0.24* 4.91£0.29** 4.85+£0.25%*
EPHX1 epoxide hydrolase 1, microsomal (xenobiotic) - 1.33+0.06* 1.11£0.01%***
GNMT glycine N-methyltransferase 4.49+0.19** 7.94+0.13** 7.04+0.09%**
GSTA2 glutathione S-transferase A2 - -1.85+£0.09**  -2.18+0.26*
GTDCI1 Glycosyltransferase-like 1 -2.00£0.14**  -2.60+0.14**  -4.34+0.22**
MGST2 microsomal glutathione S-transferase 2 - -1.95+0.19* -2.09+0.18%*
MGST3 microsomal glutathione S-transferase 3 -1.49+0.11%*  -2.15+0.14* -1.90+0.13*
POR P450 (cytochrome) oxidoreductase - 1.46+0.08** 2.534£0.12%**
XDH xanthine dehydrogenase - -2.28+0.31%* -2.05+£0.36%*
Human Oxidative Stress and Antioxidant Defense

DHCR24 24-dehydrocholesterol reductase - -1.72+0.26* -1.93+£0.22%*
GPX4 glutathione peroxidase 4 (phospholipid hydroperoxidase) -1.52+0.04***  -1.89+0.07**  -1.25+0.03**
MGST3 microsomal glutathione S-transferase 3 -1.49+£0.11%*  -2.1540.14**  -1.90+0.13*%*
MPV17 MpV17 transgene, murine homolog, glomerulosclerosis -2.02+0.21* -2.67+0.07*%**  —

SD 2 838 £ » *P<0.05, **P<0.01, ***P<0.001 % 7 & A AL S TP Fme  RAAFZ AT HFTLE  FRPEHEL 3%

;A;g\,-rgg °
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245 BEELBAHK2 m% B R4 F o~ %P A= - RALF R 4P BN §OERAAMATOLR
HETE §)

MSRA methionine sulfoxide reductase A -1.80+0.10*%*  -3.11£0.13***  -2.28+0.19**
PRDX3 peroxiredoxin 3 - -1.31+0.15%* -2.11+0.11%*
PRDX4 peroxiredoxin 4 - -1.44+0.10%* -1.30+0.14*
SCARA3 scavenger receptor class A, member 3 - -2.07+0.11*%*  -2.37+0.17*
TPO thyroid peroxidase — -1.28+0.10%* -1.47+0.12*

% 4.6 5 H&p & HK-2 % # 3 DNA 84840 B A& )i B F

Gene . Fold change + SD

Annotation
symbol 10 uM AA 30 u/M AA 90 ptM AA
Base Excision Repair
APEX2 APEX nuclease (apurinic/apyrimidinic endonuclease) 2 -1.52+0.16* -1.51£0.19*%  -2.06£0.15%*
LIG3 ligase I1I, DNA, ATP-dependent -1.80+0.16* -1.60+0.09**  -1.1340.10
MPG N-methylpurine-DNA glycosylase -1.89+0.13**  -2.28+0.11**  1.02+0.15
0GG1 8-oxoguanine DNA glycosylase -1.81£0.36 -2.53+0.23*  -2.12+0.42
PARP1 poly (ADP-ribose) polymerase family, member 1 -1.32+0.17 -1.68+£0.17*%  -2.21£0.15%*
SMUG1 single-strand selective monofunctional uracil DNA glycosylase -1.18+0.22 -1.51£0.11*  -1.64+0.16%*

Nucleotide Excision Repair

ERCC] excision repair cross-complementing rodent repair deficiency, complementation
group 1

SD 5 - 3 £ » *P<0.05, **P<0.01, ***P<0.001 % 7 £ X S AJL 5 TR Pm e W R AFAR T MELR > FRenE s 35 R A b0

REATHR

-2.53£0.22*%*  -2.76+£0.20**  1.16+0.16
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% 4.6 5 &t HK-2 'o%e 33 DNA B840 8 A Flend BB ()

excision repair cross-complementing rodent repair deficiency, complementation

ERCC2

group 2
PNKP polynucleotide kinase 3'-phosphatase
RAD23A RAD23 homolog A (S. cerevisiae)
RAD23B RAD23 homolog B (S. cerevisiae)

Direct Reverse Repair

MGMT 0O-6-methylguanine-DNA methyltransferase
Mismatch Repair
POLD4 polymerase (DNA-directed), delta 4

Homologous Recombination

NBS1 Nijmegen breakage syndrome 1 (nibrin)
RADI18 RAD18 homolog (S. cerevisiae)
RADS4L  RADS54-like (S. cerevisiae)

Non Homologous End Joining

BTG2 BTG family, member 2

CIB1 calcium and integrin binding 1 (calmyrin)
RFC3 replication factor C (activator 1) 3, 38kDa
RFC4 replication factor C (activator 1) 4, 37kDa

-4.3240.12%**

-4.18+0.24%%*
-1.88+0.15%*
-1.38+0.16*

-1.32+0.29

-1.56+0.12%%*

-1.49+0.34
-1.86+0.20%*
-1.38+0.09*

-2.65+0.26%*
-1.61£0.12%*
-1.27+0.46
-1.36+0.19

-3.79£0.11%** -1.48+0.08**

-3.51+0.18%*
-1.48+0.17*
-1.53+£0.16*

-2.60+0.31*

-1.78+0.13%*

-1.86+0.24*
-1.61+0.13%*
-1.35+0.12*

-2.29+0.25%*
-1.83+0.12%*
-1.54+0.12%*
-1.61+£0.21*

-1.26+0.10
-1.21£0.15
-2.33+0.21*

-1.56+0.32

1.21+0.14

-4.32+0.26**
-1.39+0.11%
1.42+0.13*

-1.54+0.22*
1.64+0.09**

-2.18+0.16%*

-1.69+£0.21*
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50 RGE- b chRreh o AP EE DNA BATAPRE AT - FRE 4 4R
B Ak 71+ 8 1 (DNA 124 48 B 2 #] 5 % :ERCC1-ERCC2~MGMT~0GGI
4o PARPIL; fm¥ = Ap B A %] 2 3 TP53 4v NAIP; £ /R 4 Ap b 25 %)
GADD45B) » 4] * qRT-PCR f£3% > % 4rd 4.7 40 4.8 777 » B & 4
FIHCE % Ap 2 o @ i 8 BA TP - DNA B4t ta b A F12 5 /R 4
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Gene Expression
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4 4.7 qRT-PCR 305 4B
AT A ROBEF BM

Microarray (Fold change + SD)

qRT-PCR (Fold change+ SD)

Gene 10 pM AA 30 pM AA 90 pnM AA 10 pM AA  30pM AA 90 pM AA
ERCC1 -2.53+0.22*%  -2.76+0.20**  -1.34+0.05**  -1.35+0.39  -1.27+0.21 -1.16+0.15
ERCC2 -4.32+0.12%*%* -3.794+0.11*** -1.48+0.08**  -1.75+0.28  -1.39+0.54 -1.69+0.35
GADD45B  2.68+0.16**  3.66+0.19**  2.99+0.15%** 2.00+0.22 2.31+0.15  1.87+0.39
MGMT -1.32+0.29 -2.60£0.31*  -1.56+0.32 -1.56+0.21  -2.63+0.16 -2.56+0.24
NAIP 3.25+0.38* 4.91+0.35%*  3.25+0.10%**  1.94+0.26 1.4840.38  1.46+0.21
0GG1 -1.81+0.36 -2.53+0.23*%*  -2.12+0.42 -1.49+0.22  -1.56+0.37 -1.56+0.22
PARPI1 -1.32+0.17 -1.68+0.17*%  -2.2140.15%* 1.13£0.22  -1.14£0.30 -1.54+0.17
TP53 -1.90+0.14*  -1.50+0.08*  -1.34+0.05**  -1.82+0.27  -1.15+0.07  1.03+0.09

ELAR > FEHRPEHBL I R AT A SR ATA

SD 3 #-2# X » *P<0.05, **¥P<0.01, ***P<0.001 # 77 £ A 52 5 Lot cnimie v R H AL F1 L T B
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# 4.8 qRT-PCR #2328 &4 A DNA B4 ~ 5§ it 5 T AP
AFARABTE BM %
Microarray (Fold change = SD) qRT-PCR (Fold change+ SD)
1h 3h 6h 24 h 1h 3h 6h 24 h
ERCCI -1.09+0.28 -1.03+0.24 1.54+0.06** -2.76+0.20**  1.05+0.08 1.02+0.03 1.07+0.10 -1.27+0.21
ERCC2 1.08+0.11 -1.26+0.16 1.06+£0.20  -3.79+0.11*** 1.11+0.10 -1.14+0.22 -1.23+0.36 -1.39+0.21
MGMT 1.05+0.49 1.89+0.29 1.14+049 -2.60+0.31*  -1.02+0.02 -1.124+0.14 -1.20+0.19 -2.63+0.38
OGG1 1.09+0.56 -1.10+0.28 -1.48+0.63  -2.53+0.23**  1.13+0.14 -1.16+0.24 -1.27+0.02 -1.56+0.37
TP53 1.04+0.09 1.24+0.19 1.02+0.13  -1.50+0.08* 1.05+0.08 -1.45+0.15 -1.85+0.60 -1.15+0.07
SD & 2 % » *P<0.05, **P<0.01, ***P<0.001 % 7 &7 A S AJL § E P chme o8 A 74
G PEOLE > FHRDEFHEL 3K TR AT D IR ATH o

Gene

B~ B KR HK-2 % 35 DNA ¥4 3 4

JI* £ 5 E% 8- K% 8 TLMEEAT €5 FHK2 w2 DNAR
Ao RSB A8 TT  EF S THFE Ak RARE > DNAM & DI §o A%
Bef e A A% 5 cADNAR AR - B % K1 5 £ LDNAK ETA chs

D eHEF RM G

A~ B ESREE HK-2 w5 § i DNA thif 2

1% 8-OHAGA % ¢ 2375 F (*DNAFF G R % > o+ =3 2 2 R ¥
* kTG F CDNAH F AR o B % 4oB4.9%77 > 8-OHdGL & 3t 4% ih
Wi md B AR AIL HHK2m% > 8-OHAG R ¢ 3 B A%E » 45 %] 4

Bk R NS M ER AT 8 (90 uM) o
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Control 100 uM H,0,

3h

30 uM 90 M 150 uM

24h

10 pM 30 pM 90 pM

3
28 s 24h AA exposure
= 3h AA exposure Ll T 28 I o
g .| g aas
= P s 2
£ 1.5+ il B i
s £
& 44 2 14
F £
E 0.5 G s
51 ad : . . .
LAy Y y control 10 30 90 100 M
control 30 k) 150 100 HNI ——————————— ||-0!
P ————— H,0, AA (pM) o
AA (pM) s =

W 4.8 5 T&p & HK-2 0% 34 DNA 874 chif 4

MAL=ZZFS%NEAF > BB 525 5%EERSTER o *P<0.05, ¥¥P<0.01, **¥P<0.001
AABAGAILE R R EFLE -

BB ESEAER HK-2 w7 3830 T RAPE
-1 o 3 & BEZ & f5c-fos, OGGI, caspase 3, Bax,frp2ln3-
v F &R #BHK-2Mw% 27 Fe k& (10 ~ 308490 uM)en g %4 pL 1S T

F 3 R24 ] FF o P45 pginded iR FSDS-H P F R A 0 oK
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v FHF DA RS F e 4o » — Bk Oggl ~p21 ~ c-fos ~ caspase-3
Bax # a-tubulin Jiff % f6 » £ 4r » = Bdafdl > B fs MECLE ¢ - - B %
fo2 IR chdp 020 4e 8410971 0 REF B K ELH E A% § c-fos - caspase

3frBaxd—v TR EAR S 5 @ Ogglfrp2l1 B 27 "% g%t

W49 8§ %t HK-2 w5 § * DNA § 3 e 4

#HK-2 ‘w5 AR 7 F kA (10 ~ 30 2 90 pM)en S Z0FE 15 T R 32 4 24 | P o B F dimoe
it {7 8-OHAG (N45.1 ¥ thskl » fFfB e ics 1: 2000 A% o = % F SRehit & ot o

69



Oggl . 39 kDa

a-tubulin | SN s I | 57kDa

p21 -— 21 kDa

a-tubulin 57 kDa

c-Fos D | sskDa

Caspase-3 o TS S e | 35KkDa
Bax | [ | ;<0
a-tubulin w— — v | 57 LDa

a-Tubulin #* % loading control °

W 4.10 5 S&p %k g HK-2 % {2 Oggl ~ p21 ~ c-Fos ~ Caspase-3
frBax Fv F & Rngi

s B ERR b HK-2 % 3 5 P 3 e 4

- I R PIRS AR OATIE o PR AL
% 2 etk o - HK-2 do% BOL 73 k& (10 ~ 30 & 90 pM):nd % 4k
s B3 % 24 PF > FF 4~ 7 F cytochalasin B (3 pg/ml)ehim e 33 %
RERE e TR RI 016 B F o EFEF H e acridine
orange solution (0.1 mg/ml)eh% & > %‘g%”%&& 1000 % g7 mPe ¥ 5 ik

Prenimie KRR A S M TR PR 3= o 4oB 411 9
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T SR RER S R I EARS o AP MPARE - 4
FASE % i B 354045 AL S & 210 v 30 uM)A: %

s 102+£14139+19 -

=

3 18 - .

S 16 -

H 14 .

E 2 121

= X

ﬂ\-ﬂlo‘

£ 7

g 81

g©° 6

| 4

;L

E D 1 T -
0 10 30

AA (uM)

W 4.11 5 Skt HK-2 0% 3 % o & e 4o

‘Zone way ANOVA i8] > 7 ik B nB S0 > ¥ HE AR > AHK 2w ¥ chifEdig
B F AR B o *P<0.05 AT HFALE o
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B e 'Pékz—‘%m'%? f;h T F e ’}5 gt'f‘ﬁrﬁfﬁ‘Q v A AT HE
GRCEFH P FEF A AMSmGAH LR DR F

Pl B2 B S F|hiE S5 Kﬁ%ﬁbiﬂ . Tga\:.}%i}dﬁj;\ B -

1\
QJ
=

FOLRAR R br- o ARG R B AFES R D D g

-
s
S’ﬁé

3

CEF L FR L hiin o m AP FEDRY 05 A AHRL A
o AL R KPP F F AT S B kR F TR
Roed ey FEBE 5

ARTES A ST AN~ 3R SRR L BT

Tt - FHEEHRRAT PopLBEFy -

¥ - & 8 Epdrd| NF-xB 23 4 @i i
AFIMCLI P F LA S P P s n RSB 2 AT A

hE F LR a0 RSB T A A TIECL S HE R A5 B R

\\\

ﬁ'i%_rﬂ%\ _%5 ﬂ'\ﬁﬂz’urﬁg”l‘;éfﬁ% fBj ’bi%,\ﬁ&,ﬁ'/\ T ﬁ:g!}#ﬁ‘ﬁ‘
o] F e ph(HK-2) 5 F1 4 LB P 580 § 9202 5 dpT 5 948 % e
3 % e ph(HCT 116)™) o 50 i s % B 1 HK-2 o2 44

BB RS T Eenimre & 1 > W HCT 116 fwmPe 5 At » HK-2 e
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S8 CELRRAEIT 24 ) B > BitenL R A E G A 30 pMHiT 0 @
HCT 116 ‘%z e e3> AR 5 100 uM > i 2t 2 b > 5 40k $THK-2
fne AL F B 0 HHCT 116 fwve 4 Fleng BB & p ggl'e L5557 7
F5 910 #TPS3-WT HCT 116 sm ¥ £32 100 pM & 9 44k 24 /| pFis > TP53
P EESLR  Ra AP aaT T F IR BHK2 e A2 10 uM B E
s 24 ) PETS > pS3 B F T A(Sd qRT-PCRAE:L 0 2% B 2 HEB e
1-1.92 B) o ¥ b - BPRKRATY 0 M RS EARESLE 0 AT
B LSRR R R T (TR 2R n B (PR oA TR R g
Rh A ATHY L8 FRBAEOR T oL R A
L BEEET > AFIREA RN U kSRR 5 T AR E TR
SRR e ¥ - BR R 0 B g AR RJ2Eker < &
(heterozygous for a mutation in the tuberous sclerosis 2 [Tsc2] tumor
suppresser gene)fo¥ 4 A|(wild-type)~ &> k#FF B TG EL 22 F
R ek FIWE A P D R s g 58 e ASE 14 2 Eker+ B
fewild-type ~ Bk F1 & LB H % 1t foTsc2 X5 4p b o

APAMITS S B 5 TLREHK2 meamed 13 HEF &
B o i B R ek w g A P 2 g g AACT AA-TafrAA-TT
¢ #r|HK-2 fmrzend £ 5 2 5 BEfopr B R B % B PR EFL B0

AA-T ~ AA-TafrAA-IIF M Bwme 4 R332 7 G e k= o W
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7 %’g d S FHCE 7] 4 470 A ILDNA repair ~response to DNA damage
stimulus ~ apoptosisfreell cycledp b A F] - P B X 7 |k R 1§ T4k
A (F 4.1) o JEE S & $7(pathway analysis)Z. &% ® IR > F 5 X 5
AL PRI LA BRI > S RAF S R
KA AL A AR A TR I o g b o At R FINF-kB A )5 5§
P PiE e hk ¢ (B 4.2)  NF-kB 3 fm e {7445 %]+ > d Rel A (p65)
Rel B ~ c-Rel ~ p50 fop52 22 o NF-xB s (4 (activity) » ¥ G d & 4 ~
iR d s R dmre ot A qea Lk A H o § NFkBX 7
Pl §d o 5l o AR ENFB§ fo s 2k Flevcd 5 %
BREE Bt B AR s HF 51573 39 T kB Rd
F s~ fove 38 4 foimre = U9 o $NFBiE L g 7 00§ (P4 75
% T NF-kBE fecric > T ¢ ARSI E 7 A i AT -
ENF-xBEFZCE > v B ES U SRATFiERE LR 20
REM AP AEE KM A R AoRE R RIER &L g Lok A T B R
B e BOLRTR TR S ot 2SR 4 NFaB
e g% e BT R f5n G 0 W A RS NFRBIE 1 2 ik § 4P
B A2 ) L NFacB et ek B 7 2 GRS 2~ B - BB e
w FATA > FIR IR L s o FPFINF-kBE i A - B (G bR R

E oo R oo ¥ - S G e Py INFxBL IR F @ ¢ WaE & A BER T A
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e T g 4 BB B SR R F R o B

TP B - EART R TR (M & L) R S JURE
HIFp®Ey > Li AR E > TR ARFEF TFPIRBL &
FAPIE B BT BT AR T i foNF-kBAOEE 2 - # o
AP R Y 0 R RS/ LR R S F ~ frNF-«B/luciferase
Ak B 78 e SNBTT 8 E AT 11 2k endr FINF-kB A 44 o NF-kB
finre i R RN EAIE 10 fr 30 uM B E &L IR (S 0 P A D
TR ARE > T RS RS T 1 Fr I NF-kBm % I L F] e o
e AP b Ba 5 TR M B F $4|NF-xB/luciferase 5
FliEg 78 e ¢ INF-kBevg 4 o

HK-2 fw#e i5d 10 530 v 90 uM = f7 Ir k B ch§ % ik id® 15 o
Pr S AT AR 4ok 43 9757 o & 4.3 P chemokine ligand 20
(CCL20)% & k4™ A 5P & s CCL20 % Exim e ang L v o &
Bim® BE' 3] L enp A iz F £ & eh 4 ¢ [P o Interleukin 8 (IL-8) 4
Foh- B ANPEYE ¢ FIRT AT o IL-1 fvTNF7 123 H1L-8 e
A F &R ¥ IL-8 ch4 ke BF £ NF-«B2 421" Insulin-like growth factor
binding protein 3 (IGFBP3) & P 3 ¢ » 55 THRKRILES T
# o IGFBP3 # rifr |3 # > IGFBP3 » # 14 $r+|insulin-like growth factor

(IGF) eh o = # o W o 38 %o ¢ 45 41 > IGFBP3 e f2 fr

75



phosphatidylinositol-3 kinase (PI3K)f-NF-kBE = 4p B 44 e 5 — max =
P F1 5 CD68 > CD68 5 7 Mepk v » Bt 3 H P lw e v E iime ¢

% B 4 3L ; CD68 % scavenger receptorsi— F » it 53 ';Fi% mrE ¢ A R
B GEmR BEITE 0 B I o e s BT Bt A o 5 LB e

% ¢ 8 CD68 3 histiocytic (4 12 T#k = fw# chih32CD3) > 2 v

[143] [144]

multicentric reticulohistiocytosis ~ rheumatoid arthritis » Crohn’s
disease!'**!frvasc-ulitic neuropathies'*'4 B £ # 2 A TF His
NF-kBT 34 éhzk F] » ¢ 3 SAA2 ~ LTB{=TNFRSF9 » 305 i#5qRT-PCRA&

P80 S R4 T A INF-kBARBE A F] 0 3REF LG B oo 2 > X NF-«xB#

AT Sl B EAMASE A RETS T A i &

1
=
=
Rl
e
FIA
"‘J
4s=

G A AT KSR 2 F LG MR (PR & )R

Fo8 B EpPryI DNA B F* X35 F  DNA G 3

IR AT R AFIHE ARRE TLRAE L VTR
Wl E (HK-2) e chad A 3 45 - A 10 ~ 30 4 90 uM
ST R RR S RN AT o & DNA B4 4p BB ATk B
3+ (DNA repair-related genes) P! B AL 457 o ",f gz ek 4 HK-2 fm¥e @

stress response ~ cell cycle ~apoptosis ~ fibrogenic response ~ biotransformation
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fr antioxidant defense #p B 28 Fl» PP X P72 R R N g TR ATH I
(% 4.5) ¥ ¢t g * gqRT-PCR 4 47 8 i 7 FI(ERCCI1 ~ ERCC2 -
GADD45B » MGMT -~ NAIP ~ OGGI1 ~ PARPI1 ~ TP53) » kfz:d 2k Flicrd
Flenig & (% 47 fr 48) 0 5 LR P Bird] DNA 48 4p B oA 7]
(ERCCI1 ~ ERCC2 ~ MGMT ~ OGG1 4= PARP1)s7 mRNA # R ; ‘,f 2
b > OGGl ek Flfed-v B & M Ip % X 3|4 - OGG1 (8-oxoguanine
DNA glycosylase) = — f&45 4| 7 DNA i3 fis » 7 147 ‘% 8-OHdG PR
DNA 24 o HK-2 'm¥ 58 5 % & AIL S » OGGI i ke -
T R4 ) 8-OHAG ehim s Bk 5 » * DNA H e 4 % 5 - 7 ¢ »
B g "EFB TR R R B e n B 5 (R 4.8) Flp 4k 5 Labp
A HDNA G T 2 4rf| DNA BHAPMAF - AP RE %55
BT RSB TR Eme 0 T4 N - BATSELEE 0 T DNA
A% SIEHT A 2B BRI S M-
Fiipd b Eepe g Emed b, ¢ 3 A3 % RHCT 116
‘m?z ~ porcine renal LLC-PK1 Mm% » fropossum kidney (OK)im? o 7 3t
meawTy g ¢ 0 HK-2 w2 4 5§ Tabpe 34 Honlme 3 PV HCT 116
w2 12902 OK tnwe 147155 o Ptz b HOKIm e de 10 & 20 IMS & bk

s

F_x.

BA 24 PR FRLG A ROREAd > SR EEET

TRy P o % A A SR B e R E & i
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A g 2 A F) L B AT 0 frDNAB A AP B ik FI R EOP B2
D en(# 4.1) o testress responsep M e F1¢ > GADD45B (growth
arrest and DNA-damage-inducible, beta gene) .= f87 Ik & 05 &k
B¢ AT} 3 (% 4.5) - GADDASB i - AR B ehi-d B RoE S f
2. - » # 3 GADD45A{cGADD45G - GADD45B# # 12 fe f |3 4 R
s fmvia ! en AR e BF DNABA ~ w9 38R
KL S % g2t > 3k 7 GADDAS AR IR 0 VR o £ AR B
UB o i chs & B n 5 % &0 A2 1 GADD4SBenZ I 33 » #F 02 & %
w2 7 19 9w GADD45SBT 11 4k k= it #|MMS (methylmethane sulfonate)
frsorbitol #7134 ¥ ©

Vb F AL A A AACLT R ] e e AT 4 kB EDH
dv o i m 3 HLLC-PKI1 fmfe k= £ 4f o 2P enfl Flilcd 7 e 7 A
T GE EERASLE 0 §H kS PR R T LR ¢ 7 BAXdr
Caspase - BAX (BCL2-assocaiated X protein gene) B« § &k & 15 & &k
(90 pM) fJ2 s F L+ ehIR % (& 4.5) o Caspase 3 .5 Z 42 (30 M) fe
W5 F b eI % o fo k% Balachandran'®!eR 4 odp iz o 8 g 4 B
LLC-PK1 fm?2 ¥ > caspasesi /& 127 1AL AA-I ~ AA-IT ~ AA-lafrAA-VIila
ArE R o AT 2 R EEE SR § TR T 113 EBAXfrcaspase 3

e BRI F EIRAEF KB % o NAIP (apoptosis inhibitor protein)
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BACE RS Y PR R AR % 0 2 4ok NAIPRFr 4] 0 § 3 e moe
ARG o B TR AILIENAIPHA R I A B RS FE L T
ERR I

M felmriz 4 £ FHp4p B L F] > CDKNIA (cyclin-dependent kinase
inhibitor 1A, p21)efk Flfed-v F ek AL 10 uM 8 Z4 1 5
T2 I % o CDKN1A 47p53-dependentsiim®e 4 £ X H Gl # 2% >

FAFIA R F N RFAFE G ERGL B BF o A

& % {rHCT 116 ‘7% $h/5 100 pM 5 & 40 fk Eam 48 | pEl'"™ )43 4p & o
AHEE D B R £ (AAM; 41% AACL 56% AA-IDT 1
¥4 B RE A % (SV-HUC-1) % 3% 9 % % &.GO/G1 #p (F
37.6%7%] 49.2%) > =¥ & freyclin E/cdk2 (the cdk inhibitor)4g & 47 4p B o
B FI o RSl 2 RFHAPRE Hd B 0 ¢ 7 p53 -~ p2l Fr
P27 > BAJLE EAFE24 LS T AR E RM B g o AP end 2 &
L PIEET 0 2B PR R N TARLESE 24 ) PS> p2l e LB F
L]

¥ - B frim e F AP M ehk FIMDM2 o A& F] 5 pS3 ehikhi
Flo NG BT P EIFIMDM2 0 ok wh B i T
wild-type * & 87 7 4p 11 MDM2 i 4 3 & H & p53 7 B 1t » Fa

/)é\. ol p53 ﬁﬂ’?ﬁ:}%#ﬁpﬁ;lj;é At o #ﬁw:}%% fﬂp53 1Y %%_\'j fr H s Fov ’Fﬁ‘ .:‘;: g s
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Fla BB mie 4 LB s ek o4 2 o DNAFAUVE ~ v 8
R SNSRI 0 pS3 gARGE T o X FNAGRILG 0 pS3 HE R &
R H v BT 4 e cfos & m¥e ¢ fhproto-oncogene 0 F G fosf 45 F]
FEens | 2 — o c-fos¥ M frc-Jun?) S A - R 5 A5 AP-1 #4r

F 3 o & o i

o

SRS AL SRR AL S A L A

A F o b APt g g ¢ oc-fos HK-2 fwie (5% kB hB (90

UM) EJZ 54 3 ehi % 0 foHCT 116 sz thend s 5 120 o
FALRNE SR VERAGHT wienfd HER 2 4

Mlac Z 3k Fl# 5 & (Muta”™ Mouse) & & & Fllac Z 3 Ffrc I &4 F)( &

g

CFERIe )R ME)R 4 0 02 AcT A FE PP ATDTA
transversioni R % 5 H 4r o Cosyns ¥ * I &8 THMT BRIk 4§
v TP53erilf & & IR g B 5 4p B 'r:}_[g(’] o ¥ b 5 /F‘?Z#ﬁ M-
B ESARTRETERDSHBRE Y P o R ATP53 4 Fecodon
139 of exon 5% — 1 # % (HAAG-to-TAGZ %™ o TPS3 A Fleh R %7 i
TG4 LT R A R L 0 fof K ¥ 4 R iHoras
3 Feicodon 61 % HorE R avER 4 AgpmlPe p Ay F0 5 A
)it 7 A 45 feqRT-PCR % A55F » 10 ~ 309090 pMZ= f67 ik & 05
HHRT U TATPSISAR  @BREET-FF 2k BE ST

p53-WT HCT 116m% % %100 uM S % #4624 pFi4 > TP53% 24 A ¥
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e gl o 25 4 gz T 4p 11 TP53 % ¥ nucleotide excision repairzt 4, & i
o ¥ F ATP53#-§ HRDNAG L3+ e g gy v gy
d Fr$|p532 % cmucleotide excision repair® 3 & F4 1% 5 4 — 5=
TAp AR L& chdg b BT(H PRdg) 0 T ] A B A& )L lm e pS3HTiE
L DNAB AT A 4 0 2 € o WDNAE i 1 o 2 i el Fped 5 % o
qQRT-PCREf 7 1 5 T ™ 1 X TP53 7 34 » ia¥ at 2 5 DNA 4 eis
AT BREFEA EREB G 2 o § EAREIE 8 TP A Flir v
Fend i gR{&-Hapm g o

#4658 T2 HK-2 w2 {8 > DNAZ A 4p M A Flend g ¥

MARH - hipk & F1% ¢ > nucleotide excision repair (NER) £ F] & & 7

=

\\\Xr

i 5213 AA-DNAGE S 5 cnil 7125 o 2 7 F) S NERA Fl ¢ 3
14+ ~ % bulky - distortive DNA lesions® % * #/F# £ & & ¢ o NER#Z 4
#2 B ¢ 7 damage recognition ~ local opening of the DNA duplex around the
lesion ~ dual incision of the damaged DNA strand - gap repair synthesis{r
strand ligation®” o NER 2 & & £ B /& A & & & 3 B &
transcription-coupled repair (TCR){rglobal genomic repair (GGR) - = fd+
BISA A Edple e ",*T 7 damage recognitioniz B % F 3 — R b o A4
3¢ o NEREE /&AL B chiE3E i /20 i S 3BUVE T R hRoR 828

frx 4 3 iatjxeroderma pigmentosum (XP) [°* e« ERCCI (excision repair
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cross-complementin roup 1) = ERCC2 (XPD) (excision repair
p g group p

cross-complementing rodent repair deficiency, complementation group 2;

xeroderma pigmentosum D)/ *"NER-deficient complementation groups °

ERCCI1 domain = DNA strand dual incision# 3?1 ¢ > L R i% ehendonuclease
(5’s incision)!"™ ; ¥ ERCC1+mRNAi§ & % L » frdacisplatine§ &

R~ Aot Retn MU BRCCLaNA L > & AR Sy 0 5 F 1 R

% 3 NER 2 & ¢ chgrw] p 211« ERCC2 (XPD) 7 ¥ & GGR4-TCRE:
j& ¢ » ¥ ERCC2 % £ ~ ##4%%]5+ BTF2/TFIIHAF & 4+ ° % ¥ 4% > en#] 3 >
Uil ATV G R = A7 B eh#d K5 the cancer-prone syndrome
xeroderma pigmentosum complementation group D ~ trichothiodystrophyfe
Cockayne syndrome " o 2% 7 c987 7 4% FLERCC14vERCC2 2 5 % 42k e
TigghG T agE o B Cheng & 4 Hewei & A U 2 0 0 4 4p
R TR o WP I o #” % ® DNA® A 4p B 2 F1(¢ § ERCCClr
ERCC2)5mRNA# I e5E » e BB SE M & W cnAp $F 2 "G AR R I o
B ESFAIZSERCCITMA T A 2B S frsd v ¥ - e % 4p
i o 8 P dp dURE 2T ANER4R B A F]eh & ILERCCI ~ XPF (ERCC4)fr
XPB (ERCC3) M o ¥ — 1 DNA & 4 48 B 0 & %] > MGMT
(O-6-methylguanine-DNA methyltransferase) > %30 pM 15 5 & ik i I {8

TAAER > 2B “‘%ﬂ]fr'% :%"ﬁ’x i B AR - ;([131] .
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Foir 'y oo B F ¥ reactive oxygen species (ROS)¥ 17 #H3%k § it
DNA % % o 2 citranscriptome 4 174077 & T4 kR B 7 M E RIS
it p¥ % T A ifsuperoxide dismutase ~ glutathione reductasefrglutathione
peroxidase ° "f gLz b NPE LR TR LR RE VRS fﬁd %
8-OHAG{rDNAH % $r B H 4o 2 B Wor > 2B E ST - § LRI 7
RSB EAR T E hd 1 o 8-OHAG 5 - B A & 1§ (YR 4 DNAJR
% 40 % > 8-OHAG™ 4k i H frOGG1 2 41171 o o v g 3 @
OGGlh& R /L B BT T AP % » AFILI] L 78T 7
258973 qQRT-PCRE T 7 L6 ™ 34 o "f pt2 ¢t 5 8-OHdG% ¢
Fe i be o F g RF S OGGLend T *F 0 AR 2B RS A DNAX
ki e 28 R SR T ILT FER NS TG Y B F
Wk TR % (B14.5) (P <0.05) c iz lg S frd s g dphs > & P R* 25
PR MY R SR 2 LR G KR FE M R K M25-200 pM g
ETASE 4 4R HepG2in e § # HDNAR L ehE £ 0 2§ MR F
B % 12.5-50 uMen 3 & 4L ¢ 3 se e erg 0o 1 e g m s
feerik B =50 pM¥ 12 3P A NO A = foif 4 8-OHdG » Fl& Bk B
R nE e AST HepG2in e » 7 it 55d NOehd 2 § A F4 o g
{2 & ¢0 %> hOGGI e v/ i » in s 1 & L2 TP53#r3 4211 o

ERAP AT F P OGGIrTPS3 4 o 2 b CAFKRIEP BT A o
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AFPTRE* AFS P AT RIFHE BB AT T
2 R F RO BRI EL S RS T Y
Ry HEmy b e WG D - A AP F AR E
R EERAIPHNDEFR S BRI B A AHE N T8 RER
R o §F 5 B(RIR)E S EARAIN e o PR A A
ERAT TR, - PR FIU IR SRR NS EARKRT EHA O
ERwmEAAPE TR INBERTHREA AR L EHE o B LA
Fgimg - HF By Food 308 AR BE L B AR T
PREF I KRB - > FIR T OLERR S AR EN
R HATF] - AR FHRRELS G g By 200 R

RSB F AL EARRT A HE R RaEd o
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% i > S5 PR TR HK2 i fime 3 48 LHE 2R
F J B 7% DNA repair~response to DNA damage stimulus~macromolecule
metabolic process fv carbohydrate metabolic process % 4p b # F= 52 /5 eifk
Flo ¥ FERGSE THRETAI TV APREFE EHRT
UAFLEMd T @m ® NF-kB AR 7 REBHY 2F7 b
£ o %ttiﬂ » i~ % qQRT-PCR ~ & 9= & A et/ B 4 ¢
i% ~4v NF-«B/luciferase ¢k #4878 ‘w2 FE 305 % 4 fo NF-«kB ehfd % o
B HAET g 48 NFB g o @ 6B % 7 RS TP
P L BRI G

B ILITF AT T 3 G o0 A5 IR DNA repair 4p B A Flend AL
RIS TAEAE s A F qQRT-PCR krrinh T pird|r
DNA i 4p B enfh 7] 5 7 b > 10 B 3Esk ~ Lk %4 fopicPiisk 3§ 0
E o FIRE ERE ERF U DNA G T foad ER - d OGGl 7
# 2 H s DNA BA4F AP B A Flen™ 3> 7 12 32§ 8-OHAG et 5 3 v -
B i85 DNA R 3F 3 4ro N P enid & Bor § T4 5k DNA 247 4p M

RFVFT A T RS HRRE E R R R R AL
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AP GTHMCL I A S R T F LIRS A8 RPEA L
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Using microarray analysis to study the pharmacological and txicological

effects of the major active components in the family Aristolochiaceae
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Plant species of the genus Aristolochia are known for many therapeutic
effects in past centuries. For example, there are many formulas containing
various species of the genus Aristolochia that are commonly used in
traditional medicine in Taiwan, China, Japan, and Singapore. Beside in East
Asia, several species of the genus Aristolochia have been used to regulate
menstruation, induce labor, expel parasites and treat arthritis, cancer and
snake bites in India, West Africa, the Mediterranean, and South America.
Many plant species of the genus Aristolochia were commonly used as folk
medicine until 1990 s when studies showed that aristolochic acid (AA), the
major active component of the genus Aristolochia induces aristolochic acid
nephropathy (AAN) and urothelial cancer in AAN patients. In this study, we

used microarray analysis to clarify the pharmacological and toxicological
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mechanism of AA (AA1: AA II=41 % : 56 %) in normal human kidney

proximal tubular (HK-2) cells, the target cells of AA.

HK-2 cells were treated with AA (0, 10, 30, 90 uM) for 24 hours and 30
uM for 1, 3, 6, 12, and 24 hours. Cell viability was measured by a
3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide assay.
Complementary DNA microarrays were used to investigate the gene
expression pattern of HK-2 cells exposed to AA and the results of this
microarray study were in triplicate. Quantitative real-time reverse
transcription polymerase chain reaction (QRT-PCR) assay was used to verify
the microarray data for selected genes. The results showed that AA induced
cytotoxic effects in a dose-dependent manner (10, 30, 90 uM for 24 h) and a
time-dependent manner (30 uM for 1, 3, 6, 12, and 24 h). Microarray
analysis showed that AA can induce alterations in expression profiles of
genes related to DNA damage response, apoptosis, regulation of cell cycle,
and stress response. In addition, 9 biological pathways associated with
immunomodulatory functions were down-regulated in AA-treated HK-2
cells. Network analysis revealed that NF-kB played a central role in the
network topology. Among NF-kB-regulated genes, 8 differentially expressed
genes were verified by real-time RT-PCR. Inhibition of NF-xB activity by
AA was confirmed by immunofluorescence confocal microscopy and by
NF-«kB luciferase reporter assay.

Moreover, among the differentially expressed genes analyzed by Limma
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and Ingenuity Pathway Analysis software, we found that genes related to
DNA repair processes were the most significantly regulated by all AA
treatments. Among the differentially expressed genes found in the
dose-response and time-course studies that were involved in those biological
processes, two up-regulated genes (GADD45B, NAIP), and six
down-regulated genes (TP53, PARP1, OGG1, ERCC1, ERCC2, and MGMT)
were confirmed by qRT-PCR. AA exposure also caused a down-regulation
of the gene expression of antioxidant enzymes, such as superoxide dismutase,
glutathione reductase, and glutathione peroxidase. AA treatment led to
increased frequency of DNA strand breaks,
8-hydroxydeoxyguanosine-positive nuclei, and micronuclei in a
dose-dependent manner in HK-2 cells, possibly as a result of the inhibition
of DNA repair. These data suggest that oxidative stress plays a role in the
cytotoxicity of AA.

In conclusion, our data revealed that AA could suppress NF-«B activity in
normal human cells, perhaps partially accounting for the reported
anti-inflammatory effects of some plants from the genus Aristolochia. In
addition, our results provide insight into the involvement of suppression of
DNA repair genes, and trigger DNA strand breaks, oxidative DNA damages,
and chromosome damages in normal human kidney proximal tubular cells.
These data may provide some guidance to TCM doctors on how to use

AA-containing herbs safely.
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