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WP H I 2 2k Rpk (S-adenosylhomocysteine, SAH) & 7 Fi ik Sk 2 & 4+ o § 3F
$dp 0 SAH eh it A Fr - 2L 26 iepk (Homocysteine, Hey) & s B~ B8~ P95 40 g
SRR B RN R FIF 2 - o BRAITE KRG - B AMRRER 2 Hey M AR
SAH ¥ ii 4 i€ & & o P 3 A P4 SAH f2 micd 32+ chie Brjadl > o
i§¢ 34 f Nutr. Cancer ¥ 37 % SAH ¢ WUe#-| Bp AL e fo 4 #7% fmse k¢ DNA A
sriEtE 2 DNA (7 A1 > @ i35 DNA § 3 o BEom § A 5 4 T A 5ifodd 5 % sidp
Ming e o SAH thy £F M4 i » H2mga 4 i ime i G f M o PR R T
¥ SAH Vit £ 4 e & Penie® » X HyF2 @ imimz o e p ook A § 2 )ﬁ%&}"’r SAH
HIFZE A Gmre cnd HIEH 1R 1 B 5ROV TR o Flt AFT B2 7 SAH ¥ &
3+ % (BNL CL.2 cell line) % -] &4 5% %% (BV-2 cell line)sha (435 » # 12 Hey %k #
Mo AP IR 520 uM SAH § it im e DNAHE§ ~ drilime a0 27 i £3Ed
" 1L SAM/SAH v 52 S-mde 7 2 o @ Hey kAR F 3 & SmM 4 7 bk o X kB &
# SAH i@ = A st 2 ¥ fu 412 P A H IR ok F A#H R -

E R
S-Adenosylhomocysteine (SAH) is produced during methionine metabolic cycle.
Homocysteine (Hey, a metabolic product of SAH) is a recognized risk factor for cardiovascular
disease, renal disease, liver disease and neurodegenerative discase. However, some recent
human studies have found that SAH also may play an important role in Hcy-related diseases.
But little is known of the physiological or toxicological roles of SAH. We recently showed that
SAH strongly enhanced H,O,-induced DNA damage in SVEC and Int407 cell lines by
increasing uracil misincorporation and DNA hypomethylation (Yang et al., 2003 in Nutr.
Cancer). Moreover, in liver disease and neurodegenerative disease, SAH is elevated in plasma
and brain tissues. And the elevated SAH is correlated with cell injury. These results suggested
that SAH might induce cytotoxicity in liver and nerve system. But the cytotoxic effect of SAH
in liver and nerve system is still unknown in cell culture and animal model. Whether elevated
SAH can result in cytotoxicity and DNA damage and how it may do to be investigated. Based
on the above discussion, we plan to investigate the cytotoxic effects of SAH in mouse liver cell
line and mouse microglial cell line. We found that SAH (5~20 uM) induced cell DNA damage
and inhibition of cell viability by decreasing SAM/SAH ratio and 5-mdc%. The proposed
studies are expected to increase our understanding of the cellular roles of SAH and to
contribute to nutritional and related fields. Because of the novel hypotheses proposed in this

research project, these studies should be able to promote the level of basic research in Taiwan.

Keywords: S-adenosylhomocysteine, Homocysteine, 5-methyldeoxycytidine, DNA
hypomethylation
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AR DT R NIRRT 0 Hf]{%’? ¥ Fi¥efk(S-adenosylmethionine, SAM)# & @
BAF T et 1 0 )4 P B X kpL(S-adenosylhomocysteine, SAH) © SAH § /5o
SAH -k faps (€% @ 2] = 357 3 fr e & w92k (Homocysteine, Hey) © i& 1 & B2 47 3§ &

B eiRikhe SAH eh& = » 25 SAH o[ fZ(Finkelstein et al., 1998) » e Bt 2 f2 5 & 5 #5
% SAH ehig /- SAH & A s % # chg £ 5 002-0.04uM » # Hey ¥ 10-15 uM » SAH
¥ 12 §_Hcy #91/500 (Chiang et al., 1998; Yi et al., 2000) - § Hcy it Sf»c "% K pF » - R
SAH 3 4c > bl4o 4 §8 ¥ H phak £ & N B4f% % (Cystathionine B-synthase, CBS)#* £ (Chiang et al.,
1998) « & F 1+ > Ax kA% § g dpds o SAH 23 5 ﬁ/ﬁifﬁ ME PR - Rm > B3 SAH
ST A 0 SAH AF § 3 dm% > 0 E BT G enier ] P W erivin gL

3B

SAH £ Hcy #1-] &5+m* (BNL CL.2 cell line) % -] &4 ‘5% e (BV-2 cell line)sh# |+
i o AT Y BiR TiwE L SAH & Hey #) > fw#z b SAH #2 'm% 575 5 - DNA § %
foDNA ® gL it ek B fopd B B (e 2% P chigi £0SAH § 13 2952 40 55 w2 thif 5 &2 DNA
M 3 DNA EiF 4 » R o R 1% B4 105 5% SAH 3
TER o AT HF BN HIFER A G ARG A G R RN R AR TET R

2o R~ R g G o TR B s A

* i+

BTy - LA H IR SAH A 82 Hey ApM p i » ¥ i@ ER hd d o blde
Bk B R O 4 5]{ft’ SAH 7 £ R &g F et 2 s Hey Pl P Agagic » ¥ 7 & ﬁt‘
SAH # £+ Hoy > SAH § # 4 it £ 1+ Hey c0% 1 ' 57 > #]po 3% SAH » Hey £ £ &
{ & ¢ shdn H(Kerins etal,, 2001) < 0* 7 SAH ffe 2006 B s A sk 9 102 550 g B
TREFFNLHF A 0@ 2 s A G SAH g £ T AR B EE - X 2 fogp 4 dRiaei
4 % 3§ 4p B (Kennedy et al., 2004)  Eto % * (Eto et al., 2002) 7 % JRFP %% /% B 5 * fhat %
* o Hoy e SAH § 2B F R0 4 4 o ¥ § A4y N R Eeir i i %7 SAH § 1
< (Innis et al., 2003) o fde & % a0 e 4 & PR & 3f( P SAH 2 2 FH 331 %
Ao gragden e P A Aph o A he B RAE BT A A2 4R (Pemaetal., 1993) o

7 AL A SAH EAFRfed S K BARM A BT I E R &4 o blde D SAH ¢ A
¢ 84¢ TNF-o #5575 n4 > @ % i SAH 3 £ 7 i€ %74 {274 < (Song et al., 2004) : f7 % /4
BRE R A 3f( > Hey fv SAH 7z £2% ¥ 3 *t & ¥ 4 (Etoetal, 2002) - 7 > feenlm e 3¢
B { % W SAH $t!mrz ¢ & 3 |+ > 4ofg* F(Christopher et al., 2002) ~ ~ &AL n¥e B o b7
(PC12 cells) (Zhao et al., 2002)f=-| B4k &a* ‘m?& (L929 cells) (Ratter et al., 1996) ° & A £ 1T 14
H202 3% % /] 8P A % thie A 0% e 49718 ens % & BT »SAH ¢ 2 DNA § 2 (Yang
etal.,2003) > L% > KA BITA B 5 B or L K- A w2 (BNL CL.2 cell line) 2 -] &l4¢
s e (BV-2 cell line) 12 10 M SAH AJZps » ¢ 7% i & DNA §3 - 1 g o7
¥SAH Vit & fmre 4 fHeni®® > w p 3 data & 7 oA o Ft G Fie- H4E o

Fooha itk 2 SAH (8T 3 0 0 SAH A R en 2 B 7 it eni®r 4]0 285 1o
PR kB O HEE SAH eha ST ¥ o § 4B HE s A 4 3 & Nutr. Cancer (Liu et
al., 2004)5% 7 817 : SAH § e Hy0, %t in% DNA ehi§ 2 o 5 ¢h & & 7| # 4 £ DNA

3



r}ﬁ f%¥% ERCC2 i@ Bl g B °F & % > ¥ P SAH ¢ #r4] ERCC2 % % & #r4] DNA 2 44
i % (Yang, 2004, L %< ) 3t > % DNA £ 3/ 2 p% > 8 7 SAH 7 & ¢ @ DNA i
TH~ o F WP SAHEB P L FHFHRE A L A ad il iE- hg
SEIH V0 FERE o

— AT KRR RS 2R R FHEARE AT LR kS RLpF
(38" UHFE-FERAFRORR ’“13‘,%%5]{” IMaxF 2n 2 H Kl if 0 & F
AR RBS G ERAP SGufES g w2 5T 2 & (Mcardle etal,
1991; Bouchama et al., 2002) » #7 7 H A Y b A3 > g2 +3F 5 BF 2 wsagp g 5 2
L= A }F*Jeﬁﬁ HAc@ IR LR A LAY > i 3§ (Pastor et al., 1999 Sukenik et al.,
1991; Bazille et al., 2005; Liu et al., 2004)cHung ¥ * (2005)4p 1 % # kb ~ & %% ¢ Heat shock
protein(HSP 72) §-» ?gﬁ& 3 I8 o ¥ 3 P hEEaE RN R @ ﬁf\fﬁ‘ alanine
aminotransferase £ 3 4 (Bouchama et al., 2005)°3F % & 7 #F A ¢ b~ &g ¢ + £ H ggsd
L@ EL F(Linetal, 1995; Kao et al., 1996; Lin MT, 1997; Yang et al., 1998)frp o A 4 =
(Yang etal., 2002) > @ { i&— 9 g & %od Glaedpd c BT P o S0k > TRE R R -
Fihd o T RER AT R R o 2 kR DA TIR Y b S35 ek B
oo Flp aA G R TER L BE S E R o TP A E B %ng; A kg SR G
m@v#nmsk(;%u‘ BoAB) TR ER LR SRR g o TR Reng ERERE o
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=TT
1. % 32 % 8 B2
BNL CL.2 cell line (¢ B+ im¥e ) » pibp B 72 77 7 w2 B > 2 %3 DMEM 8 % &
2P 723 10%Wv)Ped i - (FBS) » %30 2 5 5%C0,2 37°Clgn Y B4 - §
A E A4 AR KEF LI I {oks 7(Yang et al, 2003) o
BV-2 cell lines (-] A 50 imre) o plip B 7@ 4 A7 7 [nimfe B > 32 & > RPMI 1640
Bag 2P 53 10% (v/v)'et i (FBS)» #8202 5 5%C0,2 37°C g % 447
BA-jgwmied EI4 ARMTY REF LR RIL{os $7(He etal, 2002) » = f&.im e & W
FeJ2 7 Tk B 0 SAH(1 ~ 20 uM) 22 Hey(50 ~ 2000 uM)24 % 72 -] pFig > 87 & 38 a2 fr
YA L
2. ¥ 35 F (MTT test) (Loveland et al., 1992)
HE BB A 4 BT R EE T EARAA S 2 F RN %ﬁi *
P SAH 2 BE28v AN i@ cnz £ &> A PF @Y mpFl R £ SAH A2 we »
VAR A AT E PR B E SAH hE e > £ 2472 [ PS04
#-MTT * 5 %FBS énDMEM #f = 1-2 £ 5./% < (mg/ml) > F3tber 1 L Z MTT
ZEER > NIICTEBR2|FE BIBR R Fithr 122 DMSO 4133 &
FlE7 L8548 12 0D492nm FPH e ki o
3. %_‘& & ¥ (comet assay » DNA %77 édp %) (Singh et al., 1988, Yeh et al., 2001)
w? 5 SAH 2 Hey 3 % 24~72hr > 4 %] 12 1 x TE ( trypsine-EDTA buffer) *» F {s » 5=
%1 i]"’ﬂ #-g 7z 3% lysing solution (2.5 M NaCl > 100 mM NaEDTA » 10 mM Tris
pH=10 » 1% sodium sarcosinate with 1% Triton X-100 and DMSO) ~ 4°C » 1 -] P& o 2_{s 3%
> T A (R A% 1 mM Na,EDTA> 300 mM NaOH )> # % 15 4~ 4& 12 DNAUnwmdmg )
7% 20 & 48 (25V~300mA ~4°C ) ¢ » 2z » Tris buffer » §=(0.4 M Tris, pH 7.5) 5 » 4& >
£ 17 ethidium bromide % ¢ > ™ ¥ KA Z DNA #F iR » T4l TE o

4



4.5m% p ~ b SAH (Wise et al., 1997; Fu et al., 2000)

#dmre e 3t 1.5 ml e g 3s ¢ > 3. (3000 rpm, Smin) > 2 ‘o Fik oo T K% R 80
ul 2. 0.1M sodium acetate buffer(pH 6.0)¥ > £ 4c > 20 ul 40% TCA buffer » 7k;# 30 min °
J—»—mﬁk,‘iﬁimxéﬁ (10000 rpm , 4°C, 10 min) » #-F ik 4e » £ & e 353 2 F
30 sec {4 i& 17 4= (10000 rpm, 4°C, 10 min) £ B~ K e 48 > S H I EAF S = T KRk
* 4°C #Fi& {7 HPLC 4 17

HPLC % it 3k @ 4o @ ¢ * Hitachi L-6200 intelligent pump - i& 2 1-7420 UV-VIS i | &,
TR T HRLE L 254nm > & * RP-18 (250x4.6mm, 1.D. particle size Sum) ¥ 4L o # # &> 4p %
0.IM sodium acetate, 2.4 mM heptanesulfonic acid% 4.2% acetonitrile* 50 mM sodium
perchlorate » 12 70% perchloric acid#-H pH3 = 3.5 H jii# 1% 2 5 1.3ml/min > & =% /2 $+40ul
TSI BREF AT o

5.DNA ¥ & it g9p] 2 (Cooney et al., 1997)

DNA ® A it £_r2 5-methyldeoxycytidine(5-mdc) % i% & 45 #%(Cooney et al., 1997) » DNA
J& m®z ¥ Z P~ > 12 phenol/chloroform/isoamyl alcohol * 3% (Gupta et al., 1984) » DNA /3 f#
% 100ul 200mM NaOH ~ # v 12ul 200mM pig iz Z_{¢ 14 650ul H,O, 130ul fip pE i 2 20ul
10mM ZnSO4 8 & » £ 4 » 40ul nuclease pl * alkaline phosphatase ;% ;% (1U/ul) » B {s %8
e 200ul > & 37CTEA S PR 2184 2 BYAIFW S Hoo 0 P iRicRL B0k
% % > 72 HPLC A 45 «

HPLC#4 47 i% i 4o buffer A : 0.05mM potassium dihydrogenphosphate ¢ 7 2.5% % f% >
buffer B : 0.05mM potassium dihydrogenphosphate & 7 9% 7 fig o 12 UV-VIS i /p] B £280nm
A e

6. #FHKF 2 AR

AR ARNLHFS 0 SAH 2 L - SAH A > DMSO ¢ (stock solution =k
B % 1mM : DMSO % k& 5 <0.5% ) 5 #30 5 Iml & %5 9%>1v.)? o st lhr {8 »
Binie 74 B8 0 RO Jf b b 08 SliciE o

EER 0 ]
- ke gl e R RAE R RJE o
- e Fasr IOUM SAH Thry 2 27409 b A% o
$Z 2% SAH » 27879 k3% -
$w o 99%0 (i) 0.5% DMSO Thr i » & 7 8¢ b £% o
%37 et FLsr(iv.) 0k B (20 uM)SAH lhr {8 0 2 F 4 Y R F%’;F
FERN(E > AR 2800 R~ ERE IRE RBY o K R 3.2 (2000g ,15min)
Be bR B¢ 80 C T o MFERE YRR YT FRRI R T 10 %P AR S R

(paraformaldehyde);z i% ¥ =@ o
7. # 7 k #% (Yang et al., 2002)

xRz A AL 0 £ 00— ¢k & PE-200 e Copper-consantan £ 7 % 446 » + ¥ &
EHYIRGOLT oL ¥ - BRI EAR ST 0 i o8 18E (Teo, colon
temperature) e v o — P H L F 1S o BHr v B A VAT ER Y o F 2T
l4a P B & (Ta, ambient temperature) » ¢ P 4 P JF & 453 244 1 °C o %% B4 1048 24
- BRI AFME N5 360°CHE M Al ReRF P ERL 2T 42°CEiE
PR AR BT A0 B2 #P b4 FESMPET A Y @v*ﬁ@ﬁ@v’? %og R %



A A A 2 R AT e R TR 25 F AL T i R
TRGAEF LAV v RE o f K F’ﬂ BOERAITIE R A 42 Tl o PR B IEG L R T
FERETRDE ) VARLEY LA S At - EFE LAY b 24 S 2h(the onset of
heatstroke)  #t ¢ b 4 {8 > FRFHFEHE T B TR AN ERRE PR T 244
1°C LB T iedr? W EBDE L friz B/ o

FErEHG
1. SAH # Hey % BNL CL.2 #2 BV-2 ‘% 13 & & 2 B 4%
e fJ‘ 5% 4m 72 (BNL CL.2 cells) % #¢ 553 'm#z (BV-2 cells) ¥ »5~20 uM SAH ‘% &g ¥ chgr |
3 @S e w7 i CL-2 cells 64%%2 BV-2 1 68%) ; @ ® i& B (£% & 3 & & 5%
)@ "iff%“i% & PER B 4o o e 7 B F A 4o (Fig. 1) o @ 73 8 2.(0.2% DMSO) & 7 ¢ it
%l g S (Datanot shown)e ¥ ¢t » 12 Hey /2 CL.2 22 BV-2 fm®z {8 > 2 3 I 5 mM
Hey it B8 F chfr | dm " 578 5 (Fr4] 5 4~ w7 i CL-2 cells 36%% BV-2: 64%) > ¥ & 5 p¥
B 2c s 5 & 1 mM 4 2 mM Hey R & P &g e % (Fig. 2) ©
2. SAH ¥¢ Hey ¥ BNL CL.2 & BV-2 m%2 DNA i§ & 2 258
11 SAH o2 CL.2 'm® 48 /| pFis » $Fim"e DNA %74 & 5 H £ »c /i » 5~20 uM SAH fiw
70 0 TM 8 88 % chg >t 73 A 2 (SAH 74 %t 0.2% DMSO > 02% DMSO # ¢ i = DNA &
By Aup A EE T 2.5 384069 & o s Hey i & DNA $4 ch#) £ & 2 ImM
2 b 5 5mM Hey £ 20 pM SAH ¢ TM &40 3 (Fig. 2A) « 5% 7% 0 35 I & BV-2 % T 4 ¥
23| 4 % 5 (Fig. 2B) ©
3. SAH £ Hey $ BNL CL.2 #2 BV-2 ‘m* o SAH ~ SAM 7 ¥ 2 B 48
A7 Bf#3 & SAH & Hey L7 J5d "% b SAH ~ SAM ec 8 » 3¢ & % 376 5~ DNA
Y74 o AP - A T w0 SAH ~ SAM 7 # (Table 1) - 5 %32 % DMSO48 /| pF » ¥ %
gecgre o SAH~SAM 7 & © “f % h4e SAH (5-20 pM)#| £ 5 4e > fm%e b SAH & ¥ et
/% A 5 4e (p<0.05) - & Hcy Bl% 5 5mM o A ac B F s sere p SAH 3 £ © § e gl
SAH & Hey 48 /[ p¥ > ¢ A SAM 5 £ % % g :c% o T > fm#% N SAM/SAH ' 67 % 4
wrz T i fg R oo AP IR 20 uM SAH F&J e 5z b SAM/SAH v &) B % et 3 & 2T
i (19.4 vs. 6.6) > @ Hey %k © & SAH 5 ° & BV-2 'm?% T » 7 ¥ BZ 7|48 F % % (Data
not shown)
4. SAH # Hcy $ BNLCL.2 % p 5-mdc § £ 2 %
A PR RR RS A e p AR R S 5-mde § £ 1 (Table 2)<5-mde § R A%
P& T dmre p B A v 42 & T "2 (DNA hypomethylation)  § CL.2 ‘w¥® &J2 5~20 uM SAH
4 > 5-mdc%3f F g F SAH A £ # 4 @ T % (p<0.05) - @ 1~5mM Hoy F 4 it & ‘me ch
5-mdc%"% 4 - 20 uM SAH %2 SmM Hcy %507 5-mdc% 4 %) 3412 ™ *% 7 32%% 9.3% -
5. vk
KT P i E %@ SAH %] BFR H 5 mee dhim e & 13T o AP AT § 8 I SAH A
FeirFr i gwmieig & DNA i 2 #“P#'J e 3 A S 0 TV a A B M p
SAM/SAH * 5% S-mdc 5 8« Flpt o AR F Firs & K7 8- % F1% 8 4 %% % SAH

TR A e chd IEE o
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Figure 1. Effect of SAH on cells viability in (A) BNL CL.2 cells and (B) BV-2. BNL CL.2 and
BV-2 cells were treated with different concentrate of SAH for 24 h~72 h. Cell viability was
determined by MTT and expressed as a percentage of viable cells in the total number of cells

counted. The figure shows means + SD (n > 5) for each treatment.
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Figure 2. Effect of Hcy on cells viability in (A) BNL CL.2 cells and (B) BV-2. BNL CL.2 and
BV-2 cells were treated with different concentrate of Hcy for 24 h~72 h. Cell viability was
determined by MTT and expressed as a percentage of viable cells in the total number of cells

counted. The figure shows means + SD (n > 5) for each treatment.
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Figure 3. Effects of SAH and Hcy on DNA strand breaks in BNL CL.2 cells (A) and BV-2 cells
(B). Cells were treated with SAH (5 to 20 uM) or Hey (1 to 5 mM) for 48 hr. DNA strand

breaks were determined using comet assay and expressed as tail moment.
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Table 1. Intracellular levels of SAH and SAM in BNL CL.2 cells®”.

Treatment SAH (nmol/mg protein)  SAM (nmol/mg protein) SAM/SAH
Control 1.8+0.1° 3142 17.0
DMSO 1.7+0.2% 3343 19.4
SAH
5 uM 2.140.3% 363 17.1
10 uM 2.6+0.2° 374 14.2
20 uM 5.3+0.3¢ 3543 6.6
Hcey
1 mM 1.9+0.1° 354 18.4
2 mM 2.14£0.2% 3443 16.2
5 mM 2.740.1° 3643 13.3

a: A T-75 flask was seeded with 1 x 10° cells, and the cells were incubated at 37°C for 48 hr.
b: Values are means * SD of triplicate assays. Data in the same column not sharing a common

letter are significantly different (P < 0.05).
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Table 2.The content of 5-methyldeoxycytidine in BNL CL.2 Cells*"°.

Treatment 5-methyldeoxycytidine (%)
Control 1.94+0.01°
DMS0 1.93+0.02¢
SAH
S UM 1.85£0.02°
10 uM 1.78+0.01°
20 uM 1.31£0.03*
Hcey
I mM 1.9040.01°
2 mM 1.89+0.02¢
S mM 1.76+0.01°

a: For each cell line, a T-75 flask was seeded with 1 x 10° cells, and the cells were incubated at
37°C for 48 hr.

b: 5-methyldeoxycytidine (5-mdc) and deoxycytidine (dC) in cellular DNA were determined by
high performance liquid chromatography. The molar 5Smdc%, that is, 100 x 5mdc/(dC+5-mdc),
was calculated.

C: Values are means = SD of triplicate assays. Data in the same column not sharing a common

letter are significantly different (P < 0.05).
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Table 3. Effects of heat exposure (HE; Ta = 42°C) on latency to the onset of heatstroke and
survival time in rats treated with normal saline (NS), in rats treated with SAH, and in rats treated
with Hcy.

Treatment Latency (min) Survinal (min)
Rats treated with NS and kept at 24°C 45013 450+2

Rats treated with NS (1 mL/kg, i.v.) and kept at 42°C 77+3 212

Rats treated with DMSO(0.5%, 1 mL/kg,i.v.) and kept at 42°C ~ 80+2 22143

Rats treated with SAH(20 uM, 1 mL/kg,i.v.) and kept at 42°C 65+4° 10+3*

Rats treated with Hey( ImM, 1 mL/kg,i.v.) and kept at 42°C 78+2 2413

Values are the means £ SEM of 10 rats per group. Groups 2 through 4 exposed to 42°C had HE
withdrawn at the onset of heatstroke. NS or drugs were administered before the onset of
heatstroke.

*P < 0.05 compared with the corresponding control values (rats kept at 24°C) (one-way ANOVA
followed by Duncan’s test).
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