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: Cellular DNA is highly vulnerable to modification by

exposure to electrophilic molecules that originate from
both exogenous and endogenous sources, either directly or
following metabolic activation. These modifications result
in the formation of DNA adducts. If DNA adducts are not
repaired properly, they can lead to mutations in critical
genes such as those involved in the regulation of cellular
growth and subsequent development of cancer.

The strategy, named the DNA adductome approach, is based on
chromatographic separation of a nucleoside mixture combined
with the detection of the constant neutral loss (CNL) of

2" —deoxyribose from positively ionized 2° -deoxynucleoside
adducts over a certain range of transitions. This has led
to the concept of producing an adductome map of all DNA
adducts in a sample. This approach holds great potential
for gaining further insight into DNA adduct profile
differences between human populations exposed to mixtures
of environmental genotoxins, but until now has been
constrained by a variety of factors such as lower
sensitivity, limited structural information and regional
differences in matrix effects along the chromatogram. In
this study, we developed a novel DNA adductomics method,
which overcome the drawbacks of previous works, for
assessing external exposure to areca nuts and cigarette
smoke.

DNA adducts, DNA damage, adductomics, LC-MS/MS, areca nuts,
cigarette smoke
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sulfonat, MMS) » 2z &% 7 B 4 ¢ DNA adductomics = j# ¥ {74+ o

(7) #-HImFEPR e &H8 calf thymus DNA & £ F & » 12 DNA adductomics
WE AFRIFEF B 5 L4~ DNA %A i F F (direct-acting DNA
alkylating agent) °

(8) DNA adductomics 47 3|# 4 7 %+ > /| A W&k & Ry - 7 AL A=
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Standard

Source

2'-deoxyguanosine (dG)

8-0x0-7,8-dihydro-2'-deoxyguanosine (8-0xo-dG)

*N;s-2'-deoxyguanosine ('°Ns-dG)
5-hydroxymethyl-2'-deoxyuridine (5-hmdU)

Sigma-Aldrich

2'-deoxycytidine (dC)

MP Biomedicals

5-Methyl-2'-deoxycytidine (5-mdC)

Tokyo Chemical Industry

2'-deoxyadenosine (dA)
thymidine (dT)

Alfa Aesar

2'-deoxy-5-propynyluridine (5-ppn-dU)
2'-deoxy-5-propargyloxyuridine (5-ppg-dU)
N6-benzoyl-2'-deoxy-8-oxoadenosine
(N6-bz-8-0x0dA)

Carbosynth

N;-2'-deoxycytidine (*N3-dC)
1*N;-8-0x0-7,8-dihydro-2'-deoxyguanosine
(*’N;s-8-0x0-dG)
5-Hydroxyethyl-2'-deoxycytidine (5-hmdC)
5-Methyl-ds-2'-deoxycytidine (d;-5-mdC)
5-Hydroxymethyl-2'-deoxycytidine-d3
(d3-5-hmdC)

deoxythymidine-ds (d;-dT)
N6-(2-hydroxyethyl-d4)-2'-deoxyadenosine
(d4-N6-2HE-dA)

Toronto Research
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Bl=- ~ A3 #7i¢ % 0 18 % 2’-deoxynucleosides % 52 fo i+ % &2 &
1 ~ 2’-deoxycytidine ; 2 ~ °N3-2’-deoxycytidine ; 3 ~ 5-hydroxymethyl-2'-deoxycytidine ;

4 ~ 5-hydroxymethyl-2'-deoxycytidine-d; ; 5 ~ 5-methyl-2’-deoxycytidine ;

6 ~ 5-methyl-2’-deoxycytidine-d; ; 7 ~ 5-hydroxymethyl-2’-deoxyuridine ; 8 - 2'-deoxyadenosine

9 ~ 2’-deoxyguanosine ; 10 ~ "Ns-2’-deoxyguanosine ; 11 ~ thymidine ; 12 ~ deoxythymidine-ds

13 ~ N6-(2-hydroxyethyl-d4)-2'-deoxyadenosine ; 14 ~ 8-oxo-7,8-dihydro-2'-deoxyguanosine

15 ~ "*N;s-8-0x0-7,8-dihydro-2’-deoxyguanosine ; 16 ~ 2'-deoxy-5-propargyloxyuridine

17 ~ 2'-deoxy-5-propynyluridine ; 18 ~ N6-benzoyl-2'-deoxy-8-oxoadenosine




Q) pdi R MEAPIT BB H 24P K 47 8 T T ¥ R (Automated On-line SPE
LC-MS/MS)

*FE 7 78 * 0 on-line SPE LC-MS/MS d Agilent 1100 series p #4731 &
® o~ BRI 0% ks (binary pump, Agilent 1100 series) I 45 f= API 4000
Q-trap = %5V w 4418 & 3+ 1L B ¥ & (triple-quadrupole mass spectrometer,
Applied Biosystems) *7’e = o SPE trap column % Inertsil ODS-3 % 4& (75 mm x
2.1 mm, 5 pm particle size) @ analytical column 7+ % Inertsil ODS-3 ¢ +x (150

x 2.1 mm i.d., 5 um particle size) > 4o B] = #71 o

(A)

-*J-‘:[h-

Analytical column

Autosampler
o] o] _|
= * |
=
=== {

ESI
Triple-quadrupole MS
Waste
Trap column
(B)
Analytical column
@O D A = 1
a |cD| a:l ( ES]

Triple-quadrupole MS

Waste

Trap column

= On-line SPELC/MS/MS 2 fi #5 % A3 B¢ (A) fk k2% 1+ (B) #
B4 # #ie » HPLC %4112 MS/MS {74 45 « (Huetal. 2010)
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(m/z) &> 116 Da (7 ¢ & % 2’-deoxyribose : [M+H] © > [M+H-116]") % 3
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(2) CNL #i38 ™ if jp] 2°-deoxynucleosides % #ic it it

=1 CNL $VE P Fengach » AP iE - 9 B 2’°-deoxynucleosides 7
Pl FreFsditod a5 PRI - BiE7 RNt S AR 75 X038
BRETROPED I A>T A F R AP R 2 i BT aLY 5 F i Y
it %8 & (turbogas temperature) ~ 4 # 7T & (declustering potential, DP) ~ #i 42 it
£ (collision energy, CE) £ 4 ¥ (scan time) s B & & $8ice 7 £ > #12
T S Bk T ¥ R G5 @ ! curtain gas flow = 10 ; nebulizer gas (Gas 1) flow = 50 ;
turbo gas (Gas 2) flow = 50 ; collision-activation dissociation (CAD) gas flow =
medium ; entrance potential (EP) voltage = 10 V ; collision cell exit potential (CXP) =
15Ve 3% » 2V & 383 $53% (positive ion) T 3%z T rf JE L+ 1t 0 & ~DP -
CE ### R4 CNL A 54cp B chis 38 -

-4t 18 fdeh 2’-deoxynucleosides 2 &2\ e i & R0 B T Sliconk &
v o drd = #757 > BSI 408 B S 7 FiE 2R3 (350°C ~ 400°C ~ 450°C) » 3 1
18 BERF P 5 15 B 400°C e BER T F RGOS RAE A ZZ 5
2 TR (DP) 57 B 65 p2% (10 ~ 20 ~ 30 ~ 40 ~ 10-30 ~ 20-40) » 37 18
FRIFFoi 30V ch DP R BT >3 fFcha i R m 2 s s £ (CE)
27k iEEPE (10~15-20~25~30~35~40+~45~10-30~20-40) > .12 10-30
V RFFEROERER ERCEENT) P ES? PIAF R FRHFPFAELD
M55 K& A% if (data not shown) » R & cdF g PFAF € i = & B TP e B
B e AT GBI EENREOESI e4ER S 400°C~DP 5 30V~CE 3
10-30V 2 HHPERF 5 1 > 7% 18 B 2’-deoxynucleosides #ip|4 » 3¢ CNL
Bl T A4 BTk i RATAR o

ESI e RAXB - 823 T3 L {3272 F R RIF a0y - M4 F T4
FRNFHDPBE o R EATAP ST FIR ESI R RARG 0 4 AT SR F
2’-deoxynucleosides * 13 ¥ $i4E & » Q0 % J’I‘ua‘i{-ﬁ?’ RN . Rl R
(in-source thermolysis) * ot *tsi+ 7 DP » ¢ %] Jh P A f F F 2
# (collisionally induced dissociation) £ 2’-deoxynucleosides } 13 ¥ 2% fiE
> QO = ,Tk? % (Hu et al. 2010) > i % fren CE it £ ¥ & 2’-deoxyribose %
Q2 i FEIAANT 4 - X CE L BRI R34 F & Q FEARH >
i = 2’-deoxynucleosides g fh» ARFA 0 FIp Rt T dg e 3 2 0 Q3

R R A LEBRFNEH CNL i > 2 i PR T8 L3 2 A d0

22~ TR E (BSD) R Pt i



Relative intensity(%)

Nucleosides Temperature
350°C 400°C 450°C
dcC 84 100 60
N;3-dC 100 40 44
5hmdC 100 45 49
d3-5hmdC 81 85 100
5mdC 58 100 88
ds-5mdC 82 100 86
5hmdU 48 100 78
dA 99 100 61
dG 96 100 75
Ns-dG 100 64 71
dT 100 64 80
ds-dT 99 100 83
ds-N6-2HE-dA 95 100 77
8-0x0dG 44 43 100
"N;s-8-0x0dG 47 86 100
5-ppg-dU 78 100 75
5-ppn-dU 99 100 93
N6-bz-8-0x0dA 53 100 31

%z -2 AETE (DP) g it v

Relative intensity(%)

Nucleosides Declustering potential (DP), V
10 20 30 40 10-30  20-40
dc 39 15 76 100 72 65
N;-dC 50 43 100 38 42 73
5hmdC 49 72 90 37 38 100
d3-5hmdC 50 46 100 76 58 43
5mdC 49 60 83 53 50 100
d3-5mdC 48 100 94 67 55 54
5hmdU 42 100 40 31 69 36
dA 57 79 100 95 59 62
dG 42 52 100 65 56 82
Ns-dG 67 55 67 54 50 100
dT 100 69 59 60 146 64
ds-dT 71 100 51 77 49 75
ds-N6-2HE-dA 51 72 65 44 73 100
8-0x0dG 70 100 69 77 69 89
5N5-8-0x0dG 85 48 100 68 58 55
5-ppg-dU 100 89 64 70 83 67
5-ppn-dU 100 42 78 35 83 40

N6-bz-8-0x0dA 46 56 58 100 42 93
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Relative intensity(%)

Nucleosides Collision energy (CE), V
10 15 20 25 30 35 40 45 10-30  20-40
dc 49 51 56 57 38 38 44 27 100 46
N;5-dC 49 40 100 37 34 38 36 24 37 18
5hmdC 95 85 60 48 27 28 8 2 100 8
ds-5hmdC 100 76 84 42 25 13 6 3 80 51
5mdC 100 77 99 77 91 52 60 69 86 41
ds-5mdC 49 100 71 61 73 90 43 68 74 87
5hmdU 68 29 9 4 2 0 0 0 100 4
dA 24 54 58 55 100 35 60 29 32 41
dG 26 17 16 39 31 44 33 27 100 20
Ns-dG 46 64 39 75 73 65 56 21 100 19
dT 88 73 52 41 42 35 23 23 100 21
ds-dT 77 71 71 53 62 33 30 28 100 23
ds-N6-2HE-dA 15 27 51 100 67 83 73 24 23 25
8-0x0dG 58 68 81 87 85 70 100 40 80 26
5N5-8-0x0dG 71 80 100 94 56 61 82 30 79 22
5-ppg-dU 83 60 20 21 7 6 0 0 100 11
5-ppn-dU 92 76 66 29 10 6 4 8 100 35
N6-bz-8-0x0dA 41 63 66 100 55 56 49 19 93 33




%I ~ & 48 2’-deoxynucleosides = iF it if i

ESI

Nucleosides temperature P CE
) V) V)
2'-deoxycytidine 400 40 10-30
"N;-2'-deoxycytidine 350 30 20
5-hydroxymethyl-2'-deoxycytidine 350 20-40 10-30
5-hydroxymethyl-2'-deoxycytidine-d; 450 30 10
5-methyl-2'-deoxycytidine 400 20-40 10
5-methyl-2'-deoxycytidine-d; 400 20 15
5-hydroxymethyl-2'-deoxyuridine 400 20 10-30
2'-deoxyadenosine 400 30 30
2'-deoxyguanosine 400 30 10-30
"N;s-2'-deoxyguanosine 350 20-40 10-30
thymidine 350 10 10-30
deoxythymidine-ds 400 20 10-30
N6-(2-hydroxyethyl-d4)-2'-deoxyadenosine 400 20-40 25
8-0x0-7,8-dihydro-2'-deoxyguanosine 450 20 40
1*N;5-8-0x0-7,8-dihydro-2'-deoxyguanosine 450 30 20
2'-deoxy-5-propargyloxyuridine 400 10 10-30
2'-deoxy-5-propynyluridine 400 10 10-30
N6-benzoyl-2'-deoxy-8-oxoadenosine 400 40 25

FA ~EEEi {8 CNL ds 473 0% 4ol

Start (amu) ~ stop (amu) 220-600
Loss of (amu) 116
Declustering potential, V 30
CONL Entrance potential voltage, V 10
Scan time (s) 1.0
Collision-induced dissociation gas flow Medium
Collision energy, V 10-30
Collision cell exit potential, V 15




(3) On-line SPE LC-MS/MS 4 472 3% =

d 3> DNA adducts 7 LC-ESI-MS/MS %~ 47 » ¥ X Il iﬁ&?ﬁﬂ:}ﬁvﬂfljl %
Fo i PR AL PR e b FRI R ARG R 0 A AT FEE e T
B A e dT uﬁ_“”"’ﬁé EfF R B o T R R TR f o e gl
ﬁ% e AR E FR A D RE X R T R A Rhp i

4 F 4P 5 P~ (on-line SPE) = ;% » & * %A adductomic 4 47 #_2L-F 43 ehfg i

s pE LR AR EELMTE ifrﬂihj**; (R R P SRR Rl - et I g
vy S S H Atk She 17 £ (Tretyakova et al. 2013) o

*F 3 ¢ i on-line SPE i % LC-MS/MS 44773 /% » p @ S5V HAp 5
% e 7 - 2w R (valco) ¥ — trap column ‘2= (T B 3) = R el i
g * PE-SCIEX -4 #c%8 (AnalystTM, Applied Biosystems) °

AL BRAF FAANFAPZR LY DETRE S » RE M
%+ A (Load) P¥ > 20 uL =k ﬂ\;ﬁd pPEERAE 2 - Sk 5 0.2mL/min
1 F B2 100% solvent [a > #-4% & i b 72 /% 3% 5 #§ %3 # 11 (guard column)
4R —*TB"? Ho BRI BRI RS A8 e § solventla #-p 7
BRI E Bk 25 A4k 0 2 e RS 8 B SR AR R 4T
SLenfs # 4p i3 % eluent I & 7 - & # & (100% solvent Ila ¥] 100% IIb) > #- trap
column # chi¥ il 4+ 5% 1 LC-MS/MS > (i 72.6 » &bt de s > = v A A
¥ A M pFEE O~ elute 1 (100% Ib) ‘)%‘?36 = AR fq‘fﬁwg oo B e 12 100% la &
BRRERTE EEFT - 4T BAPTRRF S 90 A 4 o
BI 5 A3 B8 2 Online SPE LC-MS/MS = ;2 #-4F 18 & & R4 &%

&2 CNL #4 & 17 Bl -

>d:—

v

>P\-

.n\.
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# = ~ 2’-deoxynucleosides 4 1774k * R 1% 27 e AR K AT H R

Time Eluent I (trap column) Eluent II (analytical column) Valve Flow rate Remarks
(min) Solvent [a%(%)  Solvent Ib®(%) Solvent ITa°(%)  Solvent ITb%(%) position (WL/min)
0.0 100 0 100 0 A 200 Injection and washing of sample.
2.5 100 0 100 0 B 200 Start of elution of the sample to
the analytical column.
2.6 100 0 100 0 B 200
5.0 100 0 100 0 B 200
70.0 100 0 0 100 B 200
71.9 100 0 0 100 B 200
72.0 0 100 0 100 B 200
75.0 0 100 0 100 B 200
75.1 0 100 100 0 A 200 End of elution; trap column
cleanup and reconditioning.
80.0 0 100 100 0 A 200
80.1 100 0 100 0 A 200
90.0 100 0 100 0 A 200

3% (v/v) MeOH containing 1 mM ammonium acetate (AA).
®95% (v/v) MeOH containing 1 mM ammonium acetate (AA).
2% (v/v) MeOH containing 0.1% Formic acid (FA).

995% (v/v)MeOH containing 0.1% Formic acid (FA).
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(5) Fa¥ri7 &%ﬁ?ﬁ?ﬁ% 41 % Adductome map
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KRR Z2* I m/z FF PR 25 % A (Kanaly et al. 2006; Singh et al. 2010;
Carlsson et al. 2014; Kanaly al. 2015) -
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(6) DNA adductomics & * *t calfthymus DNA £ B 7 £ 7 A i 253
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ACS News Service Weekly PressPac: October 24, 2012

Chewing betel quid exposes half a billion people
to direct carcinogens

“Direct-Acting DNA Alkvlating Agents Present in
Aqueous Extracts of Areca Nut and Its Products™

Chemical Research in Toxicology

Chewing betel quid — the fourth most popular psychoactive
substance in the world after tobacco. alcohol and caffeine —
exposes its 600 million users to substances that act as direct
carcinogens in the mouth. scientists are reporting in a new
study. It appears in ACS’ journal Chemical Research in
Toxicology.

Mu-Rong Chao and Chiung-Wen Hu explain that betel quid
(BQ) consists of nuts from the arcea tree. sometimes
combined with spices. such as cardamom or saffron. and
other ingredients. Available in commercial forms, BQ is
popular among people in China. India and other Asian countries. and people of Asian heritage living in
the U.S. and other countries. Scientists have known for decades that chewing BQ can lead to oral
cancer, and showed recently that the substances in BQ could be changed into carcinogens m the body.
The authors of this study explored whether there were any substances in the arcea nut that can cause
cancer directly. without any need for the body to change or “activate” them.

Credit: 1Stockphoto/Thinkstock

They discovered that compounds in the arcea nut can “alkylate™ the genetic material DNA. causing
changes that increase the risk of cancer. and they are present in betel quid in amounts high enough to
do so. “Our study showed that these alkylating agents are present at levels sufficient to cause DNA
damage and could potentially have adverse implications to human health, particularly in the case of the
development of oral cancer for BQ chewers." they say.

The authors acknowledge funding from the National Science Council. Taiwan.

Contact

Science Inquiries: Michael Woods. Editor. 202-872-6293
General Inquiries: Michael Bernstein. 202-872-6042




AN g‘t—‘géz}%

Balbo, S., R. J. Turesky, et al. (2014). "DNA adductomics." Chemical Research in Toxicology 27(3):
356-366.

Beach, A. C. and R. C. Gupta (1992). "Human biomonitoring and the 32P-postlabeling assay."
Carcinogenesis 13(7): 1053-1074.

Beranek, D. T. (1990). "Distribution of methyl and ethyl adducts following alkylation with
monofunctional alkylating agents." Mutation Research/Fundamental and Molecular Mechanisms
of Mutagenesis 231(1): 11-30.

Carlsson, H., H. von Stedingk, et al. (2014). "LC-MS/MS Screening Strategy for Unknown Adducts to
N-Terminal Valine in Hemoglobin Applied to Smokers and Nonsmokers." Chemical Research in
Toxicology 27(12): 2062-2070.

Chao, M., C. Wang, et al. (2007). "Simultaneous determination of N7-alkylguanines in DNA by
isotope-dilution LC-tandem MS coupled with automated solid-phase extraction and its application
to a small fish model." Biochemical Journal 402: 483-490.

Evans, M. D., R. Olinski, et al. (2010). "Toward consensus in the analysis of urinary 8-oxo-7,
8-dihydro-2'-deoxyguanosine as a noninvasive biomarker of oxidative stress." The FASEB
Journal 24(4): 1249-1260.

Hu, C. W, M. R. Chao, et al. (2010). "Urinary analysis of 8-oxo-7, 8-dihydroguanine and 8-oxo-7,
8-dihydro-2'-deoxyguanosine by isotope-dilution LC-MS/MS with automated solid-phase
extraction: Study of 8-oxo-7, 8-dihydroguanine stability." Free Radical Biology and Medicine
48(1): 89-97.

Hu, C. W., B. H. Lin, et al. (2011). "Quantitative determination of urinary N3-methyladenine by
isotope-dilution LC-MS/MS with automated solid-phase extraction." International Journal of
Mass Spectrometry 304: 68-73.

Hu, C. W. and M. R. Chao (2012). "Direct-acting DNA alkylating agents present in aqueous extracts of
areca nut and its products." Chemical Research in Toxicology 25: 2386-2392.

Kanaly, R. A., T. Hanaoka, et al. (2006). "Development of the adductome approach to detect DNA
damage in humans." Antioxidants & Redox Signaling 8(5-6): 993-1001.

Kanaly, R. A., R. Micheletto, et al. (2015). "Application of DNA adductomics to soil bacterium
Sphingobium sp. strain KK22." Microbiology Open.

Klaene, J. J., V. K. Sharma, et al. (2013). "The analysis of DNA adducts: The transition from
2p-postlabeling to mass spectrometry." Cancer Letters 334(1): 10-19.

Nair, U., H. Bartsch, et al. (2004). "Alert for an epidemic of oral cancer due to use of the betel quid
substitutes gutkha and pan masala: a review of agents and causative mechanisms." Mutagenesis
19(4): 251-262.

Singh, R., F. Teichert, et al. (2010). "Development of a targeted adductomic method for the
determination of polycyclic aromatic hydrocarbon DNA adducts using online column-switching
liquid chromatography/tandem mass spectrometry." Rapid Communications in Mass Spectrometry
24(16): 2329-2340.

Tretyakova, N., P. W. Villalta, et al. (2013). "Mass spectrometry of structurally modified DNA."
Chemical Reviews 113(4): 2395-2436.

Tricker, A., C. Ditrich, et al. (1991). "N-Nitroso compounds in cigarette tobacco and their occurrence in
mainstream tobacco smoke." Carcinogenesis 12(2): 257-261.

Winstock, A. (2002). "Areca nut-abuse liability, dependence and public health." Addiction Biology 7(1):
133-138.

Megt2 & #E 2 (2001). "] 2 5 DNA 4c= g FH 2 52828 AP 2 €2 447" Chemistry
59(3): 299-310.




FAERBEF T 3T HARNEE R ERL

#1104 6" 1p

El 2 NSC 100-2628-B-040-001-MY4
(e FER E %’?TE ek Fl4E 2 48 5 (DNA Adductomics): > & =75 # % %
RS
B 3 rid & o DNA # 5 13 45
, ¢z A BRE pFd
B4R g PR 3 FEASREE 2L
A ’ 2 BAL s
104 # 5% 25 p % -
= = [a = ; L j& ’
€ R 104551 29 p € ki B p Kyoto
£ & O A The 15th International Congress of Radiation Research (ICRR 2015)
CE X Quantitative analysis of 5-hydroxymethyl-2'-deoxycytidine in human urine
A by automated online solid-phase extraction LC-MS/MS

SRR GRS & B

2015 & %A L & € P AR TRE ¢ % B (Kyoto International Conference Center) # #% »
4 # ¢h3 b 5 “Radiation Science Shaping the Future of the Earth and Mankind” o £§ & § h= &5
Ao FRFIAAGHCEMAPM I PR 252 FE S BASITE R RS R -

d 3P A% 2011 & 3 % 11 p e RB5l8A8E % - RS 4 % 7 #7(Fukushima Daiichi Nuclear
Power Plant)shE A X F 2 > R Z A EPMIER - 7 BRI A FUEHZTEEFRT
BEESECS N E RIE R R SRV A RS S A S R Y

155443 DNA endp i £ 4 00 ki R BV o 2 F 5% 33T R $30 8 pl & i @ (epigenetics) ek 74
B AR MR R B AR o B AT F % Y 5-methyl-2'-deoxycytidine A k8 p 5 Tet pEZ & Ot :
5-hydroxymethyl-2'-deoxycytidine £_& & ¢ DNA & 7 A 4] 5 2o 4k BRGNS 7 2
5-methyl-2'-deoxycytidine % i* 3 5-hydroxymethyl-2'-deoxycytidine = #]#* A ICRR 2015 #% o % 7
B Akie @ 2 ip] 5-hydroxymethyl-2'-deoxycytidine e/ 3% Hojiv o 4p 2 e &+ & ICRR 2015 ¢ o 4c £

1



* ¥ ¢ Jean Cadet #& 1 > & £R7 » B cytosine 545 #+ig & «hF i+ & 4 5-hydroxycytosine »
5,6-dihydroxy-5,6-dihydrouracil . 5-hydroxyhydantoin 3
1-carbamoyl-4,5-dihydroxy-2-oxoimidazolidine - ¢ *t i 3 5-methylcytosine = ¥ it & %
5-amino-5-methylhydantoin ~ 5-hydroxymethylcytosine % 5-formylcytosine - i& % 5 7= ¥ {5 5k &
FaBREiEA G m WA TSR R

25-29 May, 2015 kyoto inter national Conference Center
President. Masahiro HIRAOKA, m.p, Ph.D. ¢y
lessor, K

W
8 7 yolo Unwers:ly

‘LW.




_ A .
SRR m

Mu-Rong Chao, Yi-Hung Tsai, Chiung-Wen Hu. “Quantitative analysis of 5-hydroxymethyl-2'-deoxycytidine
in human urine by automated online solid-phase extraction LC-MS/MS”. the 15th International Congress of
Radiation Research, 3-PS3B-08, May 25-29, 2015, Kyoto, Japan.
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Quantitative Analysis of 5-hydroxymethyl-2'-deoxycytidine in Human
Urine by Automated Online Solid-phase Extraction LC-MS/MS

Mu Rong Chao', Yi Hung Tsai', Chiung Wen Hu’

1 - . . . . . . .
Department of Occupational Safery and Health, Chung Shan Medical University, Taiwan,
2 - . - . . . .

Department of Public Health, Chung Shan Medical University, Taiwan

Methylation of the C5 position of cytosine in genomic DNA is one of the most fundamental epigenetic
characteristics. Aberrant methylation of certain genes has been associated with various diseases, especially
cancers. Recent study showed that 5-methyl-2'-deoxycytidine (5-mdC) in cellular DNA exposed to ionizing
radiation generated a variety of oxidation products. Of the 5-mdC oxidation products, the main radiation-
induced modified nucleoside was 5-hydroxymethyl-2'-deoxycytidine (5-hmdC). Meanwhile, 5-hmdC is
also an mportant intermediate of the demethylation of 5-mdC. However, limited information is available
concerning the 5-hmdC measurement in human. In this study, we developed an isotope-dilution liquid
chromatography-tandem mass spectrometry (LC-MS/MS) with online solid-phase extraction (online SPE)
for rapid analysis of 5-hmdC in human urine.

Crude urine sample was added with stable isotope-labeled internal standard (d3-5-hmdC) and then directly
injected into the online SPE LC-MS/MS. The online SPE consisted of a switching value and a C18 trap
column (33 x 2.1 mm i.d., 5 um; Inertsil, ODS-3). The switching value function was controlled using
PE-SCIEX control software. After automatic sample cleanup, the sample was automatically transferred
onto a C18 column (150 x 2.0 mm 1.d., 5 pm; Inertsil, ODS-3) using a Agilent 1100 series HPLC system
that was interfaced with a APT 4000 QTRAP linear ion trap mass spectrometer (Applied Biosystems). The
samples were analyzed 1n the positive ion multiple reaction monitoring mode. 5-HmdC was monitored at
m/z 258>142 (quantifier 1on) and m/z 258>124 (qualifier ion), while d3-5-hmdC was monitored at m/z
261>145.

The detection limit of 5-hmdC was estimated to be 0.13 fmol on column. This method was further applied to
determine the urinary levels of 5-hmdC 1n 30 healthy adults. The results showed that the mean background
urinary level of 5-hmdC was 3.7 = 2.6 ng/mg creatinine. Overall, the measurement of 5-hmdC in urine may
help to mvestigate the radiation-induced oxidation of 5-mdC as well as the changes of DNA methylation
status in human.
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