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Application of Biomarkers for the Assessment of
Carcinogen Exposure and Cancer Risk
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ABSTRACT : Risk Assessmemt is an important area in toxicology and the methodology for risk
assessment has been developed. Mathematical models used for risk assessment include one-hit, multi-hit,
two-stage, probit, logistic, multistage, and linearized multistage models. For the assessment of exposure
dose, environmental monitoring has been applied, but it has limitation to accurately assess exposure level
because the levels in the air, water, foods, and soil may vary depending on time of sampling. In addition,
humans can be exposed to various sources of exposure and thus it will be impossible to estimate the total
level of exposure in humans by environmental monitoring. To eliminate the limitation of environmental
monitoring, a direct measurement of toxic materials or modified biomolecules (called biomarkers)
associated with the exposure of toxic materials is needed. Here, scientific basis of biomarkers and fature
direction have been considered for the assessment of carcinogen exposure and cancer risk in humans.
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% o] W %
B 4 glon, IR w5 Y S Ee] 29 ¥ AL b=l Abele] parent compound R WARAIE A A
7V1E &3 77Halel —!—'E‘Q A= AE3) #x A 5 AgAA FAse S ovigtt A ZUEFe|wt
ek -0 227, 1994). 3}, &3} 7] Sl A5} Biomarker& o] &3} 2% 37 A EAY gAY =
= 3 548 T FAR WY 4 9l oW o, QA 7t A9 xFE, kFl B SAENE dF
o] ¢ Zn T FeS A &3Pk 44 o). & & 9l whi-S 2alrh(Lee, 1990a; Lee, 1990b).
ujebr, 1A A8 HrHE ) e FolEe xF "
Vs ATARe 2R AREY, & 5)E Ao Jut Biomarkere| & ¥ &
3 &9 SA S Hrlske Aol 7 vl sl
o1& $]3 Biomarkere] AAH o179} Fgueto] 3sts} Biomarkeriz 87 tgalo] Aol xE8l F <fo] W
wjojo} shch(Santella ef al., 1990; o|W 5 =, 1992). 3], A= 7172 = 98] A2 E7E 4 qlo}(Fig. 1).
WAs sl 283 Uk GRS A Bomarker - wWed, 2 el sigshe AA WS 2%l
£ ol&slo] ek HHsY JbsE, o HrAlEE (Internal Dose, Biological Effective Dose, Early Disease,
Alg|Ado] ul$- =1 Aol AAA, A, = A4 Susceptibility) Biomarker 2 &-8-2 <= qlt}.
ol #fAo] 7158k A=A & 2HA| FcH(Choi et al., 1996a).
Exposure Biomarker
Biomarker@} QIX| 2L|E{EIC| M2 #7 HrekEAo] olAle] =2 F Ao 2AlstE %
AEA, 1 AR, wi AJ3iskd H3ls}l Exposure Bio-
Biomarker= 2lx] $s)4 FH71E 949 283t ot marker 2 345 4= 9] 9}, Internal Carcinogenic Dose &
24 A e de] o] &1 glon, oo} Zho] Biological Effective Dose(BED)7} 17l & w5t}
ofz] P2 Ao & 4 it olF £9, Wizsla BP)e] Al FENE A5 A
1) el Aol o] 7 Z(air, water, soil, food )2 x&% & A7) o) x12] BP2} BPtA}A|(el], BP-1-OH %) =+ %}H
73 BAEA w1 1 A, 340 w3, Asishd wis) 3}5] BPtiALA| (BP-diolepoxide, BPDE)el| 2]§F DNA, w4
55 SAs= 7 2, A|Ae] A, Z BPDE-DNA, -Protein, % -Lipid ad-
2) AEA, 3hEkd, B2l fa SAEAT QA e ductg-o] o]of] sFgeta & 4 glrh(Santella et al., 1988;
gsatgo 2lehd whe ARE 24 S 4 Lee, 1990c).
3) 74 5420) Aol 239 F AEY BAH 5
FoljA AstetA, AelgA, 71548 vehd S & Effect Biomarker
A= 7 273 ke xFd F QAN SAHIIAE tox
Biomarker2] 2| & &3t B Ao o8] ARE & icokinetics 2} tox1codynam1cs:=_— Ax ey Azkg)
3 FH o xE2H 37 UHEAS] AL F8 F Ao Aelehd Wz}, Asisty W), el W, e
Zh(el], DNA, =iz, 2 F)ef dkg3te] viepbe Al T AN AA o7 g 5 9l g MStE ofd
A, A3k, 7154 Hets SA s, 37 ke ol siegatct. dE E9, gl =231 & 4, 7, A%
i
e [ ] o] e
Environmental > Internal Biologically s Early o, Environmental
Carcinogen Effective Dose Disease Cancer

—>
T Carcinogen

r

i

Susceptibility

Fig. 1. Environmental Carcinogen Exposure, Biomarkers and Environmental Cancer Progress.
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Biomarkers in Multistage Carcinogenesis and
Intervention

2ol g3k ufe} zto] BiomarkerZ- Exposure, Effect,
712) 31 Susceptibilitydl] whe} 253 4= gl o} & ] FA
Aoz Wkt 2 71 wet 25h, kgl A
HE Eolet wialel F FHPUgEA ez wsled
DNAS A7) F2245} 3ae) DNA £44% §=
37, o] DNA £AHA7} replication®}A & Ax A2
DNAGd]| ¥o](edl, point mutation, cytogenetic alterationS-)7}
HAE Tt 2% mutationS Zk3 glE celle] genotypic
change(-3 3 2] H3hel|4] phenotypic change(E3 3 2] W
3hH=z 4= of A Z7} transformation® AFel)7} o] Z4]
& )71 shE s oh(Fig. 2).
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o §01& w2t carcinoma® Y=z Aol o] 27]
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ZAste] 7+ 1o kA kelejAd S o= S gl

Hrtel| 9lelA] Biomarkers) & 97

Carcinogen

!
Ultimate carcinogen ‘
i

DNA damage ‘

i

Mutation

{
Transformation

i

Proliferation

[}
Hyperplasia

!

Papilloma

i

Carcinoma

Fig. 2. Multistage Process of Carcinogenesis.
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Table 1. Half life of selected biomarkers
Exposure Biomarkers Half-life Reference
Smoking Nicotine 2 hrs Benowitz, 1982
Thiocyanate 14 days
4-ABP-Hb 3 months Friberg, 1985
Hg Hg 2 months in the body Tannenbaum, 1987
3-4 yrs in the brain
TCE Trichloroethanol 2 hrs in blood Vainio et al., 1981

Trichloroacetic acid

100 hrs in blood

Table 2. Examples of tdkic chemicals for analysis in blood
and urine after exposure

Table 3. Sensitivity and specificity of biomarkers in molec-
ular dosimetry of environment carcinogens

Toxic Chemicals Chemicals for Analysis

Exposed
Benzene Benzene(B), Phenol(U)
Benzo(a)pyrene BP-OH, BP-(OH),, BP-(OH),, BP-(OH),,
(BP) BP-Q, BPDE , etc. (B).
Dieldrin Dieldrin(B)
Cd Cd(B)
Nitrobenzene Methemoglobin(B), p-nitrophenol(U)
Styrene Styrene(B), mandelic acid(U)
TCDD TCDD(U, B)
Toluene Toluene(B), hippuric acid(U)

% (B): blood, (U): urine, BP-Q: BP-quinone.

Ik a1, 22 F 4 2 Golut kol A2 BPE
Az&striat gA] ¢7] o)t k], Biomarkerd] Al
#Z} ol = Biomarker®] ut7}717} 2238 factorr} g}l BP &
% VN4 Feoll= hemoglobing} 3~47)4 9] HFFrE o]
45} BP-globin adduct® ZX3sl= 7io] HAE Ao}
(Lee and Santella, 1988).

Trichloroethylene(TCE)el| % 7% = thrlAol we}
HEE717) 508 A Apolrh glon g, oH HAMAE AY

8] ZAalrke o9 F23lch (Table 1). £, 259
W74 54348 YA 33 of A ZolA S eharhel
we} Baslol & S0 Ta0) e S S

£ Aol Fdo A Styrene EWE A4
ZA o} st o4& mandelic acid S

Styreneol| =%
sle{™ Styrene S 5

22 g]oF gk} (Table 2). BPL] #$-= ol2] £5-<] BPA}
A7} ARz g ZA A 7 sensitivity 7} E-& A

Ad=ajof & 7ot

Biomarker2| 3&

Biomarker®] 1A 2uE]g]d|¢] $~8-2 Biomarker®] Al
Ao we} chepsher. el olal 2 27 a4 Aol
aleid] Folurie o™ st EAe] AW eF= it
2 sHalske 2o] MY Fasitn st %, ddelt

High
DNA adducts
Protein adducts
Unchanged or Metabolized Carcinogens

Intermediate
Urinary amino compounds (Aromatic amines)
Methemoglobin (Aromatic amine)
Low
Chromosome aberration
HGPRT in lymphocytes
Mutagenicity in urine

Blomarker—— /‘iE’JS]-Or] B10marker-4 5 xFukake] A
HIAE aEEte] 4SS "ot ASel webs 2 F
) Aduie] A EA FRete] FA BAASE o]
f3}o] eEake A 5 ko)W T 5, 1995).

o} ] Exposure Biomarker$} Effective Biomarker% ¢
BiomarkerZ Al®slvbr £ Qx|
markerZo| A= o]W Biomarkers éie_u,zf}_‘:_l/]:i A7}
Hh(Lee and Lee, 1997; Kim and Lee, 1997).

thee 37 BEAEAY] w33 Ao A sl
cpehd 4= 9l AE S w-gel Hrlolck. o] 45, BED,
Early Dlseasei H71& 4 9= BiomarkerE &3 s}e] ¢
Tk} WehEAle] 79 BEDe = #9HE4 -DNA, -RNA
2 gl adduct} o]-4-% 22 912, Lipid adductE 32
Wk Z=o) ¢jt}. Early Disease 74-% Oncoprotein P213}
Chromosome lossZ Biomarker= #-8-3 4= 9]t}

Biomarker2] X1} ol| &= sensitivity 9} specificity &
# ok &t} (Lee et al, 1991; Santella et al., 1991a; San-
tella et al., 1991b). Table 3¢ L}d =] o] 9J5o]| sensitivity<}
specificity7} 7} 928+ Biomarkeri= DNA adduct, pro-

, Exposure Bio-
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Fig. 3. Chromosomal aberration of mouse spleen cells treated
with benzo(a)pyrene. Compounds were added in 20 ul anhy-
drous DMSO to monolayer cultures of 2x 10° cells growing
in 5 ml of medium. Cell cultures were initiated 24 h before
treatment and were exposed to benzo(a)pyrene. Cytotoxicity
was determined by counting the number of chromosomally a-
berrated cells of 100 or more.
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Fig. 4. Dose-related adduct formation of modified calf
thymus DNA and BSA with BPDE-I in vitro. Calf thymus
DNA and BSA were incubated for 2 h at 37°C in dark with
BPDE-I delivered in tetrahydrofuran at final concentration
from 0.106 to 9.760 nmol. Each point was expressed as
mean+SD of three experiments. Statistically significant with
P<0.005 (F test). The symbols indicate BPDE-I-DNA (m)
and BPDE-I-BSA (®).

tein adduct 28] 7 AN N, xypie] &4 gz s F
<+ 9021 (Choi et al., 1996b; Lee er al., 1998c), sensitivity
9} specificity7} 7}4F W2 Biomarkert 344 o)Ak, H2Z
Foll412] HGPRT(hypoxanthine guanine phosphoribosyl
transferase)®] 24, 18] 3. ko4 WoldAS SAs= A
ojt}. 2}, kollA wle|l S EA s i% =% o

Table 4. Biological samples for measuring biomarkers

Blood Milk Sputum
Expired Air Placenta Tissues
Fingernails Saliva Urine
Hair Semen etc.

g 7}oll )l A Biomarkers] -4 99

Table 5. Factors affecting biomarker selection

Accuracy

Cost

Half-life

Measurement Method : easy, practical, rapid, simple,
reproducible.

Sensitivity

Specificity

Stability

74A] et opel, AlY Aol TS FE o F
F.9] false positive Y false negatived -3 < 3l+= ar-
tificial factor7]— ZAste g dAake] AT gt

w3l b= ulAdE s dEo Hlo] SeholmE Aue) D}

F8 Blomarkerﬁ} A AA) gled 1 S EE F
olsich, AT ARG woITE] FUAE o] 43
22 4] BiomarkerZ A48} d]o glolA] Aty &
A ¢.2}7} c}E Biomarkerol] v]s} ¥ =w, £3F 913
s}e] FAAE w3 sensitivity7} oA =] specificity =
Jr}, wiwd, DNA adducti} protein adducte Bi-$- -$-<35H|
H7 s Qlck(Fig. 3, 4). &, A oAk A A=
BP0 o) 10014 Z713he) whel 34 izl vis) 0.
3~1] Aze] A o]afo] AEelr] el %‘l°‘4(“ﬁ°
E7}8}4) Z7}), DNAY Protein adduct®] 73-$-= BPH
ko] 34 2718w adductZFE o] 3ul4 2‘—7}%{‘4 a}
E}k} DNA 2 Protein-adduct 3 A3} ol 22 wEakulo]

AR BepikeFAlo] ol e B4 5 glok,

w}H;ﬂ oz tﬂ-o}fz] oﬂ r2E 73 HLOLEZI oﬂ q.]a]. a‘]—
A7} WA= Exposure BiomarkerZ #-£4 % gt}
(Lee and Strickland, 1993).

BiomarkerZ o] &35t 9ls)A] ool gloj] Al8e gH
7} Z83 FAlolH, AA| o] 4rHsdt AR FFelE o
717017 Ith(Table 4). Teluh, Foiuch A 2e) Aeln
&7 Biomarker®] AHZAL FE3| seiEleop I}

rlm

—

(Table 5).

Biomarker@| olzf o7 &8t

Biomarker?] ¥HAA-& A =3t BiomarkerS g A ¥4
& AeFslite]] =e{glch. DNA adducte] £AWRE &)
t]e} 5 *P-Postlabelling, ELISA, HPLCE o]-4g 1t
Fluorescence ©]4-8+ Spectrophotometry®by %)
o, 2 Zpzke] whel] A - el Qlot

ng_}gmq QA ZUE S uhe Bl A A&

d, AAA, 2]z Ame] Al Aol Eesict.
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100 o]

7 wWEgEejol Fcl koew sledt whE/pES po-
lymerase chain reaction (PCR}S- ©]-83F #bH o] -8 A

Al 2% A ZEW mutational frequency & ARE3H
43} whgo] sitelcid, BiomarkerE o] £-a whekel sl A
okg = 91& Zloloh

=
=
KT
=

Hrl o= gt A ol = :
4 B
374 1 914 3lA Ho)ol )4l Biomarkerd] 7Rz}

S8t A EYEF 9] A S was Pat ohel,
3} 7|eA el oA 11 FoAo] ZA ks s 9t
upeba, &7 2 Sl HrE AEA R ) HslAe
37 welEAe] 3o w2 Biomarker? database’} A|
Als}E]ojo} 3}9, Biomarker®AlH-& #3shw /ggi}g}
o, BiomarkerE- ©|-83 91814 By 714-& Fule]
A& whE Al el F5aljof ik,

w3k, A&3 theksl Biomarker?] 7Nk Biomarkere] A
7] (qualitative), ¥4 (quantitative) 2418 2Z2]7] <= 9]
= Y 71E o] 3 ekEAY kFel wE QA
ek A 7 R el 24 719 4 9l& Aeletk

2ol 2

& A7 el TRk 67 BA71E A
A9 dge s s glom ofe ZRAt=giyct.
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