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Abstract (J. Kor. Oral Maxillofac. Surg. 2008;34:509-517)
THE EFFECT OF GENETIC VARIATION IN THE DNA BASE REPAIR GENES ON

THE RISK OF HEAD AND NECK CANCER

Jung-Hwan Oh, Byung-Wook Yoon, Byung-Jun Choi
Department of Oral and Maxillofacial Surgery, School of Dentistry, Kyung-Hee University

DNA damage accumulates in cells as a result of exposure to exogenous agents such as benzopyrene, cigarette smoke, ultraviolet light, X-ray, and
endogenous chemicals including reactive oxygen species produced from normal metabolic byproducts. DNA damage can also occur during aberrant
DNA processing reactions such as DNA replication, recombination, and repair. The major of DNA damage affects the primary structure of the double
helix; that is, the bases are chemically modified. These modification can disrupt the molecules regular helical structure by introducing non-native
chemical bonds or bulky adducts that do not fit in the standard double helix.

DNA repair genes and proteins scan the globa genome to detect and remove DNA damage and damage to single nucleotides. Direct reversa of
DNA damage, base excision repair, double strand break. DNA repair are known relevant DNA repair mechanisms. Four different mechanisms are dis-
tinguished within excision repair: direct reversal, base excision repair, nucleotide excision repair, and mismatch repair.

Genetic variation in DNA repair genes can modulate DNA repair capacity and alter cancer risk. The instability of a cell to properly regulate its pro-
liferation in the presence of DNA damage increase risk of gene mutation and carcinogenesis.

This article aimed to review mechanism of excision repair and to understand the relationship between genetic variation of excision repair genes and

head and neck cancer.
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Fig. 1. Types of DNA damages and their repair pathways.
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Fig. 2. Schematic representation of base-excision repair (by Ide H and Kotera M)
© Most DNA glycosylases involved in the repair of oxidative base damage have an associated AP lyase activity
and catalyze either f-elimination of the 38 phosphodiester bond or 8, d -elimination of the 3 and 5 phosphodi-

ester bonds. These enzymes are called bifunctional DNA glycosylases (i.e.,

N-glycosylase/AP lyase). Another

class of DNA glycosylases has no associated AP lyase activity and is called monofunctional DNA glycosylases

(i.e., N-glycosylase alone).
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Fig. 3. Schematic representation of nucleotide-excision repair (by Leibeling D, et al)® : At first,
the DNA damage is recognized (), then demarcated (II), followed by strand incision at both
sides of the DNA lesion (lll). After that the DNA lesion containing oligonucleotide is removed
(IV) and the gap is filled with a newly synthesized oligonucleotide using the complementary

strand as a template (V).
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Table 1. MMR Components and Their Functions
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MutSetE = MutSBe}t RPAS] ) stoll A 5° whake] A e 2
o= Atsitt. PCNASE RFCell o] ate] €4 8t = Mutla <ll
TR oAzt Y Wk deS F10ght

RPA= MMRE] 2 E tHA o] #+ed a}=d] MutSa &} MutLa 2

of Hol] PYAH °l ST 559 DNA Agsty, Zxd 2%

o o3 fFrd ATs Fsa, Aot 93t YA
sDNA 9] %D&% B 5517, DNA A T‘M% Sdia= o

DNA #2714 = DNA o] FAlE S w8l atal, The a4
THOZRE Jolgl= dUAE B E HE T DNA T3
F 2 00 23] DNA 7 gHAd o] o] 0)%] 7 DNA 2| 7}4] Id]] 2]
3l A4 tHFg. 4).

=

43 FEFLD AXE MMR FEAL

MMRZ ¥ & 2h kA 2] Blo] o] WL & o] 3 571 mfe]
B3 £ (microsatdlite ingability, MS)2- o}7] 3t} 2
2 MMR f-3 7 ol 484 mEY3 2% sH(hereditary
nonpolyposis colorecta cancers, HNPCC) 2HA8 g ¢lo] = +=d], &=
FoIA FHAAR FFEE MuSeh MUt 524 71§41
do st A o wlojo Fe] 71oskE A E S A ATk
Wang 5392 hMLHlIJr hMSH29] = 2 2 ] | g 3}, A& o,
FAA B 5 2Abete] F fuRe] BEA st FAR
A9 M £ B ol 2 JFE pAA FETL SAAA
ut Cadrilli 52 hMSH2, hMLH1, hMSH3, hPMS1, hPMS2,
GTBPhMSH6 5 6711 ] MMR 71 2o} BFel 41 £-Fe] g of]
gk Aol A A gl mls) o F gl A hMSH2,
hMLHLe) whado] ¢4 QA Z7h4k Wb, Warthin 2 oFol] A

E. coli Human Function
MutS hMutSa (MSH2-M SH6) DNA mismatch/damage recognition
hMutS8 (MSH2-MSH3)
MutL hMutLe (MLH1-PMS2) Molecular matchmaker;endonucl ease termination of
mismatch-provoked excision
hMutLB (MLH1-PMS1)
hMutLy (MLH1-MLH?3)
MutH ? Strand discrimination
UvrD ? DNA helicase
Exol, Exoll, ExoX, RecJ Exal DNA excision; mismatch excision
Pol I11 holoenzyme Pol & DNA re-synthesis
PCNA Initiation of MMR, DNA re-synthesis
SSB RPA ssDNA binding/protection:stimulating mismatch excision;
termination of DNA excison:promoting DNA resynthesis
HMGB1 Mismatch-provoked excision
RFC PCNA loading;3' nick-directed repair;activation of MutLaendonuclease
DNA Ligase DNA ligasel Nick ligation
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Fig. 4. Scheme for 3" directed eukaryotic MMR. (by Hsieh P and Yamane K)**

© Recognition of a mismatch by MutSa (MSH2-MSH6) or MutSb (MSH2-MSH3, not
shown) and MutLa (MLH1-PMS2) results in the formation of a ternary complex whose
protein-protein and protein-DNA interactions are modulated by ATP/ADP cofactors bound
by MutSa and MutLa (indicated by *). PCNA may play an important role in the recruitment
of MMR proteins to the vicinity of the replication fork via a PIP motif on MSH6 and MSH3.
Nicking by the endonuclease function of PMS2 stimulated by ATP, PCNA, and RFC and
relevant protein-protein interactions (indicated by arrow) may establish strand discrimina-
tion targeting repair to the newly synthesized strand. Excision by EXO1 and possibly other
as yet unidentified exonucleases leads to the formation of an RPA-coated single-strand
gap. Resynthesis by replicative pol ¢ and ligation restore the integrity of the duplex.
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