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3 A& 71 9
A2 Agyolt), o] F&FS MLHI1, MSH2, MSH6, PMS1, PMS2 59| nlx
) 2] 422] FdAH(mismatch repair gene)?] ©] &7 A (heterozygous) Ho]7}
Aololzl dHA bt = Yo ey o] FE7kx| we 569 $kxt
T A T3 gAEE 1199 A= #d gle dAES gd o= MLHL
¥ MSHZ ##xE Atk 1 27 5¥ollA MLH1olW MSH2 -f7% Aol
ol 7} WAl a, o] F 270 MLHIoIA S ezl Wo|gth: d& 109 2H4)
(deletion)¢} 51 Wol(V384D). YA A & fhajolx A= Wo|7l HAy
ATH MLHI191A 9 F3(937_942dupGAAGTT); <<=, 8, 9, 109 2HAl; MLH1
oA el FwWol(F296D)¥ MSH2eA thEA m2Adlx Wo](D295G, KB8O08E,
Q855P, 1884T).

Abstract

Hereditary non—-polyposis colorectal cancer (HNPCC) is an autosomal
dominant syndrome characterized by predisposition to early-onset
cancers. HNPCC 1is caused by heterozygous loss—of-function mutations
within the mismatch repair genes MLHI, MSHZ, MSH6, PMSI1, and PMSZ.
We genotyped the MLHI and MSHZ genes in patients suffering from
Lynch syndrome and in 11 unrelated patients who were diagnosed with
colorectal cancer and had subsequently undergone surgery. Five Lynch
syndrome patients carried germline mutations in MLHI or MSHZ. Two of
these were identified as known mutations in MLHI: deletion of exon 10
and a point mutation(V384D). The remaining three patients exhibited
novel mutations:a duplication (937_942dupGAAGTT) in MLHI deletion of
exons 8, 9, and 10; and a point mutation in MLHI (F3961) combined with
multiple missense mutations in MSHZ (D295G, K8O8E, Q855P, and I884T).
The findings underline the importance of efficient pre—screening of

COI’ISDiCUOUS cases.
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17} 71" microsatellite instability(MSD 7} 2HA3Fe] ofo] wkAd
e Ao] 7H A A W Aotk
AAR R BE g 274d2 mid 1,023,162 14 #H3t(3), 1 F &
A FEAL 30,700 AEE AA] 3% AEE AFA] 3t} Hampel et al.o] A
T F 15667 3 AGd Ao A 447 UX] T FAUIL o=
b

N4 A9 35W Fol 19 B2 @A S3o] AnETh Ao thA),

198594 Lynch® Familial Adenomatous Polyposis(FAP)®} Hlusle] &7
Hl &FFo] gl G Fd4 a%les AxeAA FHAd ¥ETA
g 274 (Hereditary nonpolyposis colorectal cancer, HNPCC)o|gt= 89
S AFgem ARl I F 9y AREHEATH1,5,6). 198419 Boland %t
Troncale®] A&2o2 ‘@A T (Lynch syndrome, LS)o|2t= &5 AF3
RIAL(T7) o] Fool=H EEHogkTh

T2 HNPCCebe= &ojoll dialA] £AI7F dthar A A7) Al&fstar f1] Z
FwolgteE o5 AASt7] AlASETH). HI&F A old Ho] mbx] o] ZH ol
© &Fo] BAsA R Kol 28 F oA B A AdFFlTe] FAPS &2
o] thm THsh= &Fo] gle ¥ &F WA Vs

(9). gL ;A FFLAAAM = A W 2%, 3 T W 9 oy 7
olxe] o f1@dde] SiE=tl HNPCCel= 8ol ol& vbgdshA] Xdrh. =

3k o] 8o]x= Amsterdam Criteria(AC)S FFA17]= ¥ Mismatch Repair

Collection @ jeju



ol MMR 2] girka BHPrk®). elste] ACE F53He AREE T 7)

o wom wpdop grta FASGEH, e ANV Ve FFwe 9
4% 7HA1 MMR Zfto] B8l el E thE sty MMR Aste] %s
AA & ol AAte] B "9 SFETolghs &olE AMEsta FAbe] 4

2 “familial colorectal cancer type X'#}= 80| 2 A3 THQ).

SRR R

1931 Warthine #1¢F 2 Ag ¢t 5= &6ksk ofd A3 27 ol &
x3l 7ES WAdte] 'Family Gf & HWHEYTH10)22. 196639 Lynch:e
Warthino] #7438 'Family G'9F &9 F-/4do] v-$- Bl 2719 71=5& &3}
RaL o]F Ztzf Family N3 Mo g2 WHstrh(11). o3k A& vk 7F

=
o

£5o] 1 F @o] HAHAL AFAELS o5 dFH EAS ;xe Eo] 7
SSFATHEE 1. Fx).

1991l HNPCCE I eHsl7] 91ske] Amsterdam Criteria(AC)Z E&-$-+= %
@ 7l FolE =& u(12). 2 F i 9 Fdel gk JdS Hoksy]
#3teo] Amsterdam Criteria II(AC-ID7F A S A 31(13) o]ojA] 7] HARS ¥
olof sl A o] HAHS ¢3}e] Bethesda Guidlineo] #|74 =tk
(14).

719l "ubiquitous somatic mutations in simple repeated sequences"(17) E+=
“replication error"(18) S22 &t} A+ microstatellite instablity(MSI) =
=W MSIi= DNA A4 7 4 7|5 DNA &4 5 HE 7]Gsol Aol
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A BAEG A o] 5 AT o] 2 Tk 3 Tk GAA| A dA] T
TS WWAZIE MSH29 MLH1# e fd45 23s7]e oled. o&
- A= DNA mismatch errorE QIA|stal 3t 7S 7k d@wdd o

3 AHE 7Fxa QrH(19-22). I 3 MSH6(23), PMS2(24) 59 mismatch
repair(MMR) 428 o 2dstA Ho).
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AC-| 24)
» At least three relatives with histologically verified colorectal cancer:
1. One is a first-degree relative of the other two;
2. At least two successive generations affected;
3. At least one of the relatives with colorectal cancer diagnosed at <50 years of age;
4, Familial adenomatous polyposis (FAP) has been excluded.

AC-1l (25)
o At least three relatives with an hereditary nonpolyposis colorectal cancer (HNPCC)-associated cancer [colorectal cancer,
endometrial, stomach, ovary, urster/renal pelvis, brain, small bowel, hepatobiliary tract, and skin (sebaceous tumors)):
1. One is a first-degree relative of the other two;
2. At least two successive generations affected,
3. At least one of the syndrome-associated cancers should be diagnosed at <50 years of age;
4. FAP should be excluded in any colorectal cancer cases;
5. Tumors should be verified whenever possible.

Bethesda Guidslines for testing of colorectal tumors for microsatellite instability (MSI) (145)

1. Colorectal cancer diagnosed in a patient who is <50 years of age.

2. Presence of synchronous or metachronous colorectal, or other syndrome-associated tumors® regardiess of age.

3. Colorectal cancer with microsatellite instability-high (MSI-H)® histology® diagnosed in a patient who is <60 years
of age®.

4, Cologrec‘[a\ cancer or syndrome-associated tumor® diagnosed under age 50 years in at least one first-degree
relative®.

5. Colorectal cancer or syndrome-associated tumor® diagnosed at any age In two first- or second-degree relatives®.

&Syndrome-associated tumors include colorectal, endometrial, stomach, ovarian, pancreas, ureter or renal pelvis, biliary tract, and
brain (usually glicblastoma as seen in Turcot syndrome) tumers, sebaceous gland adenomas and keratoacanthomas in Muir-Torre
syndrome, and carcinoma of the small bowel.

EMSI-H = microsatellite instability-high in tumors refeers to changes in two or more of the five National Cancer Institute-recommended
panels of microsatellite markers.

“Presence of tumor infiltrating lymphocytes, Crohn disease-like lymphocytic reaction, mucinous/signet-ring differentiation, or medullary
growth pattemn.

“There was no consensus among the Workshop participants on whether to include the age criteria in guideline 3 above; participants
voted to keep <60 years of age in the guidelines.

#(Criteria 4 and 5 have been reworded to clarify the Revised Bethesda Guidelines.

H1. Amsterdam Criteria | and Il (AC-I and Il) and Bethesda Guidelines (From HT lynch, PM
lynch, SJ Lanspa, CL Snyder, JF Lynch, CR Boland, Review of the Lynch syndrome: history,
molecular genetics, screening, differential diagnosis, and medicolegal ramifications, Clin Genet.
2009 July; 76(1): 1-18. DOI:10.1111)
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v Awz] 8 (MISMATCH REPAIR, MMR)

DNAE HHl, A, oA, BAbs 5o 259 gstedo|; a4l 84=
e Egwten =3 AW dAbEQ] At #HE ol YR & =
gt olzlg aQls ¢ldl DNA tiAt#g o]y DNA 5A4, xS, 4 59 A
2] Bl e QF = Q18] DNA £4bo] of7|H 7% s=d o]

Eu A3 AR WolE fEste] Alx FAS WIATIAY ZES s
L= 3t 53] 4717F &% AA o) AqA 7] mismatch7b 83 7Sl o
g3 o 75 WA &M AAld= o 7HA] 71 o7 WA B A o
gs o= WAEel AT o] T ZHE FasHA A4AX= Zo] DNA
mismatch repair(e]st MMR) #+= #A4o]tf. MMRS DNA £4F Hk-2of F Q3
HeS ot AA S AE B Hal, Wo] S
M o] AR oA 3k, Bkgl& MMR 3o EA417F RS e 245 23
R gkl B & = Qv ouleol, 8¢ Fo A HA] SIS £
g A SF B ofuEl vhekek APEA Stel Fo UHow AFHI A
(25-27) o] HAFL A5ol E. colid] AFE FaA Wol IHATE At

MMR #4 7 ##Ess G0 B ocoligh A 715S Fass 457 297t

dx T FHo] A AAAE T2 FHAE mutl homolog
1(MLH1), mutS homolog 2(MSH2), postmeiotic segregateion increased
1(PMS1), mutS homolog 6(MSH6), mutl. homolog 3(MLH3) GS°l ¢l
(28,29). °]E< heterodimerE ©]F¢] E. coli®] mutS®} mutH$} H]5=gh S
S F33ste] homologet HWHATE °]& & MLH1¥% MSH29| germline %]
7F AA AR S5 47 50%, 40% AER HEES Aol YA gene
o] Wol7t 10% A% AFA| sk TtH30).

MLH1 gene(MIM#120436)2 A A] 3p219] 57.36Kb % 19HA exonol <
Aot @A7FA A A =F #EgE 25099709 gene Wol7t & A ot

MLH1 ®WoJol 9]t Ho] 714 @il T3k o AZXTH31). MLH1 Wo]e] #+3
of Wolo w JFGdS XgHE2 Aol7t JvE A7 =, Sy 79
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A= o] =AY dEH} = TS ofrof FTEe Hepd SolA= W

ol W 9 WP EC] e o2 HuHJTK32,33). MLH1 ¥l tjii

missense, nonsense, frameshift, splice junction ¥W©]tH33). nonsense ¥

= 97] Agew FAIEC] wEojA] wWHE FAdo] b

missense ¥ol= @7] X gho] Hu A HAAF L AL P EHo] TE ofu| 4t

o] A H& AL oustt). it ¥WolE nonsenselt frameshift ¥ o] kA
o=

3] E7|= Aol

Aoz EQorAdst dulA S wh=7] vk Missense ¥o] HES mRNA Y o
WS EQtAetA wrE g 7he] AeA8-S Wl $UH(34).

MSH2 gene(MIM#120435)2 414 2p162] 80.10Kb % 16W4 exondl 9
A gkt MSH2 ®o]&= MLH1 ®Wol¢t t&o] dA F5uo thrh4E 2FA| &t
MLH6 gene(MIM#600678)> @23 2p15¢] 1084 exonel 9%t} MLH6
T 2o A9 MAFA AR S5 S5 Ao dHA Qdrt o] v

wrh gtk $ek(35-39).

PMS1(MIM#600258)2 PMS2(MIM#600259) gene< Z}7} GAA] 2q31-33%}
7p2229] 16Kbe} 15WHA exonell #1A|stal ©o]& gened Wol= WA X S5
T 3 F 5% AEE AATTHA0). PMS2 gene> MMR #|Ald] F8% &
< FESAY dA TFae] WHoloRAE B Base] of WA vjHew
M =g oA 7 ATH40).

MMR #8& Aztetr] feiMs 4 59 7te3 5A4 7tHs TEskelof
gt} E. colidl A= 89 d(GATC) siteolli= adenine methylation®] o] 3]2
v, HA¥ = Zheol= methylation©] o A gtk ©]¥ hemi-methylation
BE7E 9 b 54 bes FESHA shal Al el 7= nick(FA1)
£ 43k MMR A4S AlESHA tH4D). 18y QIks
ol &= d(GATC) site®] hemi-methylation Z}7o] LA R grofa] EHxA| 71
A2 o] opx] AsHA dE A A vt Al HA Ao AAEHA A7
+ nicke] FHA| 7tgo = Q14 ®Hrial AZbE =6l leading strandol A=

B

it A4 Eu
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termini, lagging strandel| A4+ 3', 5' termini 27} nicke] ¥ i MMR ¥4 o]

1
=

nick®] © & lagging strandolA] &Aoo R dojut v AL ol HiuHkx
3 ZA7E Boh42).

E. colixr MutS¢ MutLe] homo-oligomer? JEj= E2jste] MutS+=
mismatchE 243} 7]5S 3l MutlS mismatch7} @A3E $IX|714] f=
st s sk, MutL2 L o|F A AT = s Frh42-44). ®F
W AN = & el MutS7F heterodimerg o] FHA ZEoh=d
MSH2-MSH6 538tAl&= MutSagl kil MSH2-MSH3 53HA= MutSgel sttt
(44). AA7LA] 67FA MutS homologue”} Br&d % thH(43).

MSH2-MSH6 34191 MutSa™ MSH29| AXE Fe] 5 80-90%E A3},
T2 A71-9719 Adoly AAlel 9§ mismatch®t BA|AAA] 52 1-2709]
nucleotide & QAo of B2 2HAl, A4S A4 5 TH45).
MSH2-MSH3 H A%l MutSB 2-871°] th<=2] nucleotideol thak 4F<1, 244l

g adstm FAsE 9B Ak AFATNM WA FFEA Auye W

2

A A= Bl A wk, o= ZFoko| 4] MSH39 A|AM¥E Hol7t wids] whAw
2354 3l= b2 MMR gene?| WHolE F7FA71tH46,47).
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E. coli Human Function

(MutS ), hMutSa (MSH2-MSH6)* DNA mismatch/damage recognition
hMutSp (MSH2-MSH3)
(MutL), hMutLo (MLH1-PMS2)* Molecular matchmaker; endonuclease, termination of

mismatch-provoked excision
hMutLf (MLHI-PMS1)
hMutLy (MLH1-MLH3)

MutH 7t Strand discrimination

UviD 2 DNA helicase

Exol, ExoVII, ExoX, Recl Exol DNA excision; mismatch excision

Pol 11T holoenzyme Pol & DNA re-synthesis
PCNA Initiation of MMR, DNA re-synthesis

SSB RPA ssDNA binding/protection; stimulating mismatch excision;

termination of DNA excision; promoting DNA resynthesis

HMGBI Mismatch-provoked excision
RFC PCNA loading; 3' nick-directed repair; activation of

MutLa endonuclease

DNA Ligase DNA ligase | Nick ligation
“Major components in cells.
"Not yet identified.

%2. E. colig} 19} A8 715 S sl= A9 MMR gene® 7]%(adapted from Mechanisms and
functions of DNA mismatch repair, Guo-Min Li, Cell Research (2008) 18:85-98. doi:
10.1038/cr.2007.115; published online 24 December 2007)
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MSHE =73 #x]ojzl DNAXTF mismatchel] 10#]e]A 15008 7}#] =&
binding affinityE *UY™, mismatch® @A7]e] FFol wek affinity”} o],
7} &3l G-T mismatch®t 3tue] A%, 2HAlo 71 =& affinityE 7FA| M
714 = C-C mismatchol] 7Fg w2 affinityS A UtH48,49). AF&he] MutS
gl B ocoli®t PRRH7FA| 2 5709 domainl® A ¥ a2 PCNA(proliferating
cellular nuclear antigen)®} 285 3= H¢9]& 73 N-terminal region®] &
Agel(zd 1), 13 4 domaine DNA°]l Zgstx 5¥ domaine
dimerization interface®} nucleotide-binding siteE 7}A]32 At}. DNAL}F ZA3gt
3= 1, 4" domain® nucleotide-binding siteE A4 5 domaine Hel @
oA oy 3¥ domaines FalA AZA ] ATHE0).

,
A AtH51-54). MLH1S PMS2, PMS1, MLH3$} heterodimerZ ©]¥ ztz}
MutLa, MutLB, MutLy HgA& FA3H55). MutLa= MMRe] T3 43
S 3t MutLye 7 w48dd 98& st ofA 744 MutL@e] S
1THG5). MutLat ATPase 7]s+ 7FAaL 9low o] 7|5 Agte] 474 <
b Mo A MMR Aol Zhs %A g+t MutLa®l T27]%52 mismatchol

93t Atk(mismatch-provoked excision)®] 85 ZA 3= Ao th(56).

rlo
o
o
o
>,

TSk 3° nick WEe] MMRO +83 935 31 PCNAQ} replication factor
C(RFC)9 <93 &3} ¥ += endonuclease 9&S 3= Hoz L4y Adrt
(57).

PCNAT MSH2<¢} MLH1¢} 4% 283le] MMRE 71A19F DNA A 24
o 9L = Aoz dHAJTHE8,59). E3 MutSaet MutSRE M= FA =
DNA®] mispairg Ztol7be A& &9 vkl 214 JvH60,61). PCNAE 3
nick W& MMRelE Z4# oA vt 5 nick W&ol MMRAl &= Z4Hojx] = o
tH62). °l= EXO19 7lsg A¥EW dwrissith. EXOle 53
exonuclease©] 5' 3° nick W& MMRO| X% #ojslar PCNASE vlz7bA| =
MSH2¢ MLH1¥% & 282 3TH63-68). EXOl2 3 WIFozm ZHA
(excision)E 3}7] wio] MutSayt MutSBe} RPAS] E=gwto & &R A 5' nick
e MMRS Ag & 4 2oy 3 nick & MMR Ad 9siAE MutLa

ol

Collection @ jeju



endonuclease’} 8], o] oA AT Xl PCNASH RFCel| o3 &4}
B}(57,69). o] Aol mE 3 nick WaFe] MMR #4& A#HW 3 nick
¥} mismatchE <1213l MutLa’} PCNAS} RFC2] =% © 2 mismatchZ5-F
5 %< Hd(incision) S @l 18]¥W EXOle] MutLaZl daet A HHH 5—

3 Weko 7 AA|E dFo] mismatch = A7 o2y 3).
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13 1. Structures of bacterialMutS andmodel formismatch recognition. (a) Structure of Tag
MutS homodimer comprised of fve domains that form an upper and lower channel. (b)
Structure of Tag MutS containing kinked DNA (blue) with a one—base IDL mismatch, i.e., an
extra T (red) bound to the lower channel.
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MMR#AGl| Frojshs the P48 AEZE single strand DNA(ssDNA)o| A7}
3l+= RPA, RFC, high mobility group box 1 protein(HMGB1), DNA pol § &
o] 9l RPA= DNA nickel Agste] HAE Fsta dAl Ao A7)
ssDNA®] swE w9 Hoste= 7[eS okal, DNA AFAS FIAIH
(69,70-72). RPAE pol &7F HAl Fo] ssDNA zulo] =3
phosphorylation ¥ +=H] phophorylation ¥ RPAT DNA<%}9] affinity7} Ho{ %l
t}. phosphorylation¥ 7] ¢ RPA= DNA AAES ¢ a8 o= ZZA]7]a
phosphorylation ¥ RPAT DNA AT S ¢ 85402 A7, (72).
MMR® #74 T mismatch F-¢l¢t 2ol FAH= FE HEHIT 5 3l
nick¥¢] A7k A5l "Holxd=dl olEe] ofEA H5 FE sh=Aol v
M= obz] gdshA Al AS AL " 7EH| Bdo] gt

A WA Z A H AL "stationary' EECIH], o] MMRO| #oldt=
DNAE FH-27AY Hobd F 9= 7ol 2ol Zeolv. olwf MSH+
mismatch F9]o] MEg] do} oA ATPase 28 2= mismatchE 2
I o AA RS FEFT(T3,7HCEE 2.

¥ b= "moving' EROlE EE]Ed o] MSH-MLH 5347} nicks 3to}
mismatch F-2]o|AF-E o]Fsle] A2
M3 oltt. o] 'moving' EdoE T thA] F 71X 7bs3k Bdo] gl e

‘translocation’ E€lo]a1, T &} 'sliding clamp' R4 o]t}

aly

rﬂ
=
-

Jo
ro
ol
o

FSL‘

o, exonuclease’} AAE A gt} =
)

‘Tranlocation' =9& ATP7} MSH®} mismatche] ZAg affinityES ®ojry
ATP hydrolysis7} dojvbd MSHY: DNA helixE we} whbak o]Fo] dojut
U= Jdelvk(75). 2% A ste] nickel =9 & wjr}x] o]FstAl H il DNAE
MSH H3HAo #HlojAHA DNA 18lE FAdstA €t 'sliding clamp' R
A= MSHE ADPS} A3t FEl= mismatchol] 233k}, mismatchebe] A3t
o] MSH®| Tx¢] W3ls f+%=A1# ADP7} ATPZ WA 713 e e
ATP9} A3 MSH H3A= ol 57kt x4 (sliding clamp) FEI= o] x}4]
T2 WS doldth(76-79). oA W MSH &A= nicks HAT

7}A] o] &3l nicks stH AA7F Al ZE a1 MSHZF W mismatch -9 9]
© T & MSH 5&A7F 23t Abge] MMR #7404 dlvbe] mismatch
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w o

0 MSH

Stationary or Trans

Moving or Cis

i l

| B, . & — m -
= 0o Ol — 0
ATP & MLH

- ATP g MLH
ADP+Pi 9 EXOf ro Y ADP+PiX J EXxot
=008 —0n
b
Q AT.P ABP
Translocation Molecular switch Stationary model
2%, 2 Models for signaling downstream MMR events following mismatch recognition. A
schematic diagram for signaling between the mismatch and the strand discrimination signal is
shown. Here, a 5" nick is the strand discrimination signal. Similar models apply for 3’
nick—directed MMR. The “stationary” or “trans” model (right) emphasizes that MutS or its
homolog (MSH) proteins remain bound at the mismatch. It is the protein—protein interactions
that induce DNA bending or looping that brings the two distant sites together. The two DNA
sites can cooperate in a “trans” configuration. In two “cis” or “moving” models, one called
the “translocation” model (left) and the other called the “molecular switch” or “sliding clamp”
model (middle), it is hypothesized that the MSH proteins bind to the mismatch and then move
away from the site to search for the strand discrimination signal. The translocation model
suggests that ATP hydrolysis drives unidirectional movement of the MSH proteins, resulting
in the formation of an a-like loop. In the molecular switch model (center), binding of an MSH
protein (in its ADP-bound state) to the mismatch triggers an ADP to ATP exchange that
promotes bi—directional sliding of the protein away from the mismatch, thereby emptying the
mismatch site for an incoming MSH protein. Mismatch excision begins when an MSH protein

reaches the strand break.
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Recognition
5 | - A

MSH2 MSH& PCNA

&
Nicking ATP — ADP + Pi

D =

-

i 227
Excision EXO1, RPA, 777 RPA

B — )

.

Ligation | '

2% 3. Cartoon scheme for 3'—directed eukaryotic MMR. 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 red *).
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 green arrow) may establish strand discrimination targeting
repair to the newly synthesized strand. MMR is bidirectional and can be 5—directed as
well; this is not shown. HMGB1, a nonhistone chromatin protein that bends DNA also
facilitates MMR in vitro at or before the excision step (not shown). 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. figure from DNA mismatch repair: Molecular mechanism, cancer,
and ageing by Peggy Hsieh and Kazuhiko Yamane)

Collection @ jeju



=
goldth80). 18y Ee B ARY dAE ddez MMR #+84 AAMS
A

she e wg BsHolA @ik 9N FEE BANAY Y AP 53
=
-1

) AR5 A B9 A (Microsatellite Instability, MSI) ZAA}

MSI AAR= MMR ®Wo| F%2 o538t7] fla AH&d A A HAgelt. A
Abe 57FA19] Es) Ha A ¥ microsatellite markerE ARg-gHh o] 37
9] dinucleotide WHEA|2} 27019 mononucleotide WHEAE o]-&3sto] g 234
°] DNASH F¥°| DNASH Hlamste] 27) o]delx Aolg HY w olE
MSI-high(MSI-IDZ &7t MSIZF |2 S5a FFe] 540130 ARt
MSI-HE A i A4 349 15%A FAEIL o] F 20-25% wro] &
A s¥eeR Agsa YA 75-80%= MLHL - 3%k
methylation—-induced silencing®l <J3] A= A MSIZ B RFEC
(81-83) = AA diFd A 2] 20% A== 5708 marker T 17] who]
U] sl=d o]& MSI-low(MSI-L)=Z W43ttt MSI-L2 MSI-H ¢ 3 4+
A, el d 540l fAekA 2o DNA MMR 3 xke] ®wolotk gagitt =
MSI-L2 &3] S5 Aoy st #A17F glvk. oli= MSH3 fd#ke] H|
HolAd  down regulationo] <3 Aoz AZETHB4). HIToE A=

microsatellite marker7} 7I|@% o] 3$FH]  pentaplex polymerase chain

Collection @ jeju



] 2] markerH.t} ¥

[e)
3
it

reaction(PCR)Z #2438 4 A Hom

],%'5‘
o T

U=z

1
s

glol stk MSI 2 A}

olvzl MSI-HZ #HF= 3% A

o)o
=1

1{]__

BH
EU

T
Z7F =01(85), 27]¢F 37]

d #+8

B

e A

—

A

o

a4 A (86) <

B!

—_
o

Gl

e

F27F s A4 MSI HARR 4

1
T

o] 4]

S —2

o7 ?:][/\O]—Z-] [e)

e

]

[e)

9o Aekals k.

1
s

2} wo] FIALR o]o] 7|

ojw o] & MSI AL E7}

FofoF

J|

3
pul

b,

Collection @ jeju



Autosomal dominant inheritance pattern seen for syndrome cancers in the family pedigree

Earlier average age of colorectal cancer (CHC) onset than in the general population
Average age of 45 years in LS vs 83 years in the general population

Proximal (right-sided) colonic cancer predilection
~70% of LS CRCs are proximal to the splenic flexure

Accelerated carcinogenesis (tiny adenomas can develop into carcinemas more quickly)
Within 2-3 years in LS vs 8-10 years in the general population

High risk of additional CRCs
26-30% of patients having surgery for a LS-associated CRC will have a second primary CRC within 10 years of
surgical resection if the surgery was less than a subtotal colectomy

Increased risk for malignancy at certain extracolonic sites (143, 144)

Endometrium (40-60% lifetime risk for female mutation carriers)

L]

o Ovary (12-15% lifetime risk for female mutation carriers)

o Stomach (higher risk in families indigenous to the Orient, reason unknown at this time)

» Small bowel

e Hepatobiliary tract

e Pancreas

o Upper uro-epithelial tract (transitional cell carcinoma of the ureter and renal pelvis), especially in males with

LS-MSH2 type (143)

Brain (in the Turcot's syndrome vatiant of the LS)

s Multiple sebaceous adenomas, sebaceous carcinomas, and keratoacanthomas in the Muir-Torre syndrome
variant of LS

Pathology of CRCs is more often poorly differentiated, with an excess of mucoid and signet-cell features, a Crohn's-like
reaction, and a signficant excess of tumor-infiltrating lymphocytes within the tumor

Increased survival from CRC

The sine gua non for diagnosis is the identification of a garmline mutation in a mismatch repair gene (WMLHT, MSH2,
MSHS6, or PMS2) that segregates in the family: i.e., members who carry the mutation show a much higher rate of
syndrome-related cancers than those who do not carry the mutation

H 3. Cardical features of Lynch syndrome (From HT lynch, PM lynch, SJ Lanspa, CL Snyder,
JF Lynch, CR Boland,

Review of the Lynch syndrome: history, molecular genetics, screening, differential diagnosis,
and medicolegal ramifications, Clin Genet. 2009 July; 76(1): 1-18. DOI:10.1111)
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H 9 %2 3 (Immunohistochemistry) ZAA}

MSI #HAFE wzet AARH o1z sk MSI-H % %5 20~25%9%°] DNA
MMR 32 Wolo} #aAro] Eo]Ho|x= gk AAtoltt, RIZEE] QoA %
AR DA FFF A 5% FEE AEIA i 535

KRy 86%5Yll =] 2= H23). 1] stod H o % 2] 8} s}

(Immunohistochemistry, IHC) A= MSIE H& 3+ 4= Qi)

i Y

=

gz Z35 32 JAES 9s MLHI1, MSH2, MSH6, PMS2 o9l 312 A
FolA e = o A oy WY W AfFLolA ALEEe] Rt} [HCO W
= 95% AE oAt #telr] FE ofuet AT Qo sHH WAt

Aastelor AEE A4S T 5 AATkEs).

N
N
H

X A=, ol fFHATE HolHol qEAY JTS Kot dulES A
714 THC A 4 & JeiA] @e AL onsit, weba] [HC A 4 MLH1
N ol 7t ofstAl @ H AL PMS2 WelZt 1S wii= MLHLS| w24l
2 ol ;s rofof 3o}, wEbd MLH @] 754 24 7]&o] A F
o] tH(89-91).
Lindor et al. o] =3gt g+ AFolA 818719 ©A] FFo- dxpe] T
% 2770= MSI-Ho|A % [HC AAtel A MLH13 MSH2¢] A= ATH4). 4
HA o7 [HCE F2 5°/%=(100%)E 7HAaL
7hz1 A8 AAbgoly THC @52 48 & A9 dF MSI-H €4S 32 -+
T JrH92). 5008 = MSI®F THCE Hlagh AFtoA [HCE AM HHoz 7
AL & o MSI®F A9 F5¢ MAEE MY g B oflg a7t o
FEstal Wolzk A7 54 fHAE Ztol W i e FHS 7HAAL ATH4)

4).

%
o
W

b
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IHC MSI Advantage

Cost Variable Variable Neither
Training to perform Necessary Necessary Neither
Analyte Protein DNA Neither
Laboratory Most pathology labs Need molecular lab IHC
No. tumor cells needed Very few required Need certain % depending IHC
on marker
Sample Tumor only Tumor and normal IHC
“Contamination™ by normal No Yes IHC
may interfere
Suggests mismatch repair gene involved Yes No IHC
Turnaround time Next day 2-7 days IHC
“Genetic” debate* Yes No MSI
Distinguishes MSI-H, MSI-L, MSS No (MSI-L and MSS Yes MSI (does not matter to identify
similar) Lynch, but may for prognosis)
Variable results because of Yes No MSI

tissue fixation

*We do not believe mismatch repair IHC represents genetic testing, but this has been argued by a small number of individuals.
IHC indicates immunohistochemistry; MSI, microsatellite instability; MSI-H, high-level MSI; MSI-L, low-level MSI.

I 4. Comparison of IHC for the Mismatch Repair Proteins and MSI| Testing (From Andrew M.
Bellizzi, MD and Wendy L. Frankel, MD, Colorectal Cancer Due to Deficiency in DNA Mismatch
Repair Function, A Review, Adv Anat Pathol. Volume 16, Number 6, November 2009)

Collection @ jeju



BRAF V600E ®o] AA}

MLH1 ©% 3 o] AAxo] QlopH MLHI promoter methylation ARG
BRAF V60OE &4 #HAFE sddk= Aol +8 & < Atk MLH1 promoter”}
methylationol] 9]3 wal ¥ & AAL2 dAX] FFaro] ofjE} A i A%
S oulste]l MLH1 4% 241 & F87F glojAd v a8 S99
A @EAolty, 18y promoter? methylation o5& # 3 A5+ A
BRAF #A4HT Bl 7[sHoz 35 8y oilg; =3 49 MLHI
promoter methylation ¥ YolE X FFFo=2 At

Ras/Faf/MAP kinase pathway?] €42 BRAF #3d#}e] Hol= thFsk <zt
TENA HAHE A i Agde] 15%04 EAAT95). dA| Il
obd A4 MSI-H %9 A% 75%4%E7F BRAF WolE 7kAal glon o|F
codon 60094 glutamic acid”} valine®. 2 X]3t%l % Wol]= o]2]3 BRAF W
ol¢] 95%% AHA8FaL(96) ©]E BRAF VG600E ®olgtal wWw sttt BRAF
V600OE ®olx= 3kxle] <Al MLH1 promoter methylationg Yo7]&=
missense Wo|E WAAA MLH1 @ile] £4dH Aoz 1= Zlolth, upehA
MLH1 ¥ A2¢] 9lojr] BRAF V60OE HAME at9lS o] dAdo= Ug 49
AbabA Fokel Jhs Aol wi$- 3 MLH1 A AAZMA = gitE dax &
=ttt A FHAE sequencing = AXRT H Wo] AAE st Aol AA

Astez vg G840 oA AFdETHIT).

N
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F4d Hx AE AAF Al f8AE aelste] MSI B} HC A
SI ZZei7h v Am Hdee d3s = & dvke

M
4 #2 S7s°] AEEd o] I dudFS vhEx EEval S gv(E

A A JAdd 2 diF G 3AE o= MMR IHC(MLHI,
MSH2, MSH6, PMS2) #HAME Aldgth. i o] 4719 ol 3ol 44
Aoz vehdh(eF 80%). A 7|7} 454 H| vt

7 e b A FYo] ' Y ®MA FFTY vf FolHl I 54
o] gl A-tole A7IM HAalzk F=2EH. 15~20%5 AFAst
A= MLH1Z PMS2 ©@e] Fub A4Qld, o] Z o= MLH1 promoter
hypermethylation 502 ©¥ AA=Z Avjnt Ugs B AA 7|50 o]4o]
i+ missense WolYd 7FsAdol =t old W wi= MLH1 Fdx #4& 8+
A B WA BRAF VE0OE Weo] AAb= AH¥S sk Zlo] ¢ HE &8
olt}. BRAF V600OE HAFeF MLH1 A @AlollA BF SR Ushs we
MLH1 methylation A} PMS2 F32F ZHANS 1y & 4

MSH6 ©@#o] Fut A4S w} MSH6, PMS2 wilo] o A% uf
= Zh7he] o EA418 AldstH Hrh(98)

A

F

Watson et al. 92 S5 gkapel A o 27der shake] Wrleh A=
o dste] wlasd e, 9X FFa SFxpwrelA ek BAl o W yU)E
AYar del7k @ wol AATH99). FA SHFL 2
2 Yolg HASY AEES A6 S W 9FE 0.67(p<0.0012)E # A

T Aol s AER] BT oY B AEEL AN FFiol
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riet
_>|i
N
in
)
(L
L
N,
y
)

o|\

Collection @ jeju



obd MSI F%olH%E YERI(100-102) oS AW ZAE ofzd7tx] 23
=

DNA MMR 7]%5°] A48 AEL alkylating AlE FAle} 7ol DNAC] &4
S AA AEste FEol AR AgE S e webA A S5 2
o] DNA MMR 3=t &4l = o A4 A A= cisplatino]
S5-fluorouracil(5-FU)¢} Z&& 3etAle] #pgo] st = 4 Uvh(103,104).
5-FUE o] &3 nx Aoy v dF 52 9ok nws A T2
AFel A diFEe] Aol A= o]5e] flrkal B3l a(105-108), 2719 37]
o] Rt A= AEEC] 2358 2~3u EoRRIt: Bk ItH109). webA ¥

Al S5 gAY A5 FHEe] MSI $% #HA= 5-FU

A =t

H

| 5 FAE ddoE g UAFAoR ME HAE g 3 AEE

= s s o2 HuyJqri110, 111). Lindor et. alol] w=w
20~25A4] Afolell AlZtate] 1~2d with i} WA|B o= FHAbsks As F3e
Thal 3FSith MLH6 ®Wo] #xe] - 3046 Al&sts RS Asth(112). o
S0l 71z3k9l=dl, Wit 4549 @2 v

AAE FIden,  70% A7 LEX(TS)  tiFd  ddsie

R PN —
sigmoidoscopy RE.T W WA HS HSTH113,114). Lot o] Aol g9l
HA ol g AAES s Aol duky ol
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_Huwiy diagnosed CRC: IHC for i

MLH1, MSH2, MSHB6, PMS2

B

Isolated absence Combined absence E':[n:;n::;g:‘;n;a All proteins
MSHSE or PM32, MSH2 and MSHS, 16.-20% b present, B0%,
2%, microsatellite %, microsatellite . atellllt i microsatellite
instability likely instability likely instability likely stability likely
Gans testing of Gens testing of
MSHE or PMS2 MSH2: if ne BRAF mutation BRAF mutation
{whichever had mutation, gene analysis =" present, 75%
absant staining) testing of MSHE
Mo BRAF mutation, 26%;
gene testing of MLHT, If no
mutation, consider gene
testing of FIWS2 or
methylation studies
Li ¥ l

If deleterious germline mutation, then Lynch syndrome; if
germline mutation not identified, correlate with family
histery, M31 analysis, stc,

*consider further workupfreferral to Clinical Cancer Genetics if clinically suspicious
(aq., CRC diagnosed < 45 yr, first-degree relative with CRC, mullipla primary [umors)

a8 4.

6, November 2009)
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Clinical Testing Algorithm Used at Ohio State University Medical Center.
Percentages refer to the likelihood of each result at that point in the algorithm. See text for
further details. CRC indicates colorectal cancer; IHC, immunohistochemistry; MSI, microsatellite
instability. (From Andrew M. Bellizzi, MD and Wendy L. Frankel, MD, Colorectal Cancer Due to
Deficiency in DNA Mismatch Repair Function, A Review, Adv Anat Pathol. Volume 16, Number

Notes:
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= 1%, 94 FAANA A= 4% HAES BHF MSH2 WHo] AgA3IA+=
12%, HA 3HA+= 28%= HATH120). oS Ao MSH2 o] 3kx}ol A
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U dA47tA dx S35 Aol ew2A oF A7) A HEAHS HoE o
T Wol Aok &We A=A HAY] RIZEE= 29%° E#shi(143), W
ststAl AL, B-glucuronidase #HAF 52 RWAEES U 51 st o3 o

t}(144,145). 1 2] fluorescence in-situ hybridisation assay, 4AW2
A<
=]

microsatellite instability ZAAF 59 Wi o] E8o] & £ QA T 254 0]
Ay o}z HlolH 7} FE53FtH(146,147). L2 ZS3 HAE v HEFH oo gk
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Type of intervention

Recommendation

regarding intervention

Strength of recommendation*®

Screening
colonoscopy

Endometrial sampling

Transvaginal
ultrasound for
endometrial and
ovarian cancer

Urinalysis with
cytology

History and
examination with
detailed review of
systems, education,
and counselling
regarding Lynch
syndrome
Prophylactic surgery
Colorectal resection
(segmental v. subtotal
colectomy v. complete
proctocolectomy)

Hysterectomy or
ocoph orectomy

Every 1-2 yr beginning at age

20-25 yr (age 30 yr in MSH6 families),
or 10 yr younger than the youngest
age at diagnosis in the family,
whichever comes first

Every year beginning at age 30-35 yr

Every year beginning at age 30-35 yr

Every 1-2 yr beginning at age
25-35 yr

Every year beginning at age 21 yr

For at-risk persons without eolorectal
neoplasia: generally not
recommended, discuss as alternative
to regular colonoscopy, with
preferences of well-informed patient
actively elicited

For persons with a diagnosed cancer
or polyp not resectable by
colonoscopy, § subtotal colectomy
favoured with preferences of well-
informed patient actively elicited

Discuss as option after childbearing
completed

Evidence includes
consistent results from
well-designed, well-
conducted studies in
representative
populations that directly
assess effects on health
outcomest

Evidence is insufficient
to assess the effects on
health cutcomes$

Evidence is insufficient
to assess the effects on
health outcomes$

Evidence is insufficient
to assess the effects on
health outcomes$

Evidence is insufficient
to assess the effects on
health outcomes+

Evidence is insufficient
to assess the effects on
health outcomest

Good-fairf]

Strongly recommended

There is good evidence that the
guideline improves important health
outcomes and concludes that benefits
substantially outweigh harms

Insufficient evidence to recommend for
or against

Evidence is lacking, of poor quality, or
conflicting, and the balance of benefits
and harms cannot be determined

Insufficient evidence to recommend for
or against

Evidence is lacking, of poor gquality, or
conflicting, and the balance of benefits
and harms cannot be determined

Insufficient evidence to recommend for
or against

Evidence is lacking, of poor quality, or
conflicting, and the balance of benefits
and harms cannot be determined

Insufficient evidence to recommend for
or against

Evidence is lacking, of poor quality, or
conflicting, and the balance of benefits
and harms cannot be determined

Insufficient evidence to recommend for
or against

Evidence is lacking, of poor quality, or
conflicting, and the balance of benefits
and harms cannot be determined

No recommendation for or against

There is at least fair evidence that the
guideline can improve health outcomes
but the balance of benefits and harms
is too close to justify a general
recommendation

H 5. *Adapted from the US Preventive Services Task Force’'s 2-tier system to assess the
quality of evidence and to assign strength of recommendations in support of each guideline.
TWhile the quality of evidence supporting colon examination is good, the optimal frequency
and initiation age have not been adequately studied. ¥Because of limited number or power
of studies, important flaws in their design or conduct, gaps in the chain of evidence, or
lack of information on important health outcomes. §Resection of a colon neoplasm is
therapeutic, not prophylactic. At issue is the extent of resection — if greater than otherwise
required by usual surgical considerations, then it carries an element of prophylaxis. Because
all persons in this group will be undergoing surgery, there is opportunity to consider
prophylactic removal of much or all of the colon. For women, the discussion should include
option of having a hysterectomy or oophorectomy at the same time.

90efined as evidence that includes consistent results from well-designed, well-conducted
studies in representative populations that directly assess effects on health outcomes but the
strength of the evidence is limited by the number, quality, or consistency of the individual
studies, generalizability to routine practice, or indirect nature of the evidence on health
outcomes.
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Biallelic DNA MMR genes

Hx] S5 AAAA A4 FHdoZ A heterozygous Wololth 1y
ol Ao A R EFUF fx ST A, L AE2 biallelic DNA
MMR ®Wol& do|7|A Ha o] dA F53 zpolzk drt. 20077}
Al 30 7} FHA 509 3xprF MLH1, MSH2, MSH6, PMS2 gene©]
homozygoustt T2 2 gene©| % compound heterozygous® FH %A}
Hugdo, o5 oA AF 109 odle] glioma, astrocytoma,
medulloblastoma, oligodendrogliomas < & %3 dNshHy Fko] WHAEA

om, gxpe] @i 750l "ol e dek oldd FFol 20thell M 40thelA

A= 3573 7B 2 Ao)7F e HES neurofibromatosis type-1(NF1)3}
A md o] Yebd b= Aotk Cafe-au-lait macule©] T o= WAy
shal Argolet MaHo] FZ7i7F dar s 2k I F-e neurofibromaZl EAY &}
™, iris Lishch nodulec] A7 % srH(154). o] @442 Felton et al.o]
7 MR AYsdsd,  stue ol NF1 fAF el
neurofibromin gene¥ ¥#Ho] ¢glaz MMR Agx 7 o]} oWl Edg =
Zolal ®E F7FA = NF1 2Had d3FS T+ WHol7t A8 oz 7hA] We| =

Al skt Aol tH(155)

V& ARG FFF X(Familial Colorectal Cancer Syndrome X)

obA AFdRe] AC-1& F53 MMR gene Age] gl #A1S familial
colorectal cancer syndrome X(©]3} syndrome X)2} WwH3tth, &, 34 4
e 7ML WA gene defects= §le AL o= AM-1 5 At F
A 45%(156)5 AAlstH A e PXx T3 Zol7b vk Lindor et
al.(156)°] 161 7}, 342209 AC-1 35 & tdo= g AFdA 7T17H%
156798 °] syndrome X& ZFHATE ol=9 WA YHELS standard

incidence ratio 2.39.2 #x] T3 35 HFME =7 <ko H

lo
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Y AR E GLAE 494191 FX] T SAtSdl vl A Witk L
gar " FFTA B i 9 FY APl syndrome XM=
S7H5) A gEtia Bastelth Syndrome X EAbtoll Al #F5 el Fdo] 9l
= 7497 9 ¥kl lymphocytic infiltration< WA %A g} (157).
Syndrome X9 Hglel thafire o] 71A] 7FAdo] ot Algi=E 98zl A
itk 54 7159 w8 S4d s d Zhe A= Az, obF HEAA e
T WHol7k & F = Utk 1 T 3 ZMEE Aot sk ti RS
NHdAEe] AFHEA syndrome X5 4oz th= Ad, < whole
genome association(WGA) 27l ow We Ayl ma JQrk(158). =3+
syndrome x &A}ol 4 CpG island methylation©] 4o yzl sty & 50
2 Yoy Age= HAF  gddem, global methylation® ZEA| A}
LINE-1(ing interspersed nucleotide element-1)°] t& tj&oH(HX]
ojL} Abd EMHET A% B FTOE YE U AoR Hol ¢

TQ3 71HY % Joes dFE JTH(159).
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o Aol Feofdt A2 BT AF 5y et sl 2009
o thgdo® e vk £ g 569 A T, 11 WA ¥ o4 $
AH(H A TF 7ol =2kl (Betheda guideline) 79l &4 38ke] 404 o] Aol % A43% 3}
o] adenomas 7Hxl #AH7F o] dATtol sttt o] A= AF =¥ o
A AAAIE A9 8] (Institutional Review Board)] %<l ol

£ @7 w7 RRRRYH §A4 24k B8 A FoF wech

o
z
0,

o

)

Total RNA¢] #&]9} RT-PCR

Total RNAE RNeasy® Mini Kit(Qiagen, Valencia, CA, USA)S ©]-8 3}
A zAbe] AW AE wel MY FERE FE51 T First-strand ¢cDNAE 25
ng/mle] oligo (dT)(Promega, Madison, WI, USA)?} 0.5 mM dNTP mix,
0.2 U/ul® Omniscript(Qiagen), 0.5 U/ple] RNaseZE ©]&3sto] 2 ug? RNA
ZHE st AAE cDNAE 0.2 mM dNTP mix, 0.4 pM primer,
1.25 Udml Taq polymerase(Promega)E *x3%3gt 50 pl PCR WH3o2 S35
3 MLHI cDNA &4 o] &= A" ATA(primer)E  AH&-3H3Ath
Forward (D-ATTGGCTGAAGGCACTTCCGTTG, Forward
(2)-TGGCTTTCGAGGTGAGGCTTTG,Forward
(3)-ACTACCCAATGCCTCAACCGTGG,Forward
(4)-AGAGCAAGCTCCTGGGCTCCAAT,Forward
(5)-GGATTACCCCTTCTGATTGACAAC,Reverse
(1)-ACAGCATTTCCAAAGATGGAGCG,Reverse
(2)-CTTCCACCATTTCCACATCAGAA, Reverse (3)-CTGGCT

CCGATAACCTGAGAACA, Reverse (4)-CCGGAATACTATCAGAAGGCAA,
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MSH2 &2l o]&¥  AlLA(primen)E  ©3  Zvh Forward
(1)-GGCGGGAAACAGCTTAGTGGGTG, Forward (2)-
T C ¢ C T GATAATGATCAGT T C
TCC,Forward(3)-AGATTGTTACCGACTCTATCAGGG,Forward
(4)-CTTCAGGCTATGTAGAACCAATGC,Forward
(5)-GCCCTGGAACTTGAGGAGTTTCA,Reverse
(1)-CCATGAGAGGCTGCTTAATCCAC,Reverse
(2)-ACTCGGGCTAAGATGCAGTCCAC,Reverse
(3)-GTGTTAACTGTCAGTGCCCA TGGG, Reverse (4)-TGCA AACAGT
CCTCAGTTACAGC. o= #2 &% xz3o] ALHHAT: 10x & 94T
2 35 719 WA (denaturation), 13- &%k 72TC=E9] extension. PCR A%
5L 2% agarose gelZ 8 3} 1, ethidium bromideZE ©o]-&3lo] Al Zb3}s}f

e,

MLH19] Exon 11 H#9¢] #3A(genomic) DNA £ ¢} SZ

+d4 DNA+= Wizard Genomic DNA purification Kit(Promega)E ©]-83}¢]
A=A Aol whe} xR FH F=330 k. MLH19 exon 11 5]
o]  fHHA  DNAE  10pMe]  forward, reverse  Al%HA|(forward,
CACAGCTCTTAAGTAGCAGTGCC; ;reverse,
CCTAGGAACAACAGCACAATACO), 0.2mM dNTPs, 100mM TrisHCL(pH
8.3), 1.5 mM MgCl,2U® Taq polymerase(Promega)E 33 50 mlo
reaction mixture® PCR F%38kglt). 1+ &<F 95C= 35 7], 1&# &4 5
9C, ® 1 st 72T, npAHto® 5% F<F 72TCE extension 3F3ith. PCR
AINELS 1.5% agarose gel® #3313l ethidium bromideE ©]&3Fo] A]Z}

3 sk,

Sequence #4
PCR % A¥}&=< QIAquick PCR Purification Kit (Qiagen)S ©]-83slo] A A

59131, ABI-Prism BigDye Terminator Cycle Sequencing Ready Reaction
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Kit?} ABI Prism 3130 XL Genetic Analyzer (Applied Biosystems, Foster
City, CA, USA)E ol&ste] < W&oz A4 sequencing 3to] Z41&t3itt.
Sequencing ¥F$-o] o]&3F AEA|:= PCR £A]o] o] &3 A3 SUscHE 6).
A S5 FATY A FATY sequence™ BLAST #AIR 2.2 GenBank
database®] @|2~E<9} H]us}3iH

Z

ATl U BE s Ao R® JERigky 91X S¥EoRE o4 HIA
om (At ko] =gkl (Betheda guidline) 7o) A3te] 404 o] o] At
&9l adenomad 71l #4h), MLH1¥} MSH2 F3AE A% A9 skl
1189 A= ¢ (e SASEHE 5709 A2 Ad Wols TAsS(E
6), 7L = 3709 WHolx= "R ZF3Z o] th3F International Collaborative Group
(http://www.insight-group.org)ty ~ Human  Gene  Mutation  Database
(http://hgmd.cf.ac.uk/ac/search.htmDel] S F=o] A F A2 WS},
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Patient Exon .
number (intron) MulaSS Type
1 MLH1 11 937 _942dupGAAGTT Insertion of two
Glu3i13_Val314dup amino acids
ZROMIHT = Tl BEd® C Polymaorphism
12 c.1185T > A (Phe39élle) missense
17 'c.1958C > A Polymorphism
MSH2 5 C.884A > G (Asp295Gly)  Missense
11 ¢ 1666T > C (LysB08GIu) Missense
15 ¢.2564A = C (GIn855Phe) Missense
16 ¢.2651T > C (lleB83Thn) Missense
3 MLH1 B8-10 c677G > A(Arg2?26GIn)  Deletion of
C.884 +386delCTCACGTG  exons 8-10
4  MLH1 10 c884+4A > G Deletion
5 MLH1 12 ¢ 11517 > A (Val384Asp)  Missensze

3£ 6. Mutations detected in Lynch syndrome patients
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21

o] R F o] EEo|E MLHIZ MSH29 =Y AAAE 439
< X5 MLHI®l AeuA 2H" GAAGTT < E(duplication)
(937_942dupGAAGTT)S 7HAaL glo] Glu3l39t Val3dlde] F5& o7 A ATt
(29 5). MSH2ell &= Wol7} "HAEX] eFatrt.

rﬂ
ol

n%ﬂ

F

olE

&2

MLH19 Afdx BA4S 3 A3} 3709 single-base WolE 2AE ATt F 74

396" F=olA phenylalanines Yot AW =3 isoleucines st
FEo R P THATT >  AAT)(ZE 6A). ¥HH MSH20 = v 7He] & ofn
=4k(single-amino acid) W37} WA HSAH: D295G, K808E, Q855P, 1883T
("9 6B). ol A 7H(D295G, Q855P, 1883T)x= SNP(Single nucleotide
polymorphism) &% Wi HQov}, G ofx e AA 3kt o] A 74|

o7k 3 ghxpo A T A2 Aot

30,

g2t 3
MLH1 cDNA A2 &4 23 exon 8-107} 1A

A
t}. Genomic DNA &4 23 F 7FA F3d4 o4& dsigith: &gl

(i
=
fru
Mo
g
o
il
i3
MY
_OL
Y 4/

Al 2~ (splicing sequence)E 1 @A]7]+= Exon 83} Intron 8 Alele] © 7]
1A (single-base substitution)(Z2¥ 7B)9} intron 10 7F&dl 2FA|(c.884 +

386delCTGAGGTG) (18 7C). & MSH2 F74dA}+= WHolE Holx| ok},

At 4

o

|

MLH1 F+32}9] intron 10914 c.884+4A > G WHol|7} HALT} o] W
~ZgtolA ZA3k(splicing defect)E ©F7]AA exon 10°] WA E A &
(translation)e] %7] 85t} MSH20| = Wol7} WAE A ok},

9

]
f

o
it

34‘9‘

al
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MLH1 Alg2 ¥4 A3 1151 nucleotide T > A WA7Z} WA, o=
aspartate IY FHEEL valine IY HFEoE ulfol EL A tHGTT >
GAT). eoleld V384D ®ol= ofmi=at Hskcharge)E HBSAIZIL(FAQ
valineo] AHdo] aspartate® wA)]), o= <¢l3] @A Fx WL oS 7}
SAE . a8y ZE 384% fRIAREIA detstAl BEH(poorly

conserved) H¢o] QlojA] olmi=At WA ZF o 7|54 FRAS Zh=A HU}

8k7]= o Huh B, MSH2e M= ¥o7F s A 3kt
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Patientl

G AAGT

Sibling1

T
C

1% 5. Novel six—base duplication in MLHI in the family of
patient 1. MLHI cDNA sequencing patterns in patient 1 and

two siblings.
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A

B

BO6

BO6

852

B52

F396l

Normal  TTGATGAATTCTGCAG
I =

Patients5 TTGATGCRATITCTGCAG

TTEETL TI“.'ILYQVKKEVCD QSFGIHVAELANFPKHV 840
TTEETLTMLYQV+KGEVCDQSFGIHVAELANFPKHV
TTEETLTMLY@VEKGVCDQSFGIHVAELANFPKHV 840

EEFQYJCGESQGYDIMEPAAKKCYLEREQGEKIIQ 886
E GESQGYDIMEPAAKKCYLEREQGEKI Q

E GESQGYDIMEPAAKKCYLEREQGE 886

1% 6. Characterization of MLHI and MSHZ in patient 2.
Sequence analysis of MLHI (A) and MSH2 (B) in patient
2. A single-base substitution (T > A) in MLHI caused a

Phe

residue to be replaced with an Ile (A). Four

single-base substitutions were detected in MSHZ (B).
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Exon 89,10
A Exon7 Exon 11

Patient 3 GCTACTGTTCATCTTCCAT T TGGCT TGTAAAT
Mormal GCTACTGTTCATCTTCCAT T AGTGGCTCACACCTGTAAAT
Patient 3 TIT GGTGGAT TCAGGTGTTTGAGAGCAGCCT
Normal CCCAGCACTTTGGGAGGCTGAGETGGETGGATCACAAGGTCAGGTGTTTGAGACCAGECT
Patient 3 nnl:manmm:l:cnnal:ccrn1ch:'lncTannnnrncnnnantmnnnnsncnTl:l:mn[:
Normal TGTCTCTACT T 181 TGGTGGC

19 7. Characterization of MLHI in patient 3. Sequencing pattern of
the region from exon 7 to exon 11 of the MLHI gene in patient 3
by RT-PCR revealed the deletion of exons 8, 9, and 10 (A). Partial
sequencing pattern of exon 8 and intron 8 of the MLHI gene in
patient 3 (B). Deleted sequence in intron 10 of the MLHI gene in
patient 3 (C). Partial genomic DNA was amplified by PCR, cloned

into a TA cloning vector, and then sequenced.
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1Ay
o] AFrollA Tl AFo A U=
of sl ZASIITE #AF 1e1A AEA LAH 6719 97] Ador A F
7Hel olm| il FE(Glu3l3, Val 314)o] M= #HEEHIH. o] Wol= AL
(transcription)t 3l = (translation)®] A W(truncation)oly} 7] T8 do7]
| &ttt ATP- binding =wH¢lell #1218k o] Wole] Fo gL ofx Hax]x|
ekokth. 1eu} Drost et al.(160)°] @W2W ATP binding = 1e] X8 =&
7 ¥ol(point mutation) (31, 37, 38, 44, 67, 93, 109, 111, 265%
MMR(mismatch repair) &5 Azt EAS st d3S 8 & <+

o)
AR

Y
o|N
Lo
M
1o,
jeba)
riot
By
to
[
L
APy
il

N

3z} 2% MSH2d thEe] wWol= 7FAal A thFig. 2). o] HWo](D295G,
Q855P, K808E, 1883T)= MSH27} MSH3¢} MSH6$} A3 24st= a2 Tv

¢l(connecter domain)¥ helix—turn—helix =w|¢le]] ¢ X3t} olm|=Alo = &

W37 ATl D295Ge Q855P A= MEHE WSIAIFTH I, aspartic acid
7F A37F 9= obm| Akl WbH ) prolined @3l a1](closed ring)9] o] v x=AF
o]|B & peptide chain® W& v % Qo o] ZhxtelA WA ®Wo|7t vk

EA MMR 549 S ofnsix]= ki, MSH6, PMS1, PMS29] 7]%5 4
o] 7bsd% o, g FxelA AT o] ®Wol= MMR &4 ¥
g 7hsAd o] wig- B

k2l 3& exon 8-109] 2HAZ Qg 7] £4 =
715 wel kS opr]ekqitt. #ke] DNAoIA = 7 7k ¥ol7l A H U
—d, AAE exon 83 intron 8 Alo] ZAZHF-L9 w]AAlX(missense) W
(c.677G > A) ola, FWHA= intron 10014 8 7] AHA|(c.884+
386delCTGAGGTG)O|t}. ¢.677G > A w|2=Al2~ WHol= exon 82 2hAl9] €9l
o2 delA ATH161). 2= EAH o] F 7EA S| Wol7t exon 8-10 AHAlE
vt 7Pty ey exon 9¢F intron 97F @l o] Wolo of&] g

A= A E A F=th, $-8lE exonic splicing enhancer(ESEs)7F 7]%5<

(g
olr

b

i

o] BAEAAL, ZHl v

1

£ }FEA] exonic splicing silencer’} 4 ® o= AZFstal Q)

22} 4= exon 109 2HAI7F dATH(162). MLH1Y MSH2 W] Eo]s WO
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(frameshift mutation)7} shtbe] tid 77 2Hallele)s B3} A7 Zlo] &
o ddez Aztdn. Hol2 MMR A (locus)®l 7154 of7h AAlE ®o
(somatic mutation)= YA ¢to] WHE Ao HIIH

A2 FFT FAoA itk MMR fdz el duhom s wge
polypeptide®] 7|5 AAel <& wysir), o]t WHo| F oAt wA|= QI

3t WHolx= &£ HES ZXEFHMSH2 ~15%, MLH1 ~30%, MSH6 ~40%),

ok

rlr
i)
T,

!
>,
N
olr
o
49,
rlo
L
B
N,
o
oZ
(2
ol
X
rlr

O

¥
rir
iy}
I
)
i
e}
(03
o,
)
8
>
=
i‘—l‘z
rlr

ko)
Zk WHolo] EA mgt Fidoz dAdolAY, 4 S/ (dominant-negative),
A

2
Bobq, i /% 4 w2 443 5 gtk vz weld] o% MMR 2

e Fa 7158 BAWTR Z2d7M5EaD1] du-dw 3 A8 A%
(B34 FA)[2]; @M-DNA A3 Adk(mismatch ¢12)[3]; MMR wilo] A ¥

W ¢ o]AH(aberrant MMR protein subcellular localization)[4]; MMR g
%8 WHsi(MMR H3tA|9] s}steFE(stoichiometry))[5]; MMR T8l QbzlAd o]
Heh6] 55 4o 4 Utk H Drost et al.(160)2 MLH1 #4o] AxE
Jax &ge M2 AAHES dasia of Aol 256 e VUS(variants
of uncertain significance) AHE 23k A3 1 5 1992 Hlo=z Azt
ATH.
3ha} 5ollA= EolAlol Qle ARt HHAE = V384D wWolZt AW ATHIE3).
V384 NHa-termial ATP A% =<l COOH-terminal PMS2 %28 *
H Q1 Abo], MLH1 & 4 F-9fell $Jx]gtth. V384D ¥ol= HAZ < H3td
MEE dor|a(sA, e ofn| Al valineo] oFAbA, skl ofvl:m
aspartate® A, TFxE IS 7|H AFAAow MLHIS HAd dF=
=tk #Ho] dTtel whEW MLH1el V364D WeolE 7k A9 Agdd i A9
zolEw Ao HuHIGRHE 254 2o 656%4 %=

72, 3, W1 HFEAHE (immunoprecipitation analysis)oll A PMS22Fe] A

g 5 gt FAF 27 8F Fk 9

p9

ol MMR Z-&54o]
Aol HiEHOT FAHASAE B, @AM AZE FA(yeast

two—hybrid assay) Z3} B-galactosidase @4 =7} Ao AU}, o= W

o]7F MLH1¥} PMS29] 435 #-8& Az oy, Bial %A (reporter gene,
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lacZ)7F 243t 4 Ar=2s
st S-S G F2

2hA ol 7k F-ffol e T
< 7IAH ATP 2% &= 7}
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