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MUTYH HAM|IZE REIXHEHO|C| Yo% 2f9]
Clinical Significance of MUTYH Germline Variant
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The MUTYH germline pathogenic variant is known to increase the risk of polyposis and colorectal cancer with a recessive mode of inheritance.
However, the risks of other cancers caused by the MUTYH variant are not well described. Herein we reviewed the characteristics of MUTYH-asso-
ciated polyposis, colorectal cancer, and extracolonic cancers. Furthermore, we present the current National Comprehensive Cancer Network
(NCCN) guideline on the screening program for the MUTYH variant. These may be helpful in clinical practice when counseling patients with the

MUTYH germline variant.
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MUTYH (human MutY homologue; NM_ 001048174) = DNA9]
AFehA £ Bshe 971 AA B &K (base excision re-
pair gene)=, FLoFd(guanine) 2] AF3}E Q13 DNA Q%5 wWAsH
L AZRFAE AARTHIL 19889, mury SAX7}F Ab+
(Escherichia col)ol| A %22 EAE 3 1991, ¢17+e] et Al
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FE(HeLa celDIf|A Hol7 | MyHZE g3 o1H2] o]n] )24l
22 -5 &} H(myosin heavy-chain gene)2] 24} 7] Z(gene sym-
boD= ARGEAL QISI71of ol MUTYH= A7 8= ATH3]. MU-
TYH 312z MUTYH-Q3 885 (MUTYH-associated polyp-
osis, MAPIS] §HIOI4 73 2k el glovk 71 ool )
%, Vsl 7T Bo T o] WIE o] 1 Eg]
TH(Table 1) [4, 5).

MUTYH Hol2 T S 2312 6710] 175 v} glou) w
2008415 oHo] HkElo] el &1 3 WA Yok
K 7] oJF1[6-11], MUTYH 57~k ®olof] 3t s A2t =<4
3| E ¢ 3 (National Comprehensive Cancer Network, NCCN)o]|
Ao k] L vl AfEA 73RS Qlof & FA A= MU-
TYH Wolof| 3t 71 52ke] A+t Aut55 Fsto] Harskalat
e

MUTYH |SZXte| 7|5

MUTYH 373A}+= DNA 28] ZA7 =88 & 4 (glycosylase) =

A & 592 7|8 (post-replicative mispain Q] E-Le} ¢17] A

www.labmedonline.org 301


http://crossmark.crossref.org/dialog/?doi=10.3343/lmo.2021.11.1.#&domain=pdf&date_stamp=2020-12-00

MO

S8 2 MUTYH Germline Variant

Table 1. Life-time risk of cancer phenotypes for monoallelic and biallelic MUTYH pathogenic variant carriers [4, 5, 34]

Risk in monoallelic carriers

Risk in biallelic carriers

Cancer type

60 yr* 70 yrt 75yrt 60 yr* 70 yrt 75yrt
Colon cancer Risk is possibly increased® 63%
Bladder cancer Insufficient evidence 25% (males) 6%
7.6-8% (females)
Ovarian cancer No increased risk 10-149% (females) 10%
Duodenal cancer Insufficient evidence 4% 4%

Breast cancer 11% (females) 11% (females)

Gastric cancer 500 (males) 50 (males)
2.3% (females) 2.3% (females)
Hepatobiliary cancer 39 (males) 2.9% (males)

1.49% (females) 1.4% (females)

4.5% (both)

Endometrial cancer 300 (females) 3.3% (females)

Skin cancer” No increased risk
Prostate cancer 0.5%
Brain cancer 2.1%

Esophageal cancer
Lung cancer

1.5% (males)
25% (females)

1%
Insufficient evidence
30 (females)
17%
2%

2%
3%

*Western European dataset, 254 cases; 'Colon cancer family registry, 290 cases from the US, Canada, Australia, and New Zealand; "European multicenter study, 276 cases,
data of patients with MUTYH-associated polyposis; *Meta-analysis of case-control studies performed to estimate the strength of association between monoallelic MUTYH
variants and colon cancer risk: Monoallelic MUTYH variant carriers are at increased risk of colon cancer, but the average increase is small.; "Skin cancer included melanoma,

spinous cell carcinoma, and basal cell carcinoma.

A 1A (base excision repair) 7 Zof| A FQ3F 952 312, 13].
Fropid o] Akl Gl 8-oxoguanine (8-0x0G) 2.2 EA| 1o
A 8-0x0G= Alo|EAl(cytosine) it ol 2} ofd|d(adenine) i}
A2 o F 4= Stk 8-ox0G= 7} F70f| 4] JAE AL, HA| Hof| A
s}yl FE 2Ero]E(nucleotide) S A|ASHA] H5HA G:CollA] T:
AR 2] A3} Wol(transversion variant)7} BHAYSIcH14, 15). o]
MUTYH +73A= OGG1 (8-oxoguanine DNA glycosylase-1) &
20k0] A5 28-S 3| 8-ox0Go] A5 S5 oS A A5}
o] 412} d4k0.2 QI GiColA] TAR] Wol S WKjshs ofat
= QreH1s).

MUTYH 7x2| dAM= Ho| Bz

o] & X g (heterozygous) MUTYH *AA|E W4 Ho](patho-
genic varian) ] 3% GFHEL 1-2%0]12[16] 5F - & (homozy-
gous) AYAA| 2 Wl Holof 274 FHEL 0.012%0]tH17). In-
SiGHT DNA Variant Database (http:/insight-database.org/)o] ©h
B MUTYH +731442] 717 S5 A2 10]9] F7+= MANE
Select Z A& (transcripp@l NM_001048174.2 7] c.452A>G(p.
Tyr151Cy9)2} ¢.1103G>A(p.Gly368Asp) =, 282+ A A AYAIAH|3E |
A/ §10]9] 30.7%, 37.8%5 AFA[RITHIS]. T3t 29979 MUTYH-
AT &F50] YHE olgor] sEE = MUTYH
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Holo] WS RIS $3f4] T E A5 At F §o] gl
¢.1353_1355del(p.Glu452del), ¢.650G>A(p.Arg217His), c.1149del
(p.Ser384GlInfs*40) 5-2] Ho| W=7} =QFTH19]. o] c452A>G
(pTyr151Cy9)2} ¢.1103G>A(p.Gly368Asp)S E¢H5H i Ho] 1
QA MUTYH Hol= 112 Ho](missense varian)Z A4 o
LH20] ¢452A> G(pTyr151Cys), ¢.1103G>A(p.Gly368Asp)+= 121
(caucasian) MUTYH-A¥ 855 SRS oAIA 71 vIHsHA 2
TE| T opxjoelo| A E5)R] eFom ¢452A > G(p Tyrl51Cys) 2]
At A= Y w2 Ao 2 BAEQITh21] dof A ARyt
25 E Qdold 6692 Ul §% TS tpke MuTYH
o5 ERIEIG=t 16(24.29)014 MUTYH WHo)7F E1=%]
, 969G > C(p.GIn323His) ¥o]9] RIE=7} 49%% =QFTH22]. 99
8o did e i 85 24 S 2 MUTYH RIS 21t
F27]9] Ao A= 4%EA%NA MUTYH WHol7h 2= QL
a1, ] Hol= ¢.800C > T(p.Pro267Lew), ¢.1353_1355del(p.Glu-
452del), ¢.1103G>A(p.Gly368Asp)STH23]. S-2jutatol| A= T3t
&5 Sl MUuTYH WOl A A7 ASl=, @
TollA= 30789] e &% EAelA MUTYH Hol7}F A
UL, T2 Aol 147 5 3 O SAAIA 773G >A
(p.Gly258GI2} ¢1001C>T(p.Ala334Val), 12|31 Th2 BkajoflA]
c715C>T(p.GIn239%%} ¢.1277A> C(p.Gln426Pro)7} EH¢lE|oich
[11.
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MUTYH-32t 5Z(MAP)Z} CHERY
MUTYH-13%
L AR A

L o

§F5> MUTYH 73442 ®olof| ofsf ihyst
J & &l(autosomal recessive trait) = A} (colorec-
tal cancen)¥} 24 9 22K (colorectum)?] A Al -8ZZ(adenoma-
tous polyposis) g sl Agko|cH24, 25]. oA o]
(biallelic varian)@] MUTYH-Q3 822 319 iAot 9=
= 60|l 43%01H (3], MUTYH-313 8552 285 32 7
o oipgere] WAy FIE7 709071 Z7hkekan whsicHao)
gk ook BAE % MUTYH o|ofRelAbY M HolE 7}
A3 9z HlE2 S0A] o1 73 1.3%, 504 ol5H - 0.3%
2 245 v} ek
ot 1A Wo Wyl ofe} MUTYH 547 7|12 $At-)
2 ATES 27 2gH 02 BAG 20114 Win 59| A7
= MUTYH St IxtA] Mol (monoallelic variant) T3t 1 %
L 7wt ojAkele] Ukl 9JF w2 Z71A)71t}al(OR=1.15, 95%
CI=098-1.36) B CH27]. MUTYH SAHEIAA Hol Rl
AH(carriers) S IO 2 §F T8F4 HLof|A] t)z2at Hto] B3|
ARG o] HIxte] dirgete] Ty Rl=7F ofF 2.10)
S7F5HATH28). oA TrATIAY wo] HeIxte] S7hE ¢
el gigetol A 13} BA|9] 7 (first-degree relative)o] )
= ARFEY] A=t frAkshH, didetell 29 13 BA19 71
o] = THUAHHIAMY Wo] HolR= tere] WA =7t
of sulf Z7FeFqith= Harzk Qo9 ey rEelES e
23 ATE AFolA = MUTYH FAAHLIAA WHo 7} o<t
o] ¥ F7Ht Fojulgt W ES] Zpol7t glo] 2L Aol o
3t oJ o] A71E7]E SHATH30L

MUTYH-S2 8ZZ(MAP)2| 41E(Screening) X
2t2](Management)

20239 ml== S E oA gt thielol] et #
AAR/7 EA 1B TS 935 A& A|-e|| w2 MUTYH o]t
HAA g Ho] HGAL 52 MUTYH-A 855 419
785~ 25-30A] o]Hof| Al (colonoscopy)& AASH= A
AL QUTH20]. AAL A A A 0 &= A2S 4= Yl AR Al
(adenoma)@] 790l = 1-2dntc} tjAA1 A Z2HEA & (pol-
ypectomy)S Al3Y5lal Qs Q- }4 7 surgical evalua-
tion)2} A& (counseling) S AlS§sljof gtek B3 AAL A} A1
Aoz e 4 gle A9 B i s 2 -2
Ayt EHEAlER A7
8} 4= gl A2 27 AR A < (proctocolectomy) T} F|AEHU

oiN o

3l<z(ileorectal anastomosis, IRA)2-
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G (leal pouch-anal anastomosis, IPAA)S- 113fjof 3t
B ATOIE MUTYH olfRIAA #lo] A= Ffele)
9 9, A 559 54 21T oot 4349
A AxA A A< (prophylactic total colectomy)
ERIAS } ‘21@[31 |. T3 v]=roleR- A 5k3(Ameri-
ege of Medical Genetics and Genomics, ACMG)
oA t”;iﬂ WA A exome) 3} Alw(genome) AE 4
(sequencing)®] 2x} 2A(secondary finding) 1. 110 tfgh A2 A
Aol wE2H, MUTYH-A3 853 2AlAN MUTYHS] S+
7H9] B Wol &2 F-AFSH A Holdlikely pathogenic vari-
an) S 'FAT 739 SRAboll A Harsk A5 Algkstar irH32].
201758 W= =S HAUE T= LA -H /IS M-

o ot Jm L

TYH "7 Ho] HfatolAl digetol e 12} TAI9 7150]
AL ol A=A ke A 404 e 13} BA 9] 710
et A7) 109 e} vhol e sdutet il gE Al
B Ze A vb AeH33) ey S d AR Mo
TYH Y§9/d o] BpAf Egh Ak ot} g2 4o 2 4 gl
wefshe AS WHEshe AR WAE=, ol 202330
MEAl 7841 Wgoluh TR ThUuiRQIRE e wWoelef o

7ot Ad) fl&@bsolute risk)o] o]4] Aol A= 12} 715 LA
off et BR7E AUE - 10-13%, 7HEE AFEglo] 6-7%EkaL
QIFEIgont 2023 =] AN AT ] ST} gl &
=] QTH20, 34]. o213t 2|41 213 0] M3h= ] U H IR
MUTYH Ho|2} ko] AE 571 2ke] Ab/do] freju]stx] et
£ BIEY] Z71E 3 Antet & 4= 9loh30]. wheba] ol
A4 MUTYH Wo] HRIA-E2] vl -2 o e o] &l
g Ak WA, EJ?MF/‘ORW MUTYH Hﬂo} HIAo] ik of
A 2] A3 54 AFES B3l 5o =9t o o]

ojAof & Aotk

CHZt 2] 2H(Extracolonic Cancer)

1 dizot

212

| RRLAH MUTYH o] MRl ol Zehuick wger
R5o] 199 Z7Hstelom TN Wagerel B R
10] 735 25%, ob3] 79 76-8%E ZHACHTable 1 [5, 34,
wfaba] ol thRIIA MUTYH Holg WHist Aol Al bl |2}

HAHurological examination)E 42345} Zlo| A153] 1l2]%o]
oF 3hth(Table 2). ZLe|ut SrUTHIx}A] Blo] HolAt= W& &
7kl thgt SA 7} F-E3)cH4l.
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Table 2. A proposal for surveillance of carriers of germline biallelic like-
ly pathogenic/pathogenic variants of MUTYH [26, 35]

Site Technique Age (yr)  Interval (yr)
Colorectum  Colonoscopy 18-30 1-2
25-30% 1-2
Upper Gastro-  Gastrointestinal endoscopy (front 18-29 1-5t*
intestinal and side view) 30-35 3 months to
tract 4 years?
Breast (female) Breast US, Mammography, and MRI 45 1-2
Breast (male)  Breast Examination and Breast US Baseline® 1-2
Ovary CA125and TV US 45 3 months to
1 year"
Bladder Urological examination (with US) Baseline® 1
Thyroid" Neck palpation and neck US Baseline® 1
Skin* Skin examination by a dermatologist 30 1
Baseline® 1

*People with a history of MUTYH-associated polyposis (MAP); *Periodicity is based
on the Spigelman Stage; "Consider a 6-months interval for Spigelman Stage IV,
SAt the time of MUTYH-variant carrier status discovery; "Three months may have a
better early-stage sensitivity [37]; Surveillance is not strongly recommended due
to limited data.

Abbreviations: MRI, magnetic resonance imaging; TV US, transvaginal ultrasound;
US, ultrasound.

2. 2317|Y

HF 9 &% HAE 852 MUTYH-IE 855 S/
T 7% A Ao, ok HYES 3]
SHA] RTHA]. o[ HH LAY MUTYH Ho] HRIRRe] 919 A <]
A= 70M7IA] 1% [4], FLHHEJAAS MUTYH Blo] HRIAb=
ARk et Qfok TAEC] 9.3ul, ZrEteet WS ] 454 =3
CH(Table 1) [34]. ©]&4& A317|Fe] AL MuTYH THAT 014
o] TRt WAE S71ek ol 7] mi2ol SduiHIAMY =
< OIHHUAS MUTYH WS 2T Al A S84

AHgastrointestinal endoscopy)7} -2 4= $Ich(Table 2) [35].

3. gt

OJNHR/NAS MUTYH AYAIA|E Holof i) 2y 9fflewe
= 7o) QAo HoHE vk gl Holk gl e v
S HAY Q3 E(lifetime risk)+= 70H|7HA] 10-14% % ZA =)0,
WA Aeke] S AF (median age)-2 SIAIZ = ITH4, 34].
oA o|NHRJIAA MUTYH YAH3E Ho 7} haore] Wiy 9]

371 st ek stz Atol B vl
YUIEA=L7} 20230 0] F3Eeh o B gl oig £
B THYRE AR A ol MY
wlolo] 43} velalo) ogha] 1 o] uhe $1% 74 Vv
A& (risk-reducing salpingo-oophorectomy, RRSO)-& @LeH =
A ob EFEsital 7]E= T30 B S HlolE = gy le

ARk, MUTYH OTHRRJIAS o7} = 8L 5 ob2] o= 4

r
2

01

— —=
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4 s AAlE S WS 7 HA g SRl 241
o S 4 ) G B e 4
2<% (transvaginal ultrasonography) ¥} @& CA125
o

%ﬁﬁ 7:./\]%‘ —’F AEH37 ‘:’r‘”EH%‘O‘XW MUTYH % *‘*ﬂi

OJHHIRS MUTYH A2 H0]9] T5AI71A1 9] e
A SR obe] 79 25%, Yhe] A% 15%E 2 v} 9]
[4]. TSt MUTYH &0 =2 olAaetdle] Alut=t(Sephardi)
ol PSS ko & 3 Szt Aol MUTYH H
olo] fHFeF B YJE =7} ¢.1103G > A(p.Gly368Asp) Blo|<] 7
1.86H] 27151921 c.452A> G(p Tyrl51Cys) Hol2] 749 159HH
SoBIACHAL T Aztol Az oje] 25 4sHIREL, Yol

- o[t HJAAS MUTYH 1015 HATH AlRolA 129 7712
P B A0l Wi slov oSS
7k 2003 0]) MR ek W Vhaspol tfek §44/715 4 1
12 918 A1z AR ol MUY ol 29 5

wRolto] oA U o) ulE G4 X7 |2 g AH(magnetic reso-
nance imaging, MRD 2 913 Z:H\_ S5 A A< (risk-reduction mas-
A F7 ob) 33 stk sz

Tt Atolli= EP%'EH%"LXP‘J MUTYH "2 A3 o] 2] 70A|
7] gHeke] BAY YR EE 11%ekal B EQic) 22 vlE]
2o el ol ) B0} bl 7ho) Tk %) s
ZAAHmultigene panel testing) & B WSS wf ThUdiHQIR}A
MUTYHAAAE Holo} el £k Sele) Sojolat 27}
7F $lelehs 23e] 23 E 97} 2019 0] HaEE 9L e m[40],
Hel o] L E Aol MUTYH TAHHAAY Ho 7}
Welel SRE 271ek folule wasel Aol glcks Ant
2022 0] H1%7] = sFAEH30].

Lo

tectomy)-=

x}gnﬂu oko. o] hHRIRMAY MUTYH AANE Ho 2 Qlal v
A Q1 =7} oF 20 Z71Ek 4= Q) e H(OR=2.1, 95% CI=1.1-39) [4]
23} g (standardized incidence ratio, SIR)+= 4.6H] 2 =7
S ACH34]. MUTYH- A3 855 Aol Al ot IAMY MUTYH
AL ol AP B S ) ol 20
ARG Holo] FAY =L} ARSI ElolE 47 REske

S o917} Wastch(Table D[4, 5, 34). E3F 94| 71<3E G4
oF Attt np IR & 202230 HP;&E] Lol gAte] AT E
Aol A Werer A A §1Rl= S7ke DAt IA
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MUTYH o] Ato]o] l3Ado] gIATH30].

Aot

A QLo A= MUTYH-AH 822
A soll A= gkl HhAYE 4= Qlok=
42]. WA SR} o[t HQIAM MUTYH WHo] B1AH)-S WhAsH
Ao B Z213 25315 Aldshs Zlo] IS dio] =
Q0] = 4= QJch(Table 2) [35].

o
ELIIE

7. D2
MUTYH-13% 855 Sl A ot SIAMd MUTYH 284A
32 Holo] T3A|7HA] 9] ul Rt A = 7%= S B Q)
CH(Table D [4]. 3 Z 5 E Aol A= 27692 MUTYH-AIH %
Z 35 3 13HE.7%)°] ZAZE(melanoma), SABAFI] Y (spinous
cell carcinoma), Z12]a1 7| A4 Y (basal cell carcinoma)S E§+
T oo Ak Wekthy B MBATHI E T ATelAs
§I%S] MUTYIEIT §55 Bl SAE 271} 6719]
CHE 59] T30k WAL SIStk T ofchEelAA
MUTYE AAAE o] BOIA-E-2 304 2E v w3t 152
= Zlo] e <= lrk(Table 2) [35].

I
A MUTYH Ol 591 o] Belo] ik o 418
AFS U AR 93] Aol Febelo] ik et ol
W 9 S0 e 719 4F7 2T DAt ek m-
TYH SHATRIQIAHY el ol 1ok, 7k, £k, A
ok 7HEelo] gl ol St o] gl Ao masglon),
22 S9ulat lebgo] ik HLE glo] olo] that F4 AT
7t AagElolof g Bolck
2 o

Holo] that a4} vlEAFTMEY D B W 2
74 1308 BEEo] ofs) Hefstolct

O[sH2tA|

AR L B el st ol ol TR §he-S Bl

https://doi.org/10.47429/lm0.2023.13.4.301

ZAR| 2
B ol W AR A0 & IQrAE] Q] QHYEAB A A o]
ATALE A& ol A= U THEA| L 5 HA23C0419;

NCC-23F1850).
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