Molecular Genetic Studies on AZF Region in Y Chromosome in
Infertile Men with Spermatogenic Defects

AFAI A 2

2k

oX

2 BT 2 BYATA

S

s 4 X
LM B
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. AZF region in the Y chromosome

EQl FAdo 8 A9 F FHF dlo® Jpg & 4EA e Aol A 4 o) F,

eRIHE F30Y Folth EERIgE S5 Qo 93 B4 (karyotyping) A Y
BAA} G AATE translocation®}t Y FAAS] et ¥ A4 Fo] EYT BHIYE oz
A UAck ol2g GAA ol FAAE B 12~27%, AAFAE Exbe] 2.1~8.5%0H Al
FZdn gl (Johnson et al., 1998; Giltary er al., 1999).

A# o] Tiepolo2} Zuffadi= FHAH5 (azoospermia) -2 3]4 A (oligozoospermia) ‘243 ofl A
Y G4A F2H ol &, ko] YR A4 (deletion)S AL o] ol AAFYAAHE =
b= A8 8471 vk Aoksla 2 2438 84E Azoospermic Factor (AZF)E 793t
(1976). 1 ©]F PCRY W @2 A7aLEd 93 g FAoz gaex ggkd A4
(microdeletion) &A} o F-7F A=Ak v S et (Yql1)9 Sequence Tagged Sites (STS)
primerg ©]-&-8to] PCRES T3 Ad #&E ole2igt wMZH L B 32}e] oF 3.5%~37% 3
=2 uefshA #EsEa Qo oleld v d e ke A7 g A 71Fe] vEy] wifol
Aunict 254 o2 7102 ALZEY (Table 1).
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Table 1. Summary of the frequency of microdeletions in the Y chromosome

Number of Number of Patients with microdeletions (%) i
Source STS - - : Population
Azoospermia  Oligospermia Controls
Kimer al., 1999 37 8/40 (20)' 14 Korean
Song et al., 2001 16 12/126 (10.3) 1372.7) 30 Korean
Reijo et al., 1995, 1996 84 12/89 (13.5) 2/35(5.7) 90 USA
Vogtet al., 1996 76 13/370 (3.5 200 Germany
Kent-First, 1996 85 1/22 (4.5 200 USA
Foresta et al., 1997 15 6/16 (37.5) 522 22.7)° 10 [taly

! Non-obstructive azoospermic patients, 2 Infertile men, * Severe OATS with hypospermatogenesis, * SCO patients.

lI. AZF candidate genes in AZF region

Tiepolo®} Zuffardi (1976) I3l AZFS] EA)7} #|td o] F, vjA A it o] A7t
B = 7HH Ma 52 (1993) Yqll interval 6 (AZFb) 910l EA5ls F-Hx2 ZolliAch o]
T4 2= YRRMI13} YRRM2Z 4] RNA recognition motifS 7}F2] 3. 91 2™ RNA processing®] L}
translational regulation 715 & T8 o2 FE5E1 gt AAE o] YRRM gened] ZAo|
AZFb-deleted patientsol| 4] 413} spermatogenic defectsE F-L5l=X]= o}& FHHX] Yot ol
£ olkE YRRM 327 Y GAA] Fekat deol] WAl 512 EA18te multi-copy f3210]7]
&Y Aojok YRRM #7AH] functional copy T L 7]%50] of& EAsHAl W=7 eFgtor
AZF TH FAZZA 843 A7 253 712-d), Reijo 5 (1995)2 A Zo] #3H vjAd4
o] 91A7} Ma 50 B33 AZF regionZt= ThE H YIS s n N2 FARQ] Deleted in
Azoospermia (DAZ) +AAE B 13519t} o] DAZ f- X A% RNA binding motifS 2+e @iz 2
A male germ cell 50131 L@ P& BT o] fixte /M & Rk v ZdHde] Bn
5= AZFc regiondl] EABIER 71} S48 AZF TR FHAE AR Qi ey o} &
AzpH e} mutationo] B.31E v} glo]l DAZ fd#te] Wolzt Axg e 2P AQ &S nizich
= TS godE 28 Eo] A Q0T (Vereb ef al., 1998; Song, 2001), %22 DAZ =}
o] 118k Eo}AQl 75 2 binding ¥ RNAS 2= dFE0] F=3x]ojof & Zlo|t}

19983 Brown sof )3l AEA AAE AZFa region®] $H A2} DFFRY (Drosophila fat-
facets related X gene)= ubiquitinating enzyme 2.2 X-linked DFFRX 7%2}9} 89% d&5AS 2& &
Axtolrt. &) 5 YRRMI} DAZ #-3zkebe el 24 SolZQl b g HolA| i AY
BE zAoA HEE H2, G EY #AtoA DFFRY 4249 4 bp deletion©] E.31¥] o]
2G4 A 1 DFFRY #+732ke] #@4E SH8F T (Sun et al., 2000).

AAZ AZFa regiono| 4] TEE = deletion Ul DFFRY gene 5+ olug} F819] regionS
E3ste A9gon, oF 1 Mb A% F7]9 AZFa regionol|A] DFFRY 9o|%= DBY #4=7} &
Aate AL A5 T (Foresta et al., 2000). AZFa region®] 227§9] STS markerE ©o]-£3}a] u]A|
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AR 299 break pointE ZAls] 2 ZA7) DBY 249 W%} DFFRY A4¢] Wk} oo
DBY9} E@ o] 118 EolAQ] A& FAHUTh 12|82 Foresta 5-& DBY +2A}7} AZFa
£ HEste 2ot F48 AZF 8 FH120& F438ta At (Foresta ef al,, 2000). DBY T
< DEAD box protein .2 DEAD box (Asp-Glu-Ala-Hsp)E 2+ putative ATP-dependent RNA helicase
olch

IV. Other genes in infertile men

Y @AY AZF region®] A EA oo G BY-E oy
= 2= 9t androgen receptor, FSH receptor genes S ol E0] it

Androgen receptor -3 2}2] o]A42 androgen insensitivity (AIS)E WER =], L FA4HL oAt
B 94 (@d6,XY), At A FA e (undervirilization) HA; FA e B2 94 5 O %
wpe} TheFetA UeRdTh A gk AISE Rolis o dstE B Sxtell Al 7 E Androgen receptor
Eddio] FAo) Be e gol FEEol e glon 4] TR wEA A B P4
oo Fd A7 249 18 ¥1 YUt Hiort 52 18089 534 B9 A8 gide
% androgen receptor mutation screening S T3 g A 2FF] EAMO] (Pro390Ser GIn798Glu)
& R8I (Hiort ef al., 1999). ¥FH, Wang 5 15082 gHAtet 1008 2] control S ooz
S0 BAE FYg A7 A o8, Al 7Y polymorphism?o] #Z 1L pathogenic
mutation LA ] ATt (1997).

Androgen receptor A x}2] exon 19] EA5HE CAG repeat =9 B4 B3] o] 1997
A Tut 5 Yong Tl o8] Bid o]f, o] AdFxpE] o8l v)&g A7k = o At
2920 YRGS oidoR o Adibe ofrd dBAR RolA] Agter Fa 2 g J
ol M= JBAL BAT (Giwercman et al., 1998; Dadze et al., 2000).

FSH receptor] EUW o] Aittomaki 5o 93 7158 Q1= premature ovarian failure (POF) &
Aol Al Lo BWIE AL (1995), 71 7HAA homozygote BAHS 7%= subfertile 5}7}
fertile 31th= 7o) Tapanian 5ol 28] Btk (1997). 2 & Tuering® Simoni & ¢ &
& O 2 FSH receptor F- 429 Ei%io] £4& 8319 21} polymorphism® #] 9] &
pathological mutation #H2et 5= YUAT (Tuerling et af., 1998; Simoni et al., 1999). FSH = A&} 4]
H4E& 2dske Fa3% s2Eon BjAAAA ARAYPYHRAFE Bole x| A9 dF FSH
TE7F A4 2~38) FUbEE Hog Hol, B9 #xlolA] FSH receptor # A%} oS @4
3l B F Addont o o A48A S vt AUtk d2o® FSH AR FSH receptor 77
2] fix B 2PFEAM Y AFE Tesolror & Ao AlgHLL

rir
o
L

V. Novel gene hunting

33 EY #xe) g2 FEo] I Uy 918 4] E8h: idiophatic patiento]th A, ©]E
Frto]l y G viddd 2 f42 Eddolz o 2y Y9le Aud 5 Qv
ZHA o] B Ay @ gl gk dFe o]8 285 Bl dxake] A@vh HAg
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Aotk AP NAEL B FAxES] wdo] #AE gl o3 dTe @A7A A
d T2 mousel 228 A2 F3Ho] 031 Utk Humand o 2E Y FAA "J’QP
(Yql1) ¥-91¢] vl ZAS 7|22 & physical mapping -2 A 2L FHAE e ATE 583}

= 2AlAolu}
29 AL fgitog A AxAS Boly ZAn v|AA HRIYAS Hol 3kae] zA
o] RNAE ©]£-3}4 Differential display RT- PCR 2 PCR-select cDNA subtraction kitS 435t

2L BolH o HaEsE FAAES Fe o TP 5 A& Zolt} (Song er al., 1999).
= DNA microchip 7]1&2] 7f &2 microarryE 0]—9-5}04 M2 FAE e dFE0] TS
8t 2 Oncology 5 2] &opollA] o]Fofx: Qo) B¢ A4S oz o8 383 A7
7Vsdte]et Al d.

V. 2 B

Ageolr] 2 Ics1e) HFol BYARGG] QoiH AR F& AYckm B & YAD
Ao Ae Eej=Ie BY % el A S0} B Be B #4744 & e
Aolth, 222 BYY A9 T IR AU B2} HBRH A7 ASHo R FHuo]

Aok & Aol

Aittomaki K, Dieguez-Lucena JL, Pakarinen P, Sistonen P, Tapanainen JS, Gromoll J, Kaskikari R, Sankila
EM, Levaslaiho H, Engel AR, Nieschlag E, Huntaniemi IT, de la Chapell A. Mutaion in the follicle-
stimulating hormone receptor gene causes hereditary hypergonadotrpic ovarian failure. Cell 1995; 82:
959-68.

Brown GM, Furlong RZ, Sargent CA, Erickson RP, Longepied G, Mitchell M, Jones MH, Hargreave TB,
Cooke HJ, Affara NA. Charactierisation of the coding sequence and fine mapping of the human
DFFRY gene and comparative expression analysis and mapping to the Sxrb interval of the mouse Y
chromosome of the Dffry gene. Human Molecular Genetics 1998; 7: 97-107.

Dadze S, Wieland C, Jakebiczka S, Funke K, Royer-Pokora B, Willers R, Wieacker PF. The size of the
CAG repeat in exon 1 of the androgen receptor gene shows no significant relationship to impaired
spermtogenesis in an infertile Caucasoid sample of german origin. Mol Hum Reprod 2000; 6: 207-14.

Foresta C, Ferlin A, Garolla A, Rossato M, Barbaux S, De Bortoli A. Y-chromosome deletions in idiopathic
severe testiculopathies. J Clin Endocrinol Metab 1997; 82: 1075-80.

Foresta C, Ferlin A, Moro E. Deletion and expression analysis of AZFa genes on the human Y chromosome
revealed a major role for DBY in male infertility. Hum Mol Genet 2000; 9: 1161-9.

Gilray J, Kastrop P, Tuerlings J, Kremer J, Tiemessen C, Gerssen-Schoorl K, Van der Ven F, deVres J.
Subfertile men with constitutive chromosome abnormalities do not necessryly refrain from ICSI
treatment: a follow-up study on 75 Dutch patients. Hum Reprod 1999; 14: 318-20.

-199 -



rx

T . BESLEP 2

&

Giwercman YL, Xu C, Arver S. No association between the androgen receptor gene CAG repeat and
impaired sperm production in Swedish men. Clin Genet 1998; 54: 435-6.

Hiort O, Holterhus PM, Horter T, Schulze W, Kremke B, Bals-Pratsch M, Sinnecker GHG, Kruse K.
Significnce of mutations in the androgen receptor gene in males with idiopathic infertility. JCEM 2000;
85: 2810-5.

Johnson M. Genetic risks of ICSI in the treatment of male infertility: recommendations for genetic
counseling and screening. Fertil Steril 1998; 70: 1029-32.

Kent-First MG, Kol S, Muallem A, Ofir R, Manor D, Blazer S, First N and Itskovitz-Eldor J. The incidence
and possible relevance of Y-linked microdeletions in babies born after intracytoplasmic sperm injection
and their infertile fathers. Molecular Humnan Reproduction 1996; 2: 943-50.

Kim SW, Kim KD, Paick JS. Microdeletions within the azoospermia factor subregions of the Y chromosome
in patients with idiopathic azoospermia. Fert & Steril 1999; 72: 349-53,

Ma K, Inglis JD, Sharkey A, Bickmore WA, Hill RE, Prosser EJ, Speed RM, Thomson E, Jobling M,
Taylor K, Wolfe J, Cooke HJ, Hargreave TB and Chandley AC. A Y chromoesome gene family with
RNA-binding protein homology: Candidates for the azoospermia factor AZF controlling human
spermatogenesis. Cell 1993; 75: 1287-95.

Ma K, Sharkey A and Kirsch S. Towards the molecular localization of the AZF locus: mapping of the
microdeletions in azoospermic men within 14 subinterval 6 of the human Y chromosome. Hum Mol
Genet 1992; 1: 29-33,

Reijo R, Lee T-Y, Salo P, Alagappan R, Broun LG, Rosenberg M, Rozen S, Jaffe T, Straus D, Hovatta O,
Chapeele A, Silber S and Page DC. Diverse spermatogeneic defects in humans caused by Y chromosome
deletions encompassing a novel RNA-binding protein gene. Nature Genetics 1995; 10: 165-75.

Reijo R, Alagappan RK, Patrizio P and Page DC. Severe oligozoospermia resulting from deletions of
azoospermia factor gene on Y chromosome. LANCET 1996; 347: 1290-3.

Simoni M, Gromoll J, Hoppner W, Kamischke A, Ktafft T, Stahle D and Niesclag E. Mutational analysis
of the follicle-stimulating Hormone (FSH) receptor in normal and infertile men: identification and
characterization of two discrete FSH receptor isoforms. Journal of Clinical Endocrinology and Metabo-
lism 1999; 84: 751-6.

Song GJ, Lee HS, Park YS, Lee HJ, Lee YS, Seo JT and Kang IS. Screening of the differential expressed
genes in testes with normal and spermatogenic defect patients. Anmual meeting for ASRM 1999; S54.
Song GJ. Molecular genetic studies on the FSH receptor gene and azoospermic factor region in Y

chromosome in infertile men with spermatogenic defects. PhD thesis 2001; 72-97.

Sun C, Skalesty H, Birren B, Devon K, Tang Z, Silber S, Oates R, Page DC. An azoospermic man with a
de novo point mutation in the Y-chromosomal gene USP9Y. Nature Genet 1999; 23: 429-32.

Tapanainen JS, Aottomake K, Kin J, Vaskiwuo T and Hubtaniemi IT. Men homozygous for an inactivating
mutation of the FSH receptor gene present variable suppression of spermatogenesis and fertility. Nat
Genet 1997; 15: 205-6.

Tiepolo L and Zuffardi O. Localization of factors controlling spermatogenesis in the non fluorescent portion

- 193 -



7 -’-‘-% —’f*%ﬂ‘ * Molecular Genetic Studies on AZF Region in Y Chromosome in Infertite Men with Spermatogenic Defects

of the human Y chromosome long arm. Hum Genet 1976; 34: 119-24.

Tuerlings JHAM, Ligtenberg ML, Kremer JAM, Sieres M, Meuleman EJH, Braat DDHM, Hoefslott LH,
Merkus MWM and Brunner HG. Screening male intracytoplasmic sperm injection candidates for
mutations of the follicle stimulating hormone receptor gene. Human Reproduction 1998; 13: 2098-101.

Tut TG, Ghadessy FJ, Trifiro MA, Pinsky L, Yong EL. Long polyglutamine tracts in the androgen receptor
are associated with reduced trans-activation, inpaired sperm production, and male infertility. JCEM
1997; 82: 3777-82.

Vereb M, Agulnik AI, Houston JT, Lipschultz LI, Lamb DJ, Bishop CE. Absence of DAZ gene mutations
in cases of non-obstructed azoospermia. Mol Hum Reprod 1997; 3: 55-9.

Vogt PH, Edelmann A and Kirsch S. Human Y chromosome azoospermia factors (AZF) mapped to
different submargions in YQ11. Hum Mol Genet 1996; 5: 933-43.

Wang Q, Ghadessy FJ, Yong EL. Analysis of the transctivation domain of the androgen receptor in patients
with male infertiltiy. Clin Genet 1998; 54: 185-92.

Yong EL, Chadessy F, Wang Q. Androgen receptor transactivation domain and control of spermatogenesis.
Rev Reprod 1998; 3: 1414,

194 -



