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=Abstract=

Cytogenetic observations of loss of the distal portion of the Y chromosome long arm were
found to be associated with disrupted spermatogenesis. The existence of a gene involved in the
regulation of spermatogenesis, the azoospermia factor (AZF), was postulated. In this study, we
screened the AZF region including DAZ and DAZH genes and observed the expression pattern of
DAZ and DAZH transcript in infertile men with azoospermia and oligospermia by using a
sequence-tagged site (STS)-based PCR method. PCR primers were synthesized for 11 STSs that
span Yq interval 6, SRY, DAZ, and DAZH, functional DAZ homologue on chromosome 3.
Microdeletions were detected in 4/32 (12.5%) azoospermic men and 1/11 (9%) severe
oligospermic men. Only 2 of 5 patients had microdeletions of Yq that contained the DAZ gene,
whereas the other 3 patients had deletions extending from intervals 5L-6F proximal to the DAZ
gene on Yq. Testis biopsies of the azoospermic patients revealed a variety from Sertoli cell-only
syndrome to testicular maturation arrest. Of 4 men with clinical data available, average testis size
was R: 13.8 cc, L: 13.8 cc, serum T was 4.0+1.25 ng/ml, LH was 3.63+1.90 mIU/ml, and
FSH was 8.85-5.13 mIU/ml. These values did not differ significantly from the remainder of the
patients tested. We could not observed the DAZ transcript in 2 patients, who have no mature
spermatozoa. In 11.6% of patients microdeletions of the AZF could be detected. These deletions
in the AZF region seem to be involved causing spermatogenic failure. But the frequency of
microdeletions proximal to DAZ suggests that DAZ is not the only gene associated with
spermatogenic failure.
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& JayAF F3e] Yeol Aol v g3l A -

ERHALH 24 FAYPYRH S -3 7
AA 247} Yqlio] EAstelgte 2 F54
3} 2 (Tiepolo L and Zuffardi O, 1976; Sand-
berg, 1985), 152 I F3 4 24 F AZF (ie.
azoospermia factor; Tiepolo L and Zuffardi O,
1976)= Aot Y GAA/3D A translo-
catione] #FEEAY Yqo & d4e Jehd=
el dlet dyda Y A9l euchromatin
RE FH7F AAA YA E o] Yos
oo BaE wl gl (Vergnaud e al, 1986),
karyotypingell 93 €218 4~ 31-& A= 44
£ Ad F4e FHAF dAeE A 9
o olel g AL A E9im AfE s
FHA TL o FAHAIL Y SAA Z dele-
tion interval 69 A A& Holzte= MY S ¢ g
43} 84 F Q) (Bhasin et al, 1994; Burgoyne,
1987; Chandley and Cooke, 1994).
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dAo] HAgd 2 #ostejetn A4

olxe d FAA} Foll= Y G g, 55
deletion interval 69 & A7 EA7A 7}
A 224 53 9t} (Bhasin er al, 1994; Bur-
goyne, 1987; Chandley and Cooke, 1994). ©] 33,
% Yq 11.239] gl FAAF ARG T2
g% & Aolghes 948 FAEC BnHi
o1 (Bhasin et al, 1994), Yq118] AZF 9]+ o}
E o) dg4de] AERFATH FF(Yunis ef al,
1977; Chandley et al., 1989)7 BB ESH 5
(Ma et al,, 1992)s] 4 AR} 18]} AZF £
Azbe] FZ 19 7)%L oA A
w22 g ot

AZFZ 7] A =802 Xg FPdE
AL AZF9] 9| &7} Yql19] proximal® distal £
B Aolo] EA)gche Aol ATH Ma et al., 1992;
Vogt et al., 1992). o] ] g proximal} distal v| A &
Ao Mz FAUA] &gkl @il AZF locuse:
Yq11.239} interval 5¢} 69 FA\stE o) AA
w, dhuel §A1A ol & shie) f3HA A
go g AP o) BT Rojet AU
t}. Tiepolo®} Zuffardi (1976)2) BAF Aol Fo
8} = Azoospermia Factor (AZF)2] ZAE A3t
o] % Ma 5 (1992)°] DNA probeZE ©]&3 A&
A Y 43 F4 53] interval 62} A FA
& Buge2n AZFY EAE g4ls] ¢ =
Qem AZFE wrayaxstes o8 A77t &
5= 71 Ma 5 (1993)2 interval 69 Fx)
e FARE Foliglch o] FHAE YRRM
13} YRRM22. 2 4] RNA recognition motifS 7}X} 32
gen %7 FAFAARF 3ojA RNA pro-
cessingo} 1} translational control®] 7]%2 & A o]
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olzt Attt o2 EAFHTAHI
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AZFE}3 Ruy olF 2ue|dA s DAZS 4%
& Ze A, boule Zol|Sl o (Bberhart
et al., 1996). ©| boule A A% ¢ A] RNA bind-
ing domaing YD @ A Aol EEH v
meiotic G2/M transitionS ¥l sl Ao 2 urgy
Aok B2 ¥l 5w Al BHAAE A
#H 3} B0 v FAAQ Daza (Daz like,
autosomal, Cooke er al., 1996)9} Dazh (DAZ homo-
log, Reijo et al., 1996)7} &5t o {4}
T3 RNA binding motifE 7Fx] 11 glow & Ao
ARt @] He Ao FRHAT. 2oEe}
AHNA AN 2} fFHAES AEe) DAz}
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RNA binding Thu g o] o &of ] =2)7} o] &
oAz gtk o|¥A HFAA AN FAPA =
FHEE FAAN ™A de 7Fed AR
A% DAZH (Saxena et al., 1996)7} A3 A A 3w
o fixjeta ke RAE v yo] Abgel A
Aol YA o= BFH o 7R
82159 93 2FATE AL 24 ey
Y9 A9 R4 s BAE HEA
Aot

ol¥F BANETLH, FARFATH Ao
3ol FAEY Folo] e A7t APH
1 glen AR HHRE TS FAe
ok 13%7F Y 44 Fe] AZF Al &g Aol
e B/l 9ok (Reijo et al., 1995). & Ao
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= ®Why o) STS-based mapping strategyE ©] 83+
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gz oA fEeted FAPYHH el d
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AT e 19961 d 9g RE 1997'd 1€ 71%]
AHdAd Y] HAT G EdF34 F B
HA As} B apgold glagaFos Ay
g4 437 (H A8 FEAF 327, A AT
119)% 28 24 & 58 5 UAD 219 (¥
AHAY FAAF 208, 24 AF 18)E R4
o® ggen 4 dxreie 9448, ¥4
2 F o 2 fathered male S iAo 2 st

2. STS primer

Y dax 9 mA2d 248 93l A8 prim-

Table 1. Primer sequences of Y-chromosome STSs analyzed

STS Forward Reverse

sY129 AgCTTCAgeAgg TTCAAAAC AAgTeggACCTAAgCTACgA

sY134 gTCTgCCTCACCATAAAACE ACCACTgCCAAAACTTTCAA
sY147 TTTCTCgTTTgATgATCCTAg TTAATATgAgAATgAgAACAgATET
sY148 AAATEAAAAAAgATACEAAACTCg gAATCCCACCCAAgAATCTg

sY152 AAgACAgTCTeCCATETTTCA ACAggAggeTACTTAgCAgT

sY156 AggAACTggCAggATTAgCC ATgTCAgggTTTCCTTTgCC

sY254 gegTeTTACCAgAAggCAAA gAACCgTATCTACCAAAgCAgC
sY255 gTTACAggATTCggCaTsAT CTCgTCATgTeCAgCCAC

sY277 geeTTTTgCCTgCATACETAATTA CCTAAAAgCAATTCTAAACCTCCAg
5Y283 CAgTgATACACTCggACTTgTeTA gTTATTTgAAAAgCTACACggg
sY269 CTCTgggACAAGTETTCCTTg CATTggCATgAATgTETATTCA
DAZ gACCACACAgCTAgAgCACC gACTgTATCCTTCggATTCC

DAZH geAgCTATgTTgTACCTCC gTgggCCATTTCCAgAgse

SRY gAATATTCCCgCTCTCCggA gCTeeTgCTCCATTCTTgAg

.59



ers= Vollrath 5 (1992)3} Reijo 5 (1995, 1996)c]
o8] E3H o primers = A B g 74
AF BAAA A4 8%yl 28 sY129, sY134,
sY147, sY148, sY152, sY156, sY254, sY255, sY277,
sY283, sY2698 AL&-3l¥ (Table 1). 13 A
ol x] o] DAZS} DAZHe] 8 k& Tastr] 9
otel DAZY| Se)H<l primerd A3t o
DAZH primery= Saxena € (1996)0] AF&-8k primer
& AHgstg o =3 g4 7 PCR ¥H-8-2] 44 o
FToR SRY FAAZE ARSI ol 7

primer 45 & Gynosys (USA)el] o] %] §AJ sttt
3. Genomic DNAS} 112 ==%| RNAS] &8

1) Genomic DNAS| 22|

#are] AdxgNg dguAst HeH vac
cum fubeo]] A # 3 & 3000 pmo 2 YA Eels}
o buffy coatyt& FElsted -70Col| BHstg.
Genomic DNA+ QlAamp Blood Kit (QIAGEN,
Inc., Chatsworth, CAYE o] &3&lo] FE519 01
F23 DNAE 4T Bt

2) RNAS| 2|

SAERE AFHG 22 & FA] 70T o
Waraslg o] RNA ¥ Al Trisol solution
(Gibco BRL, USA)S A-8-5t9t}. ©5-3 RNAY
< 87 918t} DNase I& 374 1413 A 2]
&led genomic DNAE A A% & phenol % &
a8 w8t 1 F-3e] 2.54] 9
100% ethanol® RNAE R AA]Z] 3 70% ethanol
2 A sg ). A3 g RNAE #3417 & DEPC
& Aeld Fgedd o Abgstd et

4. S3tEA o282 (Polymerase Chain Reac-
tion, PCR)Z} QFAL-ZEEA oI uHS (Reverse
Transcription-Polymerase Chain Reaction, RT-
PCR)

2.9
=

cDNAE F{43t7] Sl gAA kg2 50
mM Tris-HCl (pH8.5), 8 mM MgCh, 30 mM KCl,
1 mM DTT, 2t 1 mM dNTP, 0.5 units€] RNase in-
hibitor, 2.5 uM oligo dTis, 0.25 units©] reverse
transcriptase, AMV (Boehringer Mannheim)2 £
gha] DNA thermal cycler (Perkin-Elmer)of] 4 65,
104 427C, 60%; 99¢C, 5% At &4
¥ cDNA¥E PCRE F838l7] A7 20C) B
#et o

FEEA

A s

A 4 vh-2-of] AL-R3 primersis $Y129,
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Table 2. The rate of Y chromosome microdeletion
in azoospermic men and oligospermic men

Indication deletion rates
Azoospermia non-obstructive  3/32 (12.5%)
severe 19 (11.1%)
Oligozoospermia
moderate 0/2
Total 5/43 (11.6%)

sY134, sY147, sY148, sY152, sY156, sY254,
sY255, sY277, sY283, sY269, DAZ, DAZHe ™ st
9o 2 20 wo 10 mM Trs-HCI (pH 83), 50
mM KCl, 1.5 mM MgCh, 2} 0.2 mM dNTP, 20
pmol€] primer 4, 0.5 units®] Tag DNA polymerase
(Boehringer Mannheim, Germany), 2|3 50-100
ng?] &2t genomic DNAZ Z%3ld F3d3A 2
v DNA thermal cycler (Perkin-Elmer, Stratagene)ol]
A A g 9acoA 287t §Egg F 94T, 40x;
587, 60T, B 62T, 1¥; 12T, 129 cycle
358 ¢9% F AFHoz 12CAA ¥ ¥
ZAZ k. yhgol Bt SHAES 2% agarose
gl ArldEY e wAsdon A%t &4
o2 g #xlo] A E PCR errorE HjA| 8t
71 feled 39 olide] YA AL B
HEH o ANE st
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AW EFORTE = 2t
APen SANEToZREHE o
2% #2328 4 9ok 328 734
o113 9

[

g Ax, BAAE #4 FAME
(12.5%)°] & 7§ 2} STS o)At A Y GAj# <] n]
HZ4E Bion, gaigas & FodAe
1% (9%)°) vlA A4 & e 2t (Table 2). &
43 9] ka3 5% (11.6%)°) YEHA & vl
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Fig. 1. Deletion mapping the AZF region on human Y chromosome.

Fig. 2. Pattern of DAZ and DAZH gene ex-
pression in azoospermic men.
Detection of DAZ mRNA and DAZH mRNA in a-
zoospermic men by RT-PCR
Lane 1, positive control (B-actin)
Lane 2, DAZ mRNA, azoospermic patient without
deletion of DAZ gene
Lane 3, DAZ mRNA, azoospermic patient with dele-
tion of DAZ gene
Lane4, DAZH mRNA, azoospermic patient without
deletion of DAZ gene
Lane §, negative control (no RT)
M, molecular weight marker X IV (Boehringer
Mannheim)

U] 35ol BLE= DAZ 59 o]92] deletion
inetrval SL-6Fofl A} mal Ao} f2E 9t (Figure 1)

_61-

-

2. DAZS} DAZHS| 23 oAl

A Ao} 9l $xtol A DAZ gened) TH
g BIstm EF v Al FHHA &
= 34 o) A DAZ geneo] AUl 2 HAH A &7}
2 #2sty] 8, BAg ng Aoz R
RNAE #Z%ld dAA-THELE AHT$S
-3} 3 Z 7} genomic DNAS|A DAZ gene2] Al
Aol #FE A& o4l 2 DAZ mRNA
0] HEH A ggkan] WA

2l E DAZ mRNAS] ZZAE
S %i‘}’iq (Figure 2).

& o|MZalo] TEE Ko AUAA

bt

AA G A A Ao
o,mxu BT 1}o) & 3144
A, el %q% BT 138138 (F/$) 2
Vet d4lo] gl tE #xEy 99E Ao
= BolA Yt 1HY FT FEE 3.63 miv/
ml2x F4XE Jepidz, BT FSH sx9

2% 885 mlUmIE FAX 2 BPEgon,
Testosterone®] BF 5 4.0 ngmle g AFA
2 yolulx] @& Aoz velgth (Table 3). ©]
= LH, FSH, Tesiosterone?] B ¥ 24%
VepRA e A7 g v 58
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Table 3. Clinical characteristics of 5 infertile men with microdeletions of Y chromosome

Patient  Indication Age  Testes Histology Karyotype LH  FSH T
number size (cc)

1 OATS 29 12/12  severe hypospermatogenesis 46 XY 15. 43 4.6

2 Azoospermia 28 16/16  maturation arrest 46 XY 26 6.2 23

3 Azoospermia 30 12/12  severe hypoplasia 46 XY 4.8 16 52

4 Azoospermia 35 14/14 Sertoli cell only 46 XY ND ND ND

5 Azoospermia 35 15/15  severe hypoplasia 46 XY 5.6 8.9 39

ND, not determined; OATS, oligoasthenoteratozoospermia; LH (mIU/ml), leuteinizing hormone;
FSH (mIU/ml), follicular stimulating hormone; T (ng/ml), testosterone.

& Fol2 Uelx] gtk B AEFASER  wARA n@IAT So|How BN o
9 AFRY A% Ao AW 5P BT AN AYL WHAWATh 1 F Zstel M= DAZS
A 46 XYl Aoz HAHeH, ngo = BE8e Ze FAA, boules FohHlor

2 ZJA} A3} Sertoli cell only syndrome 1%, ma-
turation arrest 18, severe hypoplasia 2%, severe
hypospermatogenesis 17 2.2 e} v - thekst
2ARe A 222 YEE 25 A9
AARARNE e ez B

[t

a

At BAPAARG & 2-4e= QALY 4
Ao EAgdrhe AR GAAELYH o AR
9}e] #AE Tiepolost Zuffardi (1976)0] <] 3|4
FA 2SS VR = EAe] Y A8 A A ehol A
WAL S BES Y A Ao AAEA
ol #al 3l Azoospermia Factor (AZF)2} EA &
At A A FE Azt Yt T o] F AZFE Yt
st A2 77t FA s 7hed Ma
5 (1993)°] interval 60 EA s} FHAE Fo}
WA EA-FA20 d771 62 B3dd] 213
At o] f-AA = YRRMI YRRM2Z A RNA
recognition motif & 71X 11 3 Z7] A=E A5}
Ao 21o] A RNA processing®]| 1} translation =2
71%€ & Aolgt F3H A 18 YRRMIZ}
YRRM29| tj g AZFE A 9] o &5 A 718t o
g SAE° EuH3 e 7t&d Reio F
(1995)2 N2 FHAQ DAZE Hu d1HA
Ma 5] B33+ YRRM15} YRRM2$} %) =138 A 2}
A& FHsder DAZY FA
Aste AZFetx s et
AA= RNA binding motif & zt&= @

i

(o]
B
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(Eberhart et al, 1996), ©] boule FAALE <A
RNA binding domainS 7}X 3 Q1 & Aol Mgk
W& €l meiotic G2/M transitionS el sl A
o2 AT B AFRNAE FAFEAA A 7
#AH o] 9= §-H A2l Dazla (Daz like, autosomal,
Cooke et al., 1996)2} Dazh (DAZ homolog, Reijo et
al, 1996)2 zrohllgls o] F#Ax F3 RNA
binding motif2 7}x] 31 glo™ gl gt 2E
o] He Aoz FEHIUL olF FAAELS A}
@e] DAZeE 9] AEAA T obd AE AR
LSRR REE R RCE R
A | 2] RNA binding Thel g ol of g & gof 7hs
AL AA et oA A A A HAHA
I #AE FRAATE WEHA D Ye b Al
o| X & DAZH (Saxena et al., 1996)7} <] 20 A
el A35hn ek 2 S Zohyr.

olglzto] ZAAZE T F4aHAF B4
DAZ A9 nA|ZAe] 4 Hi =Qdx E3F
DAZ ©]9] 8] A e u|Ad o] @] o]
e AT AAE vgo R FAF I HA
e AT YE ARG oelxGelA EA
e A2 4 F AR (Najmabadi et al., 1996).

2 A9 ArARAAE FPUEFO LY
Hi olm@ mAAAE B3 - gdoy ¥
YA} 2B AZ Bl A E AR gL ]
&2 nAAe) BAY Ao Ho} Ao g
= @Al gojAlel AAR YR E )8 Y @

Ao vlAAde] 9ok RS BAY
& AT 2R TRAZ BAe} 119 Ha



BAE SA4E ggo A8 S t A3,
FAAZ 82 Fol e 49 (12.5%)01 Y 4|
o lNZAAE BAon, sayas gx) “5'°ﬂ
Ae 173 (9%)°? A B EE veRlo] thE
A3} v g5k A+ARE VER Ao (Redjo et al
1995; Na_]mabadl et al., 1996). 121} & 4374 9]
B2 F 5% (11.6%)°) YEBRA 4 A4S
e AR g o] & & 29 o] H 2 A A
I dolr T8 988 & Aoz Ao
DAZ ¥-gio viNZAMC] #AHYLn Yrz
38 9] A9+ DAZ 59 9]9] deletion inetrval 5L-
6Fcl| x| wlAlZdde] Bt o|2id Aue
DAZ 2319 dA3kA] e F YA naZAa
o] 2 =g #AH M wat A7t &
27 DAZ o] © AL G A REA
FGo G Aojgte 5L 244 sta e
5 ofe] thg Art v Ho] MaHolol & A
olt}. A DAZ2] 4444 homologQl DAZHO)
e FEES A4ue A ojw| 4B FAAM
= ZA4do] #EAER grol o] Fe Holof &
8% B FQd

d

J>'
ok

1;!_
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A2 el Sle ghatet Aol Bl &
= BAte A DAZ geneo] HE A4S #Esa,

E Adde gAY B oW aqld o)
DAZ gene®| o] gL wix] &7 e A
ztoll A Bxte] g FZ o wHE] RNAE
st GAAL-FEFT A AYrS S £ A
genomic DNAC X DAZ geneo] v\ A Z Ao} #3
H Bl M & oA 2 DAZ mRNAS] 2 EALE
ol TFHA &skth. 28} DAZ genedl T4 A
Aol gl 198 #xlo] M= DAZ mRNAY F%
AHEo] #EEA] @9kt o] 213 A= genomic
DNA 7o) A4 ejof th & 8.910) DAZS) wHE o)
Hosle] A= FAYH D e FHo] Y& A
olg} Azt= o) Zc)

=g vl Aol By gxte] g gL
B 13.8/13.8 (/%) cc2 JEN} Halo] gle

E 84 HOE Aole Helx] ggith
LHS H¥F %3 3.63 mlUml 37 FSH 2%
9] 74-% 8.85 mIU/ml, 18] 31 Testosterone] 3 I
FTEE 40 ngmlE S o] FAFAE vlojhx]
22 Ao Vel ol LH, FSH, Testoste-
one?| YFH T A4S vehga ge g
BT B w2 5EHI Aol 2 JEhiA
okt o] AAE B o vadde] g A

EY 1
=

-
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FaAE oY 2y FAPPYHAs 5ET
A A AEE AT Utk A o]
Aoz ¢ty 2+ B9 (Ataya et al, 1983;
Chandley er al., 1986; Micic et al., 1990; Anderson
et al., 1988) T3k H 17} Hof At & Ao
A Aol FHE sHUL RFPEN A =5 F
"J’ﬂ"‘ 46 XYQl A o2 elso] Urta<l g
A dlo g Y gad nAd4dE 8%
Bok ofye} o] ZE viE FAFEA
Ay FAAE F W& ¢ F AN
3to] xA ZAF A3} Sertoli cell only syn-
drome, maturation arrest, severe hypoplasia, severe
hypospermatogenesis©. 2 el o ke &
Ayeeae A7 E Hol, 32E AAe H4Y
a3k bk 2 ol 8 el g o s
BABR AN Awe] wrhsste R
4 Qo
AAAR ez FARAYESH 7]
gto] g o8 Fop whaA wE s vt
7t e oy AYES A5 stn o
of AA] oA EAFrHE HHAAM £A
< Bele 2ol 2o wolt). 58] WA
dolr FHAS Ee FagAs 84
AgA A o Tojdhe Hrrate wAe
B9s FEst=d 8T 8¢ €
F glon @x7A] Agd A
Azl YEA A o] DAZE B 53 o
AEEAA 3o ZAS= DAZH7}
v B § Stk 28R dA 9
2o FRAA EgAReg x4

-
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 Addde 35 3 Bl Y 4
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