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ABSTRACT

Background: Kallmann’s syndrome is related to the defect in migration of olfactory neuron and
GnRH neuron from the olfactory placode to the brain and it represents hypogonadism with anosmia
or hyposmia. There are 3 modes of transmission in Kallmann’s syndrome: X-linked, autosomal
recessive and autosomal dominant. X-linked form is the most common. KAL gene is responsible for
the X-linked form of Kallmann’s syndrome and it had been localized to Xp22.3. The intron-exon
organization had been determined and KAL gene mutation had also been identified in familial
Kallmann’s syndrome and it is very rare and shows heterogeneity. Furthermore, in the sporadic
cases, KAL gene mutation is more rare.

Methods: In order to investigate the KAL gene mutation and the regulation of the gene
expression in Kallmann’s syndrome, we examined genomic DNA of 35 patients with sporadic
Kallmann’s syndrome. In the exon 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 of KAL gene and 1, 2, 3 of GnRH
receptor gene, the mutations were analyzed by PCR-based DNA sequencing.

Results: In our study, the mutation of KAL gene and GnRH receptor gene was not identified in

the studied exons that were known as preferable sites of the mutation.
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Conclusion: The mutation of KAL gene and GnRH receptor gene is rare, and it might be needed

to investigate mutations in other genes or in other part of the KAL gene such as intron or promoter

region (J Kor Soc Endocrinol 14:645-656, 1999).
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PRS2 AR ER] AAV1sids
o] F¥ZF e F5 At SkEe] Vet
= F4173 Aslolw, 185613 Maestre de San Juan®)
FRAEA o] AHHog ngka} §Ho] f1&=lo] Q)
o] FAlol] 37 (olfactory bulb)e} 34 (olfactory
tract)o] gl A7t HeoE 71, 194410
Kallmann Sol] 9J3l 29 7}ZA4 (familial) A7}
Hasoel1]. A7 AFe Aldsliald 44
AS3EE FEl5 22 (GnRH) 9] 54 Eulvt 15
slod A7) ZAola2], FFFL 7o 4] W
57 (agenesis) M FAEA (hypoplasia)@t Hzlo]
U= Ao A[3,4], FEolXe 2 HRE 2)s
I} A7) iAol AE=e] $ACH5,6,7]. o
2] F (species)& thheZ 3 WAy 7§ vig
©Z %3 (olfactory placode)ol|4] 7]Qsl= A=
32¥ fel3=E ¥4 4179 (GnRH synthesizing
neuron)o] T Z ¥sh= 324} (olfactory axon)Ed}
29 454 7 Z (common migratory pathway)E
TRe] ¥zl 0]1%(8,9,10,11,12], ol2ldt A4S
FeE fElZEf AYSE 320739 (olfactory
neuron)o]| FF ZAZE o|F+ o|3) (migration)ol] A
3] = Aoz geiA gicHi13).

REFTZ iR AR (sporadic) 2.2 iR}
Auk, 7154 Aol A 94, oA o
4, A4 B (X-linked) 184S HologA
[1,14,15,16,17] #H& 3702] 2329 (genetic loci)7}
ol ¢EA glow, HhEEL dA 10,00049, o
2} 50,0007 1722 o] IeH18]. 58l 71=F d=}
oAlA gol Yehle Ao 353 + Rel 44
A B FAe] 7hg He) KasE s Qlek §3%4

o] THEE Y SHRIAE gobd LRk Aol
Alo] BUdX s Bag v 9 19], Sdg 493 A
32 7R 71 WellAE FE-F (synkinesis)o|L}
A} Wh3-5 (renal agenesis) 52| vhejdt o] &
ZHECH20). Zakgeatel A A 23 map-
ping)7} A1) o] Foiz|R] b2 delellA] Ak
o] XY} A G2 At PolA Udw
A5 JANME, Ad A PR deire o8 A
Hel SIS (pedigree) B48 B3 FEY Ax3p}
7Vs3stAl El9ia21], 7<= X X3} (deletion mapping)
of] 7|25 & positional cloning strategy & o]-83}o]
KAL fHAE Felslich22,23,24]. o] {4719
sequence H-4-8- %3l intron-axon Z3¥} Il ZHAE
A3[25], 14 coding exono E Fo] o] ylslz e
], KAL %}l anti-protease7]=#} cell-adhesion”]
5+ 7 AlES] 713 AEsle] Uizt gt o)}
A, A% AEE Fslo] Xp22.3%-9ellA steroid
sulphatase (sts) -F-%12ke] T9 5ol A A=A 2
ol &7 A9 (initial assignment)7} gl.o
w{26], positional cloningg %3le] ZqF Z%F9)
complementary DNAQl KALIG-1 (Kallmann syn-
drome interval gene-1), = ADMLX (adhesion
molecule-like from X chromosome) %312]—3} Hix]
+ critical intervalo] ¥1x]gicH22,23]. KAL $-A=}
o] 22 50| ZA) (promoter) = WslAA, HHH
©7 sh}e] CCAAT box, F 719 GC box, 18lx
719 AP2-7Z33H91E 71 9l KAL promoter
(PKAL)E X 3159rH27).

S04 AGUAFEZEY PA7ISRZ (dio-
pathic hypogonadotropic hypogonadism) $kA}el|lA&=
FFgol WEEA gk, o7lelke 709 tran-
smembrane 248 7}2 G-protein-coupled §~8-x)|Q]
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Table 1. Oligonucleotides Used for Amplification of the KAL Gene

Exon PCR primers (5°-3") Amplified product (bp)

1 CCTCGCCCTCGCCCTCGACCCGCAG 329
GAACTTTGCGAGCCCAGGCTGGGAG

2 TTGGAAGGGAAGGACAGCAGG 230
GCACCATTCATACAGGTATAG

3 TCTCAGCTTTGTTTGTTTCCA 174
CGTAAGCATAGTCAGATTTGG

4 ATGTCTTGGAAATCAGACTTC 334
ATGTGACACTGCATGTGTCTT

5 CAGATTGTTTTAATTGATACG 267
GCAGACACTACCTCCAGGATG

6 AGTGACATGTTCCCTGTGCTC 139
CTGGTAGCAAGGATAGTATTC

7 ATGATGTGTCTTTGTACTGGG 269
TGGGAATAACAATCCTTCCTC

8 GACGTGGAAGGTTTGTAACGC 237
ATCATGTCACAATCATCTTGA

9 TGCCCAGGAATCTATAATTAC 266
ACTATCTCTATATTACTGTGC

10 ACCTGGAATGTAACATCCAGC 293
ACCATTCTGCTTTCCACTTCC

11 AATATGATTTCAATTCTTGCC
GATGTAGAAGTCCTTCAGGTG
12 TCTCCAGTCGCCTAATCCTGG

CCAATGACACAGACATAGTAC

13 GTGCATTGCATGTTGTCTCTG
TGACAGGATGGCTTAATGCCC

14  ATGTTACTGACATATTTTGTC
GGCCGAAGTTCAACAAGCTTA

272

302

241

147

HAATEER SelveE eAll BY SHR
(GnRH receptor gene)7} #alo] ¢loni[28,29,30,31],
1995\ Ae] A4AFI2E felEEE 8l
3l §3A] cloning, genomes] 3L, dAA)|e] A
ARS7F Harxjo][32], 491 AAA|e] Aol $1X]3)
3 3lar, 3709 exonoZ FAER] gel vzt
[32,33]. 7154 ARIE 7|28 slo] KAL {32
RAAZZEE SRR gl B AR

Edel7l R 21H34,35,36]) wh¢- =gn ookt
Fhe Holx glow, vie] Y Auleld: &
% ] =t

B Aol Fljelld] ofF7kA] Hadl v} gle
kgt $12152] DNA sequencingS 58] KAL
Az AAASTER fFeieR el W3
AL EdwelE Rl R} 3l9ir)

_647_



— URhAEN|EIR): A 14 F A4 Z 1999 -

Table 2. Oligonucleotides Used for Amplification of the GnRH Receptor Gene

Exon PCR primers (5°-3")
1 sense ACACAGAAGAAAGAGAAAGGG
antisense AGACCTTATATCAAATTTAGATAGGA
3 sense CACCTCTCTTTTCTCTATCCAACA
antisense ACATTTGTGTTAATCATTCCCAGA

Fig. 1. Agarose gel electrophoresis of the GnRH
receptor gene.
I : standard marker, II: exon 1, Il: exon 2, IV:
exon 3, »: 400bp

CHAH S W

] BVEEE VAT OpeE dw, olF
& 7154 Al ol A Aeiich

Dr. GenTLE kit (TAKARA)E Ah&3}0] $haje] &
Holl#] genomic DNAE F-2sled, PCR (polymerase
chain reaction) Z=F-& ¥ ¥ PCR-based DNA
sequencing-& 3}%ir}. Flanking intronic sequence]
22| 28443 (oligonucleotide) & primer2 sl z}z+
& 519 =), KAL 34 PCRoll A&
¥ 2e|udaed primerE2] sequencet- Table 137} 7+
I, ARSI ER fR|S 28 87 A3t Az}
PCRo|| Ag5 ge|lmaiiled primerEe) sequence:
Table 29} 7t} PCR Z=%-2- 94 denaturation 1%,
S 13]2 &}

55 annealing 14, 72C extension 158

Fig. 2. PCR product of the exon 5(267bp) in KAL
gene.

~: preferable site of G/A transition(position
861)

o F 303 Algeiict

gPduR] A A71edg el o3l e B A
717F &= Fig. 12 AAAS3I2E felie
E EAlel Bt AR oigt AR, EF FA4
Z}ZA] 100bp ladder DNA (broneer)& AR831ich
(KAL) Ao Hodx|A] ofgkeh).

DNA sequencing® Owl‘s aluminum backed
sequencing system (Owl Scientific, Inc.)-& A83]%)
al, @-33P labeled nucleotides with the Sequi-
ThermEXCELTM II DNA sequencing kit (Ericentre
Technologies) 2] protocolol] whskc}

24

35%e] UEET PR BRI KAL $Hx9}
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Exon 6

Fig. 3. PCR product of the exon 6(139bp) in KAL
gene.
I»: preferable site of C/T transition(position
919), 2»: preferable site of G/A
transition(position 924), 3»: preferable site of
T/A transition(position 951), 4»: preferable site
of C deletion(position 981)

HAATEEE GelEeE gl B ARl
DNA sequenced AHHE A} o] A% <37]%]
3} (base transition), k37| < (single base dele-
tion)olu} w3 7] A1) (single base insertion) $<] &
adulol= =] gtk

fig. 4. PCR product of the exon 7(269bp) in KAL
gene.
»: preferable site of A insertion(position 1166)

2>

Fig. 5. PCR product of the exon 9(266bp) in KAL
gene.

I»: preferable site of C/T transition(position 1411),

2»: preferable site of C/T transition(position 1417)

1. KAL #8XIQ &80 &4
Exon 5 (267 bp)2] PCR 4H&5-& Asjnm i
8610l|4] guanine} adenine®] G to A I7|X)3S
Zh=)A] et} (Fig. 2).
Exon 6 (139 bp)ollA|%. C919—T, G924—A, T951
—AES] dite] wishe A=A ekghar, 9819)Xo
A1) ged7] AE (O)% HeolA| eigirl (Fig. 3).
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Fig. 6. PCR product of the exon 1(405bp) in GnRH
receptor gene.
»: preferable site of G/A transition(position
106)

Exon 7 (269 bp)<] 116691X]ol4 1bp 4] (A)&
glgl.om (Fig. 4), exon 9 (266 bp)2) 1411, 1417 $1%)
odME C to T 232 JA=A] ofgket (Fig. 5).

2. M= =E RaSEE (0
25t FEXL FHHO| BN

Exon 1 (405 bp)2] PCR AMEEoll4] 1069]%]9] G
to A X]3lolu}, exon 3 (348 bp)ollA] 26298]%]9] A to
G Zgh2 #AHA] ekghcl (Fig. 6,7).

o &

RS 2Rl gt ofe] Al Bt A E
A BA7 e FAST FFEEe] Sl HEd Bl |
17} olfoiziek &S At s AVs
o] AZBAPE g0l 2:adRE] dviA I,
o] Fof| F7HAIRL AAAFZER felEa g AW
FulA] Aold] wmelzl gel Weizlch AF
(89,37, f%Foll10], E{11,12,38,39,40], <%
(mewp[41], AFHA2lE AUE & WA ATES
e o) AAFZEE JRs R A AHYE
o] elAAI7]ol F439] (olfactory epithelium)oilA] |5
otz Z1E ASkeh HellAe o34 AAAFEE

Fig. 7. PCR product of the exon 3(348bp) in GnRH
receptor gene.
=: preferable site of A/G transition(position
262)

< frel3ad At FA%E webs] Ealshe v
ofi[11], EFFENAE F2 AR (vomeronasal
nerve)e} FA7 (terminal nerve)®] 7}7tolollA] b
ZA”CH37]. A AAAFTIEEE fel3EE P A
7392 ANt Yol HMH (preoptic area)$}
A galtol] EdsiA| ek o3t AnER Hol
TREFTe 5 7HA] Aol AT AAAEEE
 frelEeE 34 AU wdabel Aozt sick
© 7H8& s =Hdck
ARSI GRS I3 Xp AEE 7R 19F
2 Hdete] A4, AAAEEER feliaR
AEe} FFTARYE o AujAAELS) 45T Eo]
F4uig wWgtor} Mol ZeA gk WY
(upper nasal area)e]] E&=]o] QIIcH13]. o] Aol
A A B Aukgde] WA Aelrh
ollr]e] FAUH AAAFZEE Rele=E ¢
A A79Q9 7] E3dAY Aot o, HE 7}
€ 729 Aol 4A & Fck
TRETe] 7S AR A 4, i
A G4, A8 #H K194 349 e 83
Hellg Holw, Zuradge] WelEel JAzixle] 24
37He) A7t SRRt HakA] wERl e
positional cloning strategy£ o]8&t AldA] T
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F2(KALIG-1)9] cloning®} sequencing A Xolc}
[22,23,35]. KAL 9-9A1= 14702) exong 7}A2 91
3, 680 op|:=At whillg QFdlsln, hydrophobic
transmembrane 593 (domain)oJi} glycosylphosphati-
dylinositol anchorage”} {iv- Zdo] whsiZ A|Ee] o}
ot} N-terminal2 cysteined o] X3l
serine protease A 2H&-& 7FA|= ofE] AL whiE
I} Tl whey acidic protein (WAP) 4-disulfide
core compact”} 9lo] ‘four-disulfide core’ H-Jeo)z}
B2]31[43,44], carboxy-terminal®] 2/33 %] 34}9]
ot F4E7e) 43AEE SARE TAG-
axonin-1, L1, F3/F11 5€] neural cell adhesion
molecule?} FY3gt 4742 fibronectin type I repeat
2 F3helw QuH254546]. Wb KAL S0l
o)l FEBEE= il protease A A] 21-8{47,48,49]
3} adhesion 7155012 X3l ofE] 715S 71
AZS) 7)HoleHs1]

e E7) KAL $97 wide] BRe A
KAL c¢DNA #A]2Hprobe)E ©]82%} southern blot
analysisol] 2J3l] A==k ) ER5-EH F 5ol
4] cross hybridizationo] $#4=]9f 0m[38], Akl ok
izl 75% 5Ugt wid-& 714 KAL orthologuer} %
7 v} l(quail)olld Eel=Iel52,53]. Hoilld =l
opibet F]te] KAL -8zl E¥ell ts}od in situ
hybridizationS E3) &7} o]F0}%r}{38,39,53].
o7 24 RE| 8U7EA] KAL RARNE ot Wiuled,
Zoied, 2 e 1ENA Ee] EAME o}
7] 8AHElE F7e] SEME(mitral cel)F E3t
54 Aol T3kxle] VR, 1 o]eol] 4]
°] Purkinje AI¥E B AEH 97
(primordium), ectostriatum, AXFA7AQ] SEA|Fsl,
wekE, gl Alot(limb  bud), F-4lmeson-
ephros), %Al (metanephros), ¢Hd 714 (mesen-
chyme), =} Solli F¥Ht o] REL AA W
S5, B 45TF 55 ARk d3E 3
3} o] gl oleidt 5 (spatio-temporal) ¥
FHEER v]Fo] Hol KAL F3A= Aefgh=ql 73
7} ozl A73EHH]1 E3le} AEoll Aol AoE
Azt

Age] glopibdell Al 914l 83 uflel] KALIG-19]
FollA ehdel. Nested RT-PCR W& o] 85}
KALIG-1 mRNAE Zgollie Hol=dl|, $4H4) %
AellAle YA ARA] At 2T $RllA
= vlAAAR) =A% <24} (corticospinal  decus-
sation)7} HEHEICHS4,55]. Wb SA¥G WA
KALIG-10] Hasps, A3 T5-5°] el
Aoz Az

TR $RlolA] QARSI 2R AHA0TE
FRZoh} 792 e 559 AFLSL wkey]
vehta, o oolelel] AMA & FE-2E (mirror
hand movement)?} UZFA Al MHEEA-L- AJd A
B e SRl H_Ivh36,56,57]. A4
A # EETe] Xp22 38908 T A &
Azlel 4l A9 oA (ichthyosis), 412
(mental retardation), AFHF-S-HA (chondrodyspla-
sia), 22 AlA(short stature), QFFulAHZ: (ocular
albinism) Fo| gHi=le} vebd 5= ok Y, F
H|E i (choanal atresia), UFA ZHZH1BAIA
(sensoryneural deafness), Z2 F, FEYupHsE
(chorioretinal coloboma), AlAfo} =5 Q= (pes
cavus) 52 AN [APYYE opzt v FHA S
EFTa A Al s Jehde ddeRd
E0]vH16,56,58,59,60,61,62]. o]t oFAlEo] ol
3 7|3HIA), ohm o] ZEFe] YRR o}
2 EHskA gk AEagh (eryptorchidism)S B2E
ARAANTZERA A7 e HATA BolR|eh, &
3ol B wIEE JeRdar 9lat B A9
A B AEFTely eg g Hole3], A4
ARNSZ 2R BA7eASe] 359 el
&5 3 gk

KALIG-1 ko] cieksl 8k COS-7 AT
(transient  transfection), CHO cell line (stable

L=
[+]

transfection), coupled system (non-glycosylated 76
Kd ghil) Fofl vebgrk CHOSL COS-7 AEoil4
T ‘anosmin-1’¢]2} E2]= fully glycosylated 170 kD
thillo] odojFwl, o] AEL| 7R ZA A
Hollsl  FIzAEs o] YL potentially
diffusible 49 Kd C terminal E42 XHa|=c)l ol
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webs: dideg 3 dteiiie o Wdabgelly
thillo] glgo 2 Qs F¥zh5ol whisls 2o X
5| AMHe4], 259 ER-F9] anosmin-1 EE7}
2ok Ef vololdlel A A wbule) 2
ZE ol Zlo] Heazshtl In vive AFAE
anosmin-10] A|¥E9bol] Z4st o} heparan-sulfatase
proteoglycano] Fojgto] <UdeZl w}  lowm[65],
anosmin-19] 75l W5k QAFE A FePFelck
B ARSI ERA AArsAdFaie
FF7kge] JAEA] gedl, o] 8- A47eRE
AFNA 21 vt e AAAFITEE R g
Rl Eeleks sl =olck o gxjellAA
o] FAAll odo] gl 75 Wslol, ol2idt 7
S5 OE AT EE el el gl 9
g fRRe) 2%t Aeg AstA =dedl, HE T
7H2} transmembrane £3-& 7}% G-protein-coupled

$-8219lo] ulei%IrH28,29,30,31]. o] ~gxle] BA

3}2 ¢lall phospholipase C2] #Ax7} Zrlsla
G-protein®] Gg/G11 group2] ggke g AE) 2]
olFe] /N6 ALARAFI2E FelF2E ¢
Al B FARE 3702 exono® T 4
W daHle] Aolol] 9xJsl[32,33], o] fHAL] E
odHe]= Byl vl QIrh67].

o= llolld] ol2lx] Bl vl gl
ZNEET FAAK KAL {39l AARgsa
£ felsag gl 3t Aaxte] SddielE: &
olxy] g8l A A=lE tidez IR 3t
wo| ez okpjAl KAL 8&47+] exon 5, 6, 7, 99}
AT e feFar FEA) B3 fRR
exon 1, 3-& I Hoko) EolHol: WA= ¢k
ght}. BakEEFo] ohg- £ 449 Aslolsd, 1 &
ZAzle] Fguie] WA=} vl Y vjafslr] wiE
olg} Azt=lr) o KAL $-47k] promoter H-9]
VH27] 3| 28 Hx13,42] Bellae] Edulol
o thet Wdo] Wedt Ao Azt

2 o

ol ARl A HE vhe 34

AU QAR EE fRlEaE AU ol
Ao} e AoE, QA71eFAFel T e
Axgat gukEel vehdel AdedaA 94, A
AR 24, AdNA A A 37 8R1E
Aol glon o] F A FJAYo] 7 Hrh
KAL 8z A e Akgeag F2417]
+ ZeE Xp 22.30 Yx¥}kaL Q)L L intron-exon
o] z=gho] ZAAS Aeleln, 7154 AEFTollAY
KAL 5%} Eduel7t #ejzlcl ERueles mi$-
ZEa tefele, v go] A ARleldE s ol
R=R" =

U Aol KAL §3A8 AAAS3
EF fElzel gl gt Az el
FHE Pobr] S8l 357 A e
312}e] genomic DNAE zZARsIQIc) KAL -§-4A1€)
exon 3,4,5,6,7,8,9,10,11,12¢8} AAAZFI 22 Je|d
22 48490 F3 A% exon 1,3& DNA
sequencing-& -3 EAsigic)

#f: KAL §3A8F AAxSE2s felseg
gAloll B GAAE Exols] TR el
A1 exonSolle] Eadiolt BsIA gk,

UE: KAL $8A9 AdATE2E feliee
SgAoll Bt §771) Saiilo] HAMEE ohS o
At cieksie, ko F KAL §-379] promoter £-9v}
A T2F 4R Sollre] Eauolo] gt Fie]
Had Aog Azkdct

= |
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