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Kallmann syndrome(KS) DE{ZFEE &
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1) Relevant to Kallmann syn.
ANOS1/KAL1, FGFR1/KLA2, PROKR2/KAL3, PROK2/KAL4, CHD7/KAL5, FGF8/KAL6
2)Relevant to Kallmann syn. and iHH
WDR11, GNRH1, GNRHR, HS6ST1, KISS1, KISS1IR, SEMAS3A, IL17RD, TAC3, TACR3,
SOX2, SOX3, SOX10
3) Relevant to iHH
FSHB, HESX1, LEP, LEPR, LHB, LHX3, LHX4, NELFE, NROB1, OTX2, POU1F1/PIT1,
PROP1, GLI2
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1) Relevant to Kallmann syn.
ANOS1/KAL1, FGFR1/KLA2, PROKR2/KAL3, PROK2/KAL4, CHD7/KAL5, FGF8/KAL6
2)Relevant to Kallmann syn. and iHH
WDR11, GNRH1, GNRHR, HS65T1, KISS1, KISS1R, SEMA3A, IL17RD, TAC3, TACR3,
SOX2, SOX3, SOX10
3) Relevant to iHH
FSHB, HESX1, LEP, LEPR, LHB, LHX3, LHX4, NELF, NROB1, OTX2, POU1F1/PIT1,
PROP1, GLI2
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A. Candidate genes relevant to Kallmann syndrome and their characteristics

Candidate Genes

Encoding proteins

Chromosomal Location

Diseases relevance of genetic abnormalities

Xp22.3
ANO]/KAL] gene anosmin 1 P Kallmann syndrome
b.p: 8,528,874 to 8,732,187
fibroblast growth factor receptor 1 8pll1.23 1. Kallmann syndrome
FGFR1/KAL2 gene
b.p: 38,411,138 to 38,468,834 2. Encephalocraniocutaneous lipomatosis
20p12.3
PROKR2/KAL3 gene prokineticin 2 receptor 1. Kallmann syndrome
b.p: 5,299,874 to 5,317,547
3pl3
PROK2/KAL4 gene prokineticin 2 1. Kallmann syndrome
b.p: 71,771,655 to 71,785, 206
chromodomain helicase DNA 8ql2.2 1. Kallmann syndrome
CHD7/KAL5 gene o .
binding protein 7 b.p: 60,678,744 to 60,868,028 2. CHARGE syndrome
) 10q24.32 1. Kallmann syndrome
FGF8/KAL6 gene fibrobrast growth factor 8
b.p: 101,770,130 to 101,780,369 2. Nonsyndromic holoposencephaly




B. Candidate genes relevant to Kallmann syndrome

and Hypopgonadotropic Hypogonadism, and their charactaristics

Encoding proteins

Chromosomal Location

Diseases relevance of genetic abnormalities

) 10g26.12 1. Kallmann syndrome
1 WDRI11 gene WD repeat domain 11
b.p: 120,851,175 to 120,909,526 2. Hypogonadotropic hypogonadism 14 (HH 14)
2 GNRHR gene gonadotropin releasing hormone 4q13.2 Hypogonadotoropic hypogonadism 7 with or without anosmia
receptor b.p: 67,737,375 to 67,756,086 (HH7)
2q14.3 i i i i i
3 HS6ST1 gene heparin sulfate 6-0-sulfo-trsferase 1 q Hypogonadotoropic hypogonadism 15 with or without anosmia
b.p: 128,265,479 to 128,318,596  (HH15)
1g32.1 H ich ism 13 with ith
4 KISS1 gene Kiss-1 metastasis-suppressor q ypogonadotoropic hypogonadism 13 with or without
b.p: 204,190,341 to 204,196,491  anosmia (HH 13)
5 KISSIR gene Kiss1 receptor 19p13.3 Hypogonadotoropic hypogonadism 8 with or without anosmia
b.p: 916.693 to 921,015 (HHS)
. 7q921.11 1. Kallmann syndrome
6 SEMA3A gene semaphorin 3A
b.p: 83,965,846 to 84,492,724 2. Hypogonadotropic hypogonadism 16 (HH 16)
. . 3pl4.3 1. Kallmann syndrome
7 IL17RD gene interleukin 17 receptor D
b.p: 57,089,982 to 57,170,317 2. Hypogonadotropic hypogonadism 17 (HH 17)
8 TAC3 gene tahykinin 3 12g13.3 Hypogonadotoropic hypogonadism 10 with or without anosmia
b.p: 57,009,997 to 57,016,560 (HH 10)
9 TACR3 gene tahykinin 3 receptor 4q24 Hypogonadotoropic hypogonadism 11 with or without anosmia
b.p: 103,589,468 to 103,719,816  (HH 11)
22q13.1 1. Kall d
10 SOX10 gene SRY-box 10 i amann syndrome

b.p 37,972,312 to 37,984,532

2. Waardenburg syndrome




C. Candidate genes relevant to Hypogonadotropic Hypogonadism and their characteristics

Candidate Genes

Encoding proteins

Chromosomal Location

Diseases relevance of genetic abnormalities

3pll.2 Pituitary hormone deficiency, combined 1
1 POUIF1/PIT-1gene POU class 1 homeobox 1
b.p: 87,259,633 to 87,276,587 (Pit-1 deficiency)
2q14.2 1. Nonsyndromic holoprosencephal
2 GL/2 gene GLI family zinc finger 2 i y P phaty
b.p: 120,797,291 to 120,992,653 2. Combined pituitary hormone deficiency
follicle stimulating hormone beta 11p14.1 Hypogonadotoropic hypogonadism 24 without anosmia
3 FSHB gene
subunit b.p: 30,231,016 to 30,235,277 (HH24)
4 GNRHI gene gonadotropin releasing hormone 1 8p21.2 Hypogonadotoropic hypogonadism 7 without anosmia (HH7)
b.p: 25,419,258 to 25,425,040
3p14.3 1. Combined pituitary hormone deficiency
5 HESXI gene HESX homeobox 1 - -
b.p: 57,197,838 to 57,227,643 2. Septo-optic dysplasia
7932 1. Congenital leptin deficienc
6 LEP gene leptin q & P Y
b.p:128,.241,201 to 128,258,629 2. Hypogoandotrpic hypogonadism
1p31.3 1. Leptine receptor deficienc
7 LEPR gene leptin receptor P P P y
b.p: 65,420652 to 65,637,493 2. Hypogoandotrpic hypogonadism
19g13.33 H dot ich dism 23 without i
8 LHB gene luteinizing hormone beta polypeptide k. ypogonadotoropic hypogonadism without anosmia
b.p: 49,015,980 to 49,017,090 (HH23)
9934.3 o - .
9 LHX3 gene LIM homeobox 3 Pituitary hormone deficiency, combined 3 (CPHD3)
136,196,259 to 136,205,129
1g25.2 L . )
10 LHX4 gene LIM homeobox 4 Pituitary hormone deficiency, combined 4 (CPHD4)
b.p: 180,228,372 to 180,278,982
) 9934.3 . .
11 NELF gene nasal embryonic LH-RH factor Hypogonadotropic hypogonadism (IHH)
b.p: 137,47,570 to 137,459,357
nuclear receptor subfamily 0 groupB Xp21.2 1. X-linked congenital adrenal hypoplasia
12 NROBI gene P yoeroup P & ypop
member 1 b.p: 30,304,206 to 30,309,598 2. Hypogonadotropic hypogonadism (IHH)
. 14qg22.3 1. Combined pituitary hormone deficiency
13 OTX2 gene orthodenticle homeobox 2 - -
56,800,707 to 56,810,476 2. Septo-optic dysplasia
) ) 5935.3 ) - .
14 PROPI gene PROP paired-like homobox 1 Combined pituitary hormone deficiency
b.p: 177,992,235 to 177,996,242
3026.33 1. Combined pituitary hormone deficienc
15 SOX2 gene SRY-box 2 a P y y
b.p: 181,711,924 to 181,714,436 2. Septo-optic dysplasia
Xq27.1 1. Panhypopituitarism X-linked
16 SOX3 gene SRY-box 3 d ypoprturar :
b.p: 140,502,987 to 140,505,060 2. 46,XX testicular disorder of sex development




31 Kallmann syndrome cases and their characteristics and gene abnormalities (analyzed in 26 cases)

Testes volum

other hormonal

No. Patients&Il.D. Age Sex Anosmia R/L mi clinical problems Te(ng/d)/E2(pg/ml)  basal LH peak LH basal FSH peak FSH abnormality gene abnormality
1 FT.51975 11 m Anosmia 3ml/3ml  Uncul with Kallmann synd. 17.9 <0.1 0.7 0.2 1.4 no ANOS1(KAL1)
2 F.H.51843 1 Anosmia 1ml/(0.5) r-retentio testis 5 0.4 4 0.3 3.2 no ANOS1(KAL1)
3 N.M. 40141 15 m Anosmia oml/2ml r-renal aplasia 0.5 4.9 - 2.3 - no ANOS1(KALI)
4 Y.N. 52577 31  m Anosmia 8ml/8ml  with history of Te. Therapy 87.4 <0.1 0.8 0.2 1.1 no ANOSI(KALI)
5 kY5168 13 f Anosmia * n.p 8.4 0.1 0.9 0.5 3.2 no FGFRI(KALZ2)
6 L.U. 52651 21 m Anosrmia 4m/4ml n.p 37.2 1.2 8.6 1.8 3.8 no FGFRI1(KAL2)
7 KU. 52676 29 f Anosmia * n.p <5.0 0.2 2.6 1.7 4.8 no FGFRI(KALZ)
8 GS.52917 15 m Anosmia 3ml/3ml n.p 7.5 0.7 9.4 2.9 11 no FGFR1(KAL2)
9 S. M. 52574 25 f Anosmia * with hisitory of Kauffmann 9.1 0.1 - 0.1 - no FGFRI1(KAL2)
10 D .M. 52428 30 f Anosmia * with hisitory of Kauffmann 0.5 0.3 - 1.4 - no PROKR2(KAL3)
11  MmrT51238 15 m Anosmia 1ml/1ml n.p. 54.4 <0.1 0.8 0.3 2.2 no PROKR2(KAL3)
12 LY.51613 15 m Anosmia 3ml/3ml n.p. 24.1 0.4 - 1.1 - no CHD7(KALS)
13 K.H. 51620 15 m Anosmia 3ml/3ml n.p. 16.4 <0.1 0.7 0.1 1.4 no ILI7RD
14 T.K. 31961 29 m Anosmia * with complete deafness already diagnosed as Kallmann syndrome in other clinic no GLI?

15 0.5. 52186 27 m Anosmia 3ml/34ml L-deafness 24.3 0.1 2.5 0.4 2.7 no So0x10
16 S.T. 50904 27 m Anosmia 4mk/4ml n.p. 20.9 0.3 - 0.1 - no WDR11
17  UH. 218720 21  m Anosmia 4ml/4ml  with history of Te. Therapy 10 0.5 5.2 1.4 3.1 no no abnormality
18 Y.H. 51699 45 m Anosmia 4ml/4ml brother of case No. 6 20.1 0.1 2 0.4 1.4 no no abnormality
19 U.S. 51901 56  m Anosmia 5mm/5ml  with history of Te. Therapy 26.9 0.8 5.8 1.4 3.5 Adult GHD no abnormality
20 K.K. 36233 25 m Anosmia 2ml/3ml n.p. freeTe <0.6pg/ml 0.6 5.8 1.1 4.1 no no abnormality
21 K.N. 51241 37 m Anosmia 3ml/5ml  with history of Te. Therapy 50.7 0.6 4.9 0.8 3.1 no no abnormality
22 AN.52278 20 f Anosmia * with hisitory of Kauffmann 8.5 0.5 4.8 1.1 6.7 no no abnormality
23 T.G. 52217 20 m Anosmia 3ml/4ml n.p. 26.3 0.1 0.2 0.1 1.1 no no abnormality
24 K.K.51375 18 m Anosmia 4ml/4ml n.p. 18.6 0.2 4 0.5 2.8 with Primary Hypo. no abnormality
25 1.S. 40675 44 m Anosmia 4ml/4ml n.p. 225 0.1 1.9 0.6 2.3 no no abnormality
26 U.S. 51726 39 m Anosmia 4ml/4ml n.p. in Te therapy 6.1 25.8 5.9 10.1 with Klinefelter no abnormality
27 Y.T. 52750 37 m Anosmia 6ml/6ml n.p. 25.0 0.4 4.4 0.6 2.2 no in analysis
28 G.K. 51866 27 m Anosmia 5ml/5ml n.p 26.4 1.2 9.7 1.8 4.7 no in analysis
29 AN. 52813 2 m Anosmia 5ml/5ml  with history of Te. Therapy 41.2 0.2 2.8 0.4 2.1 no in analysis
30 R.T. 52831 24 f Anosmia x with hisitory of Kauffmann 6.2 0.1 0.6 0.5 0.9 no in analysis
31 AY. 52870 47 f Anosmia * with hisitory of Kauffmann  in E2 therapy 0.1 1.4 0.6 2.3 no in analysis




Case 1

ANOST(KAL 1) exon 6
c./85G>C
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GRCh37/hg19)
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0.Arg262Pro

chrX:8553379G>C
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Case 3

7787: Kallmann SE{Z &
KAL1 exon1, ¢.196C>T, p.GIn66X (chrX: 8699882 C>T)

The 1000 Genome Project: Not Registered
ExAC: Not Registered
HGVD(H R AN Z & F7—2~R—X) Not Registered



Case 4

FGFR1 EX7
6956:KallmannfE{xEf

E & & ¢ ¢ T & 1 T ¢ ©
normal allele ﬁ 75
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T A A C T A T C G G

mutant allele Z/\

e i SONGE /\\/\M

Exon9, ¢c.1130_1131del, p.Ser377Tyrfs*61
Chr8: 38279358 38279359 delAG
rs727505371(With Likely pathogenic allele)

EXAC: not registered, 1000Genome: not registered
HGVD: not registered



Case 10

7786: Kallmann fE{&Ef

PROKR?Z2 exon2, ¢.533G>C, p.Trp178Ser, (chr20:5283308C>G)
rs201835496, HGMD CM065406

TTES PROKR2Z EX2 F Fragment bases #33-102
7786-F
avka—)L-F
malaion B predicied 1o e FROBABLY DAMAGING  with a scote of 1,000 (senstry. 0,00, specificiy. 1.00) The 1000 Genome Project
0 e [ 1) (UK ) o608 .. B0 1.0 1/5008

EXAC 22/121378
HGVD(AAR A ZEIFT—2~R—X)
1/1140



Case 12

7230 CHD7 exon 10
€.2721_2723delGTG, p.del908Trp
(chr8:61734372_61734374delGTG)

o w1 1 e L
1000Genome: B EREL
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Case 13

7083 KallmannfE{x%;
IL17RD c.987A>G, p.lle329Met
rs143634778 (Chr3 57135384 T1>C )

_ﬂ_ﬁ_l_m T FI T l C IT IZ H l T H -
7083-F s g A i The 1000 Genome Project:
. il M 1/5008
 ———————— ,
7083-R B A s EXAC: 2/80116
el 0 O O S HGVD(AARA SR F—4R—2):
8/881

avkO—ILF™ P A

avko—nR A N N A

This mutation is predicted to be PROBABLY DAMAGING  with a score of 0.989 (sensitivity. 0.72; specificity. 0.97)
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Case 14

7098 GLI2
c.131C>T, p.Ala44Val rs200095340
(chr2:1 2,1,.5‘5,59.27C>T)

7008F  Hh—t et el The 1000 Genome Project:
e y 4 !\ 1/5008
g by w0 .

I 1 EXAC: 18/119824
VAYAYAVAY.S YAV YV YA HGVD(BAASET—E~—2):

7/1075

arkA—JL-F

axk0—)L-R

This mutation s predicted lo be PROBABLY DAMAGING with a score of 0.978 (sensitivity: 0.76; specificity. 0.96)

0,00 0,20 0.40 0,60 0.80 1,00




Case 15

7177 SOX10 exon3
c.475C>T, p.Argl59Trp
(chr22:383740966>A)

T1TTF 1000Genome: ZERHEL
R . EXAC: TEREEL

, \

.;./D\/;\,; /\ AMM\/\ /w\/\ HGVD: B iREL
ConF ’ et (Bﬁk@ﬁ!T—g&_z)

~/ AVAVATATAE
————1
ConR 3 N A EAREETA
— " M-CAP: Possibly Pathogenic

This muialion 5 predicled iobe FROBABLY DAMAGING with a score of 1.000 (sensilbvily. 0.00; specificity. 1.00) Scor-e: G‘543

l - PolyPhen2: Probably Damaging
Score: 1.00

0,00 020 D0 060 .80 1.00




Case 16

5999 KS/CHH
WORII exon 26, c.3226G=A, p.AlalO/aThr
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Testicular volume of Kallmann syndrome cases on diagnosis
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