9.

(®) o

Famnily Family F Family G Family H Sporadic

Mutation types Deletion Inversion Inversion Inversion

The promoter involved in

CYPI9AI overexpression DMXL2 CGNLI MAPK6 TMOD3 TLN2

Case Case 11 Case 12 Case13 Case 14 Case 15 Casel6 Casel17 Casel1l8 Case19 Case20 Case2ll  Case22 Case?23

Age at examination (year) 69 35 44 45 9 8 13 10 35 7 13 17 36

<Phenotypic findings>

Gynecomastia (tanner breast stage) Yest Yest Yes! Yest 2 3 3 3 Yes 3 5 N.E. Yes

Onmset of gynecomastia (year) ? ? ? ? 8 8 11 10 5 5 8 7 ?

Mastectomy (year) Yes! Yes' Yes' Yes' No No Yes(?3) Yes(?) Yes(16) No Yes (2) Yes (?) Yes(19)

Testis (ml) N.E. N.E. N.E. N.E. 2 1.5 2 2 N.E. N.E. N.E. Normal N.E.

Pubic hair (tanner stage) N.E. N.E. N.E. N.E. 1 1 2 1 Normal 1 2-3 (at21.0) N.E. N.E.

Facial hair N.E. N.E. N.E. N.E. Absent Absent Absent Absent Absent Absent N.E. Scarce N.E.

Height (SDS)? NE ~-15 ~-15 ~-15 +14 N.E. +2.0 +2.4 Short >+2.5 -1.6(at21.0) Short N.E.
R 145 : 13.0

Bone age (year) N.E. N.E. N.E. N.E. 12.5 13.0 15.0 (at12.5) N.E. (at 5.5) 17.0 N.E. N.E.

Fertility (spermatogenesis) Yes Yes Yes Yes ? ? ? ? Yes ? ? ? ?

<Endocrine findings>® B B B B B B B S B B B B S B

<At Dx> Stimulus

LH (mIU/mL) GnRH® 0.2 3.5 1.7 3.0 0.2 <0.1 2.6 63 1.5 1.7 0.1 2.6 10.0 4.3

LH (mIU/mL) GnRH (after priming)’

FSH (mIU/mL) GnRH® 1.4 2.3 0.8 0.8 1.4 0.5 0.8 1.2 1.2 1.5 0.3 <0.1 <0.1 2.7

FSH (mIU/mL) GnRH (after priming)*

Prolactin (ng/ml)

AA (ng/mL) 1.4 0.4 1.7 0.5 0.3 <03 09 15 1.3 0.8 0.3 24 09

T (ng/mL) hCGs 2.6 2.5 2.1 2.5 <0.1 <0.1 2.7 9.2 2.7 3.2 <0.1 1.2 3.8 23

DHT (ng/mL) 02 05

Inhibin B (pg/mL)

E; (pg/mL) 32 34 59 34 26 41 77 86 903 119 544 556

E; (pg/mL) 10 19 24 31 11 7 25 40 223 15 178 392

E,/T ratio (x10%) 3.8 7.6 114 124 9.3 14.8 69.6 148.3 170.4

SDS: standard deviation score; Dx: diagnosis; Tx: therapy; LH: luteinizing hormone; FSH: follicle stimulating hormone; A*A: androstenedione; T: testosterone; DHT: dihydrotestosterone;

E;: estrone; Ey: estradiol; GnRH: gonadotropin-releasing hormone; hCG: human chorionic gonadotroping N.E.: not examined; B: basal; and S: stimulated.

Abnormal clinical findings are boldfaced.

Abnormally low hormone values are boldfaced, and abnormally high hormone values are underlined.

2Bvaluated by age- and ethnicity-matched growth references; heights =+2.0 SD or below < —2.0 SD were regarded as abnormal.

b Assessed by the Tanner-Whitehouse 2 method standardized for Japanese or by the Greulich-Pyle method for Caucasians; bone age was assessed as advanced when it was accelerated a year or more.
“Evaluated by age-matched male reference data, except for inhibin B and E; that have been compared with data from 19 adult males.

dTreated with aromatase inhibitors (anastrozole).

¢GnRH 100 pg/m? (max. 100 ug) bolus i.v.; blood sampling at 0, 30, 60, 90, and 120 minutes.

fGnRH test after priming with GnRH 100 pig i.m. for 5 consecutive days.

8hCG 3000 IU/m? (max 5000 IU) i.m. for 3 consecutive days; blood sampling on days 1 and 4.

h Although Case 3 has not yet fathered a child, he has normal spermatogenesis with semen volume of 2.5 ml (reference value: >2 ml), sperm count of 105 X 105/m (>20 x 106/ml), total sperm count of 262.5 x
108 (>40 x 106), motile cells of 70% (>50%), and normal morphological sperms 77% (>30%).

These four patients allegedly had gynecomastia that required mastectomy (age unknown).

JThe sister has macromastia, large uterus, and irregular menses; the parental phenotype has not been described.

The conversion factor to the SI unit: LH 1.0 (IU/L), FSH 1.0 (IU/L), E1 3.699 (pmol/L), B, 3.671 (pmol/L), A*A 3.492 (nmol/L), and T 3.467 (nmol/L).

A3ofourmnopuy Jo [eUINO[ [BUONBULIU]
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gynecomastia, small testes with fairly preserved masculin-
ization, obvious or relative tall stature in childhood and
grossly normal or apparent short stature in adulthood,
and age-appropriate or variably advanced bone ages. Blood
endocrine studies revealed markedly elevated E; values and
E,/T ratios in all cases examined and normal or variably
elevated E, values. In addition, A*-androstenedione, T,
and dihydrotestosterone values were low or normal, and
human chorionic gonadotropin (hCG) test indicated normal
T responses. Notably, LH values were grossly normal at
the baseline and variably responded to GnRH stimulation,
whereas FSH values were low at the baseline and poorly
responded to GnRH stimulation even after preceding GnRH
priming, in all cases examined.

The severity of such clinical phenotypes is primarily de-
pendent on the underlying mechanisms (Table 1). They are
obviously mild in the duplication type, moderate in the
deletion type, and severe in the inversion type, except for
serum FSH values that remain suppressed irrespective of the
underlying mechanisms. Likewise, gynecomastia has been
reported to be ameliorated with 1mg/day of aromatase
inhibitor (anastrozole) in the duplication and the deletion
types and with 2-4 mg/day of anastrozole in the inversion

type [4]. '

5. Expression Pattern of CYP19A1 and
the Chimeric Genes as
One Phenotypic Determinant

Phenotypic severity is much milder in the duplication type
than in the deletion and the inversion types. This would
be explained by the tissue expression pattern of CYPI9AI
and the chimeric genes. Indeed, RT-PCR analysis using
normal human tissue samples revealed that CYPI9AI is
expressed only in a limited number of tissues such as
placenta, ovary, skin, and fat, while the five genes involved
in the formation of chimeric genes are widely expressed with
some degree of variation (Figure 3(b)). Therefore, it is likely
that the duplication types would simply increase CYPI9AI
transcription in native CYP19AI-expressing tissues, whereas
the deletion and the inversion types lead to CYPI9AI
overexpression in a range of tissues, because expression
patterns of chimeric genes are predicted to follow those of
the original genes. Furthermore, it is also likely that the
native CYPI9AI promoter is subject to negative feedback
by elevated estrogens [17], whereas such negative feedback
effect by estrogen is weak or even absent for the chimeric
genes in the deletion and the inversion types.

6. Structural Property of the Fused Exons as
Another Phenotypic Determinant

Phenotypic severity is also milder in the deletion type than
in the inversion types, despite a similar wide expression
pattern of genes involved in the chimeric gene formation
(Table 1, Figure 3(b)). In this context, it is noteworthy that
a translation start codon and a following coding region

7

are present on exon 1 of DMXL2 of the deletion type but
not on exons 1 of the chimeric genes of the inversion
types (Figure 3(a)). Thus, it is likely that DMXL2/CYP19A1
chimeric mRNAs transcribed by the DMXL2 promoter
preferentially recognize the natural start codon on DMXL2
exon 1 and undergo nonsense-mediated mRNA decay and
that rather exceptional chimeric mRNAs, which recognize
the start codon on CYPI9AI exon 2, are transcribed into
CYP19A1 protein. By contrast, such a phenomenon would
not be postulated for the inversion-mediated chimeric
mRNAs. Consistent with this, it has been shown that the
DMXL2/CYP19A1 chimeric mRNA is present only in 2-
5% of CYP19A1-containing transcripts from skin fibroblasts,
whereas the CGNLI/CYPI19A1 chimeric mRNA and the
TMOD3/CYPI9AI chimeric mRNA account for 89-100%
and 80% of transcripts from skin fibroblasts, respectively
[2,4].

In addition, the genomic structure caused by the rear-
rangements would affect efficiency of splicing between non-
coding exon(s) of neighboring genes and CYPI9A1 exon 2.
For example, in the inversion subtype 1, the physical distance
between CGNLI exon 1 and CYPI9AI exon 2 is short, and,
while a splice competition may be possible between exon 1 of
neighboring genes and original CYP19A1 exons 1, eight of 11
CYPI9A1 exons 1 including exon 1.4 have been disconnected
from CYP19A1 coding exons by inversion (Figure 3(a)). This
may also enhance the splicing efficiency between CGNLI
exon 1 and CYPI9AI exon 2 and thereby lead to relatively
severe overexpression of the CGNLI-CYPI9A1 chimeric
gene, although this hypothesis would not be applicable for
other chimeric genes.

7. Implication for
the Hypothalamus-Pituitary-Genadal
Axis Function

It is notable that a similar degree of FSH-dominant hypog-
onadotropic hypogonadism is observed in the three types,
although E; and E, values and E,/T ratios are much higher
in the inversion type than in the duplication and deletion
types (Table 1). In particular, FSH was severely suppressed
even after GnRH priming in the duplication type [4]. This
implies that a relatively mild excess of circulatory estrogens
can exert a strong negative feedback effect on FSH secretion
primarily at the pituitary. This would be consistent with
the results of animal studies that show strong inhibitory
effect of E; on transcription of FSH beta-subunit gene in the
pituitary cells and almost negligible effect on synthesis of LH
beta-subunit and secretion of LH [18, 19]. In this regard,
while T responses to hCG stimulation are normal in the
duplication and the deletion types and somewhat low in the
inversion type, this would be consistent with fairly preserved
LH secretion in the three types and markedly increased
estrogen values in the inversion type. In addition, whereas
fertility and spermatogenesis are normally preserved in the
three types, this would be explained by the FSH-dominant
hypogonadotropic hypogonadism, because FSH plays only a
minor role in male fertility (spermatogenesis) [20].



8. Conclusions

Current studies argue that AEXS is caused by overexpression
of CYP19A1 due to three different types of cryptic genomic
rearrangements including duplications, deletions, and inver-
sions. It seems that transcriptional activity and structural
property of the fused promoter constitutes the underlying
factor for the clinical variability in most features of AEXS
except for FSH-dominant hypogonadotropic hypogonadism.
Thus, AEXS represents a novel model for gain-of-function
mutation leading to human genetic disorders.
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A =

FEIRAOIC AEXS LBl s h/- B % 6 K% 1841
(RZRATF). RREGFAVA, BORRIZHE
AANTHD. BHEBELE, BEEPNI-ES
BESHLOLEERICE o TRE AL, LE
BEXOBER FRALBRBWIRRPEET
btz —EOEFTE, BESEETHI0E
EOSREMETRE B BERIIERE
FEBERELTV:. RABRSEOERYE (BT
BR) BEBEATW OFAVEVRET
i, MEIN-2EFICBWT, estrone () B
B, estradiol (Ep) / testosterone (T) Ik @ & &
DR LN, Fe, LHIE, ERETET 2R
%0 % {E Al C GnRH B 123 LB BAF 12 B
U725, FSH %, #BE{EME T GoRH o3t LIZ
BERS CTH o7z KBTI OB T,
CYPI9A1 mRNA B¥fnE 7 o< & — ¥ ERENE
TLEDHER S N

2] 5 &

1) CYP19A1 BAREEH OIS EETFIREN

AR DEBZFHETE, EVRBTEENE LY
F—MBEEERXIIBVWTERRINTVE, (¥
J4—hFavey b &BEDL, 4 5DNA
ABRIL, CYPIAIBREBTHLZ I VY
2-10 % PCR CHIR L7z, Z0OBEZEERTIR
BTV, TI/BELZEIEEOFEIIDON
THE L7z

2) 7/ LEERERN
Comparative genomic hybridization (CGH)
BICED, CYPIALEBEDT ) LAEEREDE
EIZOWTIRE L7z, AFETIE, 15q11.2-q26.3
FEIIIET 5 90,000 DT O —T LD RmE
IR T 28 1000000 77 LY A S0 —
TEEBRLIN AT AT 70T LA B,
i #7121 B L 7= (Agilent Technologies, Palo
Alto, CA). RESLEENFFE I NI2HEIL,
D= long-PCR 7 ua—7 %45k L, FISH
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RIVE Y L EER

BiTors i, WWARLICEELETIA
< — % F\:/: long-PCR EY D EHEEERLTIkE
XY, UIRONELBELRELL.

3) mRNA i

BERMIN 7238 #RAESF M RE 2 5 mRNA
% ¥ W L, 5-rapid amplification of cDNA ends -

(5-RACE) ¥I2X D, CYPI9AI BIFRMEHIC
BELTWATOE—F—2FEL.

Bl # R

1) CYP19A1 BEREEE DB EEL SRR
- CYPIOAI WFREBICIIEEFRAE SN ho
7z,

2) 7/ LEEEREEN

K% A-FI2BWT, CYPI9AI BETFHRES
LERICATuBEEAES ) AEEREVPREZN
. ThonBEEIE, CGHIRE-oTRH &R,
FISH THEZE S 172, % 512, Long PCR EW O
BEEFIFEICL Y, IBTRANRE SN,

KR A L BTk CYPI9AI R & 10,983
bp BEN =4I 79156 bp DR E EDF Y FLE
BAaRE SN (B1A B). Z 0#EEE, CF
PIAID I OFFRZZ7 V1IN D7D
(£2v1la 18 14,1517 1£12) #8A&LT
Wiz, ZOEBEOUN A, RERFIMCH Y,
1 EEOHEEZAE LT,

RACTIL, CYPIAIAS — 2 FvHhb
141,758 bp BENL72 RIS 211631 bp DRENAE
En: (B2A,B). TOXRKIZ, BEEEF
DMXL2 Z.7 ) ¥ 2-43 & GLDN =7V ¥ 5-10 %
ABELTWE ZOREOHE AR, —F i
LINE 1 BEFIA, A IERKEETIICH Y, 3318
FEOBHRAHOEEET| DFAZ o Tz,

KRAD-FTIICYPIAIZA T — P a Fvab
174,315 bp BN 724812 165,901 bp DR LD F 52
Ehi: (R3A,B). TDOREIF, DMXL2 =7
VY23 eEE LT ZORKD2DO0DY
WisidE DICLINE 1 BFIANICH D, 12BEDNE
Wik o TV,

Vol 59



No. 3 2011 (245) 29
A array CGH FISH
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14 13
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3) mRNA f&if
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IGGTTTIG"‘JTI‘GC ’}INCTCTGATGGCC AGTG XTG‘\ [‘C[\GC ATTTCTTCAGG GG/\’l

“ AM J\/\AA//\/\“\/\“/\N/\//\ﬁ N ”'

Line 1 repeat

T:TGCA T 'I_‘:_I‘CTCTGA T GGCCAG’I- GJXTG.'XTC.A GCA
33 bp addition (Line 1 repeat) .

ATCTCATTGTGGTTTTGATCTGCATTTCTCTGATGACC

CCACAGCATGTGCCAGOTTTCTTCAGGTGGAT

PERN Exon 1

mRNA

DMXL2 Exon 1

211,631 bp deletion

CYP19A1 Exon 2

CYPISAL
Exons 2-10

DMXL2 CYP19A1

CT 'ILALGFf\C'T CTCARATTGC

MVVAAA

\[\\‘

B2 RACIBITIAETFER
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B:

(EH7D4@ﬁ.QQMMLﬁﬁﬁoA%u%%ﬁkiﬁﬁﬁémt
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DMXL2 7aE— 4% — DRI L B CYPI9AI D
EFERRLE 70— —HEINC L 2EERE
AT Yy —EBRHELEORETH 2 & H#H
ENB. ZORER, EENTOE—F-DEHE
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plate switching (FoSTes) {2 & o TE BT g T
HY, KRCLEKRZD-FORERZZFNLFN non-

horhologous end joining & non-allelic homolo-
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S

4 sk V.

~ X

e B
ar

GLDN e CYPI9A1

@azs.er

165,901 bp deletion”

B SGAGT AT At hert

Vil “ Y L .ﬂ\/\:i[ (A

Line 1 repeat

12 bp overlap

Line 1 repeat

AGAGTATATAAAALAAAIAAALLAAGAAND GAGTATIATAAAAAALL ARTTAALACAACAACA
C e 165001 bp deletion  memempl
DMXL2 GLDN CYP19AL
AR

DMXL2 Exon J— |—> CYP19A1 Exon 2

mRNA CTTCACGG AGTCTCAAITEC
- Aon. i i N\
DMXL2Exonl  CYPI9AL Exon 2 /\( Vi §
3 RAD-FICBILBEFEE

A CGH 7 VA AT, CYPI9AI Lo~ T uESERENFESNT.
B: ¥/ ABERY. DMXI2T7 VY 2-43 2 BT HREFSFAE SN WH AR E 12 LINEL BEFIRN

hh, 12EEOERERMED.

C : mRNA #8#7. DMXIL2-CYPI9AI % 2 5 mRNA A% S e,

gous recombination {2—H T 5. O L) REH
RIEEEEN CYPIOAI HAFIBIIRDOOoN B
LS, TORGMEERICIZS AMHEERE
RELRTVWRENTS - 7PFET S LS
nas.

KB L UEED 2 0D RIZBNT, &8
23 Bl AEXS BEPFEZEShTwD (F1). &
NODBEOENH S, BETEENS—VEE
REROEEENOEICIX, HIBREOHEND S
ZENELN Lo Tbh, EEREEREE
TIREBRHNEED, REBEEETIIFEEDE
KT o, BUBEEETIEENLEEKR
RPBEREENRELLIEBRBENL 20

83

L, REQEEEN CYPIAL KA LT 0
TE-F-ORBLBETRRT A L2RRT
5. EHEE CYPIAI 70 E— ¥ —DEHIL, &
B D CYPI9AI FBLEALICBRR L7 BRRE LB
7w, MBNSBOT R Y —YEHBERES
R EHESND, —F, REFEHNH DX
ATEEFTR LHEEREAEETOTRE—
Y —ICL AP EL, REBENEEDOTOT Y —
CEEFEESNI EFEEND, 2502,
DMXIL2x 7V Y 1 ZBIRREBRaI Ny 2EFT5
DMXL2-CYP19A1 ¥ X S &EFI, 7u~<¥ —
FTEHDIE I DMXL2 #IFRBEB I F U255 A
EONLEBBEHDETI—-FTH, =2V 1
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EF1 IhFTCHRESN-TuS Yy —FREEEEORBETGTFEY L BIRFTR

BRETEE BUNE®E 0 MRS Yo fRa i

B 2RZAH ARF 4B AR5

BESOE—F—2 CYP19A1 DMXL2 MAPK6, CGNL1, TLN2, TMOD3
BRERIEIR : '

AEEXBESER (&) 10-13 7-11 5-8

HEEAEREE (Tanner stage) 2-3 3-4 4-5

RAHEE ¥ X4 ExE
RWET R .

LH (E5E) E% EHE /KE % /I&E

LH (GoRH &7## ) EE/KE BFETE {E&1E

FSH (FAEE) EE E1E &

FSH (GnRH &## ) B4 1M 1BAE

T (EpEE) FE/BE EE /EE EH® /&E

T (hCCEWES) TER Xy EE

E1 (EHE) E1E B1E BiE

E; (E:HME) EE/5E EE/BE EiE

Ey/T M B BE B
SRR - (3) (3) L, @

T : testosterone ; Ei: estrone ; Eg: estradiol ; GnRH : gonadotropin releasing hormone ; hCG : human chorionic

~gonadotropin

ACYPIAI A L TWA T U E— & —HRBHEB LTV B HETF
® GnRH 100 pg/m? (Bk 100 pg) bolus iv. ; MTEEREL 0, 30, 60, 90, 120 5% .

¢ hCG 3000 TU/m? (A 5000 IU) im. 3 B E##kS: MR 1 BE L 40E

CEIRRBAT F U BB 2 WBNEOF X 5EiR
FTR7TUT I —EEHOAPEESINE. 0
LX) TUE—F —EEDEVY, REGEEE
LU GEREDEEENEICHFS LTWATEE
WD 5.

AEXS BEOAZWFEHMES» 51X, FSHE
MOTF F vy GUMAEDAE R 2T
RTharZePREENL (F1). 8612, I
LA by U EIRSEEEEICBANTHOE
EINVBETH B, T+ F PO rHURL0
BEIEGETFEEOBEIIrPbOTREETIE
EREETHLEZEPHL R R0z, ZOZL
i, LA POT YT 4= Ny 7 OEEITEE
BT AHITF Fhu i <cdy, Ry
BEOTX Muy BT & o T FSH W
ZHICBESNLZ E2HRBICTAL0TH 5.
=7, BETEZEIMEFEIR TV I L2,

84

FSH 2B HEREOER & R ICRIZTHRIT
HEPTHLZEFREINSG.

W

AFEIZE T, TRE—F —FEROEREDS X
UCEEFLROBDREPBIEZTFBEBEZH
& LIOBEHROERE 25T EMILDTH
Sirkipols, T, AL UM, FELT
THEEVARVTOFSH W EIS 2 A LT, R
TEHTEFERRZHET S LR SR,

X ®

1) Shozu M et al : N Engl J Med 348 : 1855, 2003.

2) Demura M et al : Hum Mol Genet 16 : 2529,
2007. ' ’

3) Fukami M et al : J Clin Endocrinol Metab 96
(6) : E1035, 2011..
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%%? IE—-HEE

NERGBREBET / LOE—BEE

F* R B i

AR, BT REENFITEN OERIZHEY, 7
JAAC—HEEVPESIREENS L) T ko
Too TNICEYD, SFSELRBE—BEFREIEIC
BUWURBREDERER & 7 2 H/NRERLEEDF
EINTze TOLI BRI —HEFITLELETFH
REH 2 DETARESLERIET TR, FWRHA
B SEBEN-EBORENET NG, FRTIE,
oV —HEEIGERYT A/NENSWEREOF E L
T, SHOX B¥EEL 70~ —EREFEIZDONWT
BT 5o

| 1| SHOX B¥ME(L Y —TAIVERE)

TEGe o AR P AR IR AL B T 5 IR F
SHOX &, BiiassE a0 B S Lred 2 548
TAMNEERFEa2— FLTWwAY, SHOX iZ
X RELEZTY, Bredic2 a¥—oFHEE

wH B

THET A, 1 a¥—0 SHOX O#fesesk L&
Re)HERE, ¥ —F—BHB#E vI—74 0
JEMEEE (LWD) D JRA & %2 5, LWD XU iR
LRI TN Y FERE EME T AEREERE
BERETHY, ZhITIZ200HFLLLE0BEEH
EEhTWw5b,
bhbhionE iz, BEKE LWD 22T
% HARNEE 29 3% 50 BIOFHT £ 17\, RED
FTEEZHEEZHLAELTWS (B 1D,
EWEERMAELT, FTRO3ENFBTON
b

#1112, LWD BEICBIT B EEFEEDEAL
IBEFRAZRE TR MIRETHD, Zh
X, 29FKZDH L SHOX BIRTFHEEREET
BRZIDVOFRROATH Y, 21 FRIIMIRE %
FELTWZEitEDL{, 2B, InbDREKR
2Mbp LT TH Y, #EOMBBEEENRETIE

G 560 570 580 590 620 810(kbp)
enome | l | [/ 1
7. 77
SHOX Exonl 2 3 45  6a 6b LN -
!l I " l } Il / /L iy
L) 77 77 ]

HREBAREER (n=5)

haesend
FIFRGERARE (n=3)
R e o

TN —TRIRR R (n=3)

EFFEEER % (n=3)

HRAB I+ T2 — B =12
SRR EI A+ TN — R 5 (n=12) R (n=3)

1 BERALYU—TAIVERERE 29 RRICEITDEGRTERE

Pediatric endocrine disorders and copy number abnormalities
Maki Fukami : ENLREEBEHIZE Y v & — 5 FRSWHIZEE (T 157-8535 Rk HA R KR 2-10-1)

Tsutomu Ogata : IEMERARZE NER (T 431-3192 i RIEMTTHHEIL 1-20-1)
0370-9531/12/¥500/#3/JCOPY
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HEEOME 62568 2011412 8 547
Genome 56[30 5’{0 5«?0 5‘}90 6?0 81I0 (kbp)
/L y/4
SHOX Exon 1 2 3 45 6a ?—lf ” 7 " Enhancer
—]l [—i [—# 4
MLPA
ool S B S S 4 b )
EHHE Idjl'ﬂ‘ D E '
W HT C H
lt lllllhd lhklll flhﬁﬁh&hik?ﬂiﬂkhﬂﬁmﬂnhan
! Al B D E
i M k Ny
1 L LU TN dM i,
SHOXENFRE M, + 5 _Tfi A F
u | TH SR

K 2 LU—"A1EERBEREICHTD multiple ligation probe amplification (MLPA)EIC £ B REDEE
g®?ﬁ%”ATéﬂTU%AﬁK%#T s,

M THo2 70 -7 DY — 7 DBIHERD S,

FEARTRETH o 720 REGTDEF DR EKIZ
SHOX MIREBR T EETAAAIFeTu—7
& L7: FISH ##47 % 721d SHOX #fEF Lo
(CAnZRZAE LIz~ A 2 0% 5 54 MR
THRZESI N2 —F, 3FTBWTEDLNE
fZF W/ 53, multiple ligation probe ampli-
fication (MLPA)EIC X - TIZ LOCHEWEET
Holz(H2), EHITHKE, IVEREOHVEE
& LT7 VA comparative genomic hybridization
(CGH)EMVHWLNS X H 2% o720 MLPA B
E7V4 CGHEWZEEZEDT ) L DNA OA%EH
WTH/NREOFRENTRETH S I L b,
SHOX BEIED L ) B REFHROEEDR 7
==V FEELTCEDOTERTH %,
5212, LWD BEIZBITABUNREDY AL X
EMEBIZSFE ST TH L. YIBTHEOIEIERYIENT
o, ZNHDREKOFEICISAHFEETIH T DM
¥ 2 2F (non-allelic recombination), ¥ & U,
non-homologous end-joining (NHE]) o Tfj & A% B4
5?%’&%?Wéh1mam$o:hm
SHOX DSFAE$ B M et AR Fe R gEI8C
wfmﬁﬁkﬁ@&#ibéy&,it,ﬂﬂw
JEABIZ Alu 2 EQFABBHIDPZ S FHET H I L
WX o THAZING, RERFNIEEIZHETEZ
BEOFEREZHDOH% 5T, NHE] DFE) A

86

IRBHBEEEZ LN,

8317, LWD BEOEETEEICIE SHOX #
%ﬁﬁ#%%htﬂﬂ@%&k%@@ihéo:
DRFEANICIE SHOX DEHENFER* TR
THEIZUNYY—=BEHEL, TOZUNYH—D
PERETERNT TR A SHOX BB EEZHEL &
FHEIND, B, O U —DFEEN
& SHOX FERaEH & 3 HICH 250-300 kbp B
724 10 kbp OEHICERBLIN TS, Ly
L, BISREROTRICHEET 5T v V=3t
SHOX Bz H#§ 27 3HHI N TV Zn,

%8B, LWD BEIIBITAMIREDI Y —

IEANEEPFET 2 REYND 5. bivbiu)s
TolHRANBZE OB CIE, @FREmE
N e L DIER T AREVRD BEE
THo7e(l1)o —FH, ARL LI Ny
Y — IR L2 REDEEFR DBV L
DWENR R INT VD, &5, SHOBEEOFEN
WX, EeDAEIZBITABHREDINY —
PHOPELRLLEIRSNS, 2O L) AR
NERRNZ B ORI O RS L T BERD %,

| 2 7O 4—tBRIE

Tu< ¥ —PBEEEAEXS)ZTuv sy — Y&



548
A
JEFL 1 5906 bp deletion
TCATTARCCIGGTGTC
TGATTARCCTPTTATT TGGGGGRCCTEGTGTC
Exon 1 2 3 . 45 l 6a 6b
IER 2
5,594 bp deletion
GGTAACSCATAGGT TTTGGAAAIGGGAGGGG
Exon 1 2 3 45  6a 6b

B

EEORE 62465 - 2011412 8

Intrachromosomal recombination

R

\
i)

Tel

-

Tel

Unequal cross-over

Tel
Tel [

¥
Tel D

Non-homologous end joining

Tel

Te] e NN ##¢ NN S
Added bases

at junction

3 LU—TAIVEEEERE 2 HICH T B U08 S DIEEEFIERT
SHOX REDFRREITMAE X E¥ B X U non-homologous end-joining DTHEDHET 5 Z EARBEEN 5,

ZF (CYPIAL) 0BFHBITER T2 ENLE
P ENEEREAETH L, T —FI3EN
RVEV(T Y Fusr V) g rvE Y (X b
Oy )NEERT LIV —LBERETH D,
AEXS % E3ABHEZTEIZA bul V&R
EEZIELTC, LEEKR, BEREE EHRE
BEAENROLNG, ZEREDS ITEERT
HBH, —EBOERITIEHRANES BELH RIS
AU %, 20034, Shozu 5B &£ U Demura 512
Iy, AEXS2HKR2 & 2MAERIZBNT, 77U~
¥ — PEETF LR OREAEMFRE SN2,
DX UNEEEE TIX, CYPIAI &kl
WKW EBT ALHEAEHEETORTY X 7 85T
PEEENEZEICLY, Tuv s —EREEA
MEL NSNS,

2011 4E, bbbt 6 % 18 HI (KR A-F)D
AEXS BE DN 21T\, NEOFER & % 2572
Za¥—¥EEZFAELRY. FRALBTRE
CYP19A1 BRI A 5 10,983 bp BN 72 FHIBIS
79,156 bp DAEXED ¥ VFLAEESFEEIN
(0 4A, B)o ZO%EIIE, CYPI9AI DIEFIFR T
7V 1EBERENToE—% )11 ED) BO
to(zzv>0a 1.8 1.4, 1.5 1.7, If,
1.2 2E& LT, ZOEHEO fusion point %

87

KERFCH Y, 1 EEOHMRAMEEZE L TV
mRNA T CTld CYPIQAI =2V Y 1DHHD
—ORBTAEELRZ7O— oI, 5Hlicz
7V V14 7YV I8EA LY
OU—HPRonz(4C). Tnr7u—VIigAs
FTAALTG =X o THLEYTH S EHEMS
Nbo COXIBFRATr7u—vOFEEE, FE
B RMEICHEETAEMOTIE—F -0 D
BENELTWALAZLERTHOTHD, L7z
HoT, RZAELBTECYPI9AI 7ux—
Z O & o> TEEREIEML, 7u~
F—CEEFREFZEANPELLILIVRBIN
%o

F2C TR CYPIYAI A% — a Fudb
141,758 bp BEIL 7= 4638042 211,631 bp DK A5
FE N (F5A, Bo ZOREIHEEETF
DMXL2 T2 ) ¥ 2-43 & GLDN =2 vV ¥ 5-10
2EELTW, COREOYWRIZ, —H ik
LINE 1 ESFIN, M5k RAERFISMCH D, 3318
EOHFREOEERI O Lo TWwiz,
mRNA #HT Ti& CYPI9AI =2V v 1DHHD
—ORETHEREO— Y DIED, DMXL2 T2
Vv 1& CYPI9AI =27V ¥ 2 %&t DMXL2-
CYPI9AI ¥ A5 7 u—rHEsh7 (K50),
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A array CGH FISH
FISH Probe

B

ATG
l_’—5,464 bp— Ny n7ﬂ9,lﬁﬁ 'ﬁpn”—‘—‘ 10,983 bp —]
Normal allele s H -

11 TTaI8 141517 1f12 I6 I3 PII Exons 2-10
o b ‘
[/ J ‘xl'\l‘ \.'xj b

1 -
Mutant allele H [FE= Hf :
11 5171f 12 TaI8-141517 1f 12 16 13 PII Exons 2-10
.t “ - - .
; I
I‘u[ ool (‘-l
C  RTPCR 11 Ha 1814 I5I71f 12 Ta I8 14 I517 If 12 IG 13PI

i i)
14 I8

4 TOVE—EBFERSR A & BICBITABIEFRES
A7 LA CGHENT (F2) & FISH f#HT ()o CYPI9AI D7 UE— 5 —4EHONT DEABEEIFE SN,
B: 7/ MEERE, CYPIAI =2V Y 103 bE0% 84+ 54 v FAEH, Fusion point 1% KIERFISLIZ
By, VEEOMEAMEEHT %, C:mRNA . SMicTr Vv L4, SAIZTs VY 1.8 VHEE L7 mRNA 2
YA SN2 ZOZ 0~V OFEERFEMICEE 2T 7V Y 1495 b EERE LT WD = b ERBET %,

A array CGH m

Ly

RS i G
4974 4966 Mb 4958 Mb 4950 Mb 4942 Mb 4933 Mb_ 49.25 Mb
DMXL2 ’ GLDN CYPI19A1
B [=—— 211631 bp deletion —]

33 bp addition (LINE 1 repeat)

CCACAGCATGTGCCAGCITTCTTCAGGTGGAT

C [ 211,631 bp deletion  mmmmp]
DMXL2 GLDN CYPI9A1
Exon 1 Exons 2-43 ' ! '
Genome

mRNA DMXL2 Exon 1 +— J—-’ CYP19A1 Exon 2

CTTCACGGACTCTCAAATTGC

M/;wy\/\/ \ \/\/‘,(\«/\/\/\(\
K5 7OTX—EBRERR CICHIT3BETRRE

A7 VA CGH Mo CYPIIAI LRMEHONT UEAMRENRAESN2, B: 7 ) MEERS, DUXLE T

7Y ¥ 2-43 L GLDN 7V ¥ 5-10 2 0& T 5 RENFE SN rze GIRTARIE—F 13 LINE 1 BFIF, FIZR

BRI H Y, BEEOHRAPOEERIIOWA LS, C: mRNA 4. DMXL2-CYPIIAL % 2 5
mRNA 7 00— V3RS S i,

DMXL2 Exen 1 CYP19A1 Exon 2

88
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A array CGH

EROBE 62%6% - 20114F 124

4966 Mb 4958 Mb
DMXL2

4974

B 165,901 bp deletion
AAARAAARART

4950 Mb

4933 Mb 49.25 Mb
CYPI19A1

4942 Mb
GLDN

AG[\GTA' AT

L

% A

AAAACAACAACA

A s s

LINE 1 repeat

LINE 1 repeat

CYPI9A

C 165,901 bp deletion
DMXL2
S
Genome e R
mRNA

DMXL2 Exon 1 CYP19Al Exon 2

~1Exon 1 Exons 2-10

DMXL2 Exon 1 «— | »CYPI9AI Exon 2
GTTCACGGAGTCTCAATTGC

Pl

%wwﬂ

B 6 7OvZ—EBEHERR D-F LB IDEEFER
A7 VA CGH f##T. CYPI9AI LR ONT O BSHRESFES NI, B ¥/ AEERYE, DMXL2
VY3 RAETHARENFEENS, YHAIZE BICLINE 1 BFINICH Y, REEOEERHEI. C:
mRNA f##7. DMXL2-CYPI9AI % * 5 mRNA HFE & Niz.

ZOrU—YOFEFEL, RECL->TDMXLE T
21 & CYPIGAI 7V Y 2DRTAT S
AADEL, TOMER, CYPISAI FFREEA
DMXL2 7aE—% —|Z X 58225 L 51
holrZ L BRET 5,
F%D-FCWE CYPIGAI A% — b a Fuvhbd
174,315 bp Bt 7= 483512 165,901 bp DKL
FEENZ(K6A, B)o TORKIEDMXLZ2 T
VY243 BAE LT W2, TOREDTODY]
Wi & ICLINE 1 EFINICH Y, 121BEDE
BWhEoTWwize TNHDRRTIEIRARC L
REDBEFE C DMXL2-CYPI9AI % * 5 ElzT78
B Eh, 7Tovy —YEEFBRESEHIELL
LM E D (K6C),
BEOBRTFE-RBEUET»L, BIRTER
NE = EBRRIEROEEEOBICIIH 2 BED
MDD EBHEL N E R0, ThbD, B
BWHEBRE CIHBRNEED, REBEEEZ T
FEEOERERD Nz, T2, BEICHESR
N B RFERE CEIEEOILEERCEERE
EHRELLZEDPRBENTHE, 2O LI,
AIEDBIEEHN CYPIIAL \ZiEE L 70 E—
Y —DOREREEEE X LT 52 L 2RIRT b5, A&

89

M CYPI9AI 7uE®— % —OEBEIBED.
CYPI19A1 HHEM IR L - BRI FEHREZHL 72
W, WL EO T~y —PEHEBRELEZR
QLMW SNE, —F, REFLHBENHAOFRXT
BEFCE, RHEEARHBEFOTOE—F—IC
X B L0ERE - MR T CYPI9AI BIZT-FIIEM
BEL, WBENEZEOTUR Y —EEANEES
NpEeFHEINE, E518, CYPIGAI 7V~
2% DMXL2 7y OWEICERERa N
ZHTH DMXL2-CYPI9AI ¥ X T #EFI3,

Ty —YEHDIEDPIC DMXL2 FFREE
FUpbHiAN N, EREEAZI—FT5
B, TV Y VIZEREG T R 2Rk wiiks
FOF XA FTBEFTIETET Y — VP EHDARDE
HENL, ZOkD, Tuxy—EEEEAEIR
DMXL2-CYPI9A1 % * S &=+ X Y HEMLH D
FRATEEFIIBVTELIPIIEZVEEZLR
Bo TDEHBTOE—F—EEDENGEET
OE—F—%2ETHIYY Y EORRBBREDE
YD, REGHEBE L SNGEBEEOEEED
ZIZFESLTCWAWMRENS S, S5, HnL
T AMOTFVICEBEDT 4 — FNy 7 34H
B CYPI9AI 7ut—% —DEHETEADOLN
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L5, REPCHMIZLZIFEMPY S OE—F—T
BHEELRZY, HE2VIEZLVWEHEINZIN, Ih
HEREDENIEHES LTS EBbN s,

P EOREE, ABEWTOE-F—0EEL L
CEET LROBMNREPEEF BRI LB
X, LMNOEBROREE 25 LEHRTHD
TRTDDTH b, &8, VI EOEEETIFENT
Ph, RFR A E B OEMEIT fork stalling and
template switching (FoSTeS) IZ & - T B W #E
THY, RRCERRD-FORKIZENEN
non-homologous end joining & non-allelic re-
combination IZ—3 9 A Z L VRHEN/, O
Z e, REDOFRIEIC DNA BHE T T — LMz
BEEIGERT 2 2R GBI ERE N EE
THEIERRBET D, CDL ) LSRG ERE
S CYPI9AI BBERICRDONLE I E0b, =
DOYEMREIRIILT /) AHEERE L E LR T
Wi A DD ORFRNEF — 7T 5 LR

551

Nbo
th
w4, NRADWREDRIEICIS E ST R

C—BEEVPEGTLIENEBEL o7 2O
£9 %7 SHIIEER T/ NEASWRE LIS
DEBDOFIEIC S5 T HWREMDH 50

e3

1) WA ¥ —F—EEBOREE AF4 ML
Yo —%, HE, 2003

2) Fukami M, Dateki S, Kato F et al : J Hum Genet
53(5) : 454-459, 2008

3) Shozu M, Sebastian S, Takayama K et al : N Engl
J Med 348 : 1855-1865, 2003

4) Demura M, Martin RM, Shozu M et al : Hum Mol
Genet 16 © 2529-2541, 2007

5) Fukami M, Shozu M, Soneda S et al:J Clin
Endocrinol Metab 96(6) : £1035-1043, 2011
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% 20 [l EEPRPI5- 143 Update Proceeding

P ICHELTURE 6 FRICH 1 B BRI & Wik 0 i)

EVREEERE Ly P BEKkZ? LFLkEY KERSERE Y
ZHBEZHTTHEEY Tubingen KF¥® FEXE"

R OEFEY BEE WY OmEERTY Ak B—? mm BY
Kl #F P EF KEY WE e BE REY Ek EH
Cerhard Binder® #&  #Y W) BFV HKkERER" #HF 0 HP

= = 2. A %=

L Tawy—¥FiE, TRAMaFrET U R uANEE

BT IBRTHS, TR I —EEET(CYPISAD .

15 Bl LICFEEL, < &b 1L HOIERRT
71 EEIRERTHE BTV V21006 B, B4
DIrY Y1 EEHEN 70T — 5 — & UTHE
T3, BE. CYPI9AI DFIIZ., REDMEN &—
RO E RO TR VNZEIfl ah T 3,

CYPI9AI DB FH . BEELELAREHG %
B, HG 13, BHEEEICBI 3AEEKR, BERBILE
EREREERT., HIEERET2EM LT 2B RERE
BUHBEERTH 2, KEBREOZ BEERTH 3
N, —HOEFATIIARRELPERPERT ESAD S
N5,

2003 £, Shozu 5k D, HGEFILB LT 15 F
REEFEMRAEShLY, 20%, ChETIT2
RRE2MEFOBF BN THEMBAES AT
%2, mRNA O 5. Zh SHEMBHEE TR,
CYPI9AI & BB T A JRBEHRABETFOF A5
e CYPI9AL BRIRBEORRTH S I EHHLHM &
BoTad "2, LhL, HG BEOSMISHRE, B
F U, FEEHG BFIIB Y ARERFEFEIHTN
T, SEbhbhid, HG B#F 6 KROS TEE
20 BRI 21T, S oD EEMIF L,

.3 =%

BERAICHG Elidh 7 BH e KR IBHI(KR
AP, RREZFAYA, MMORRTZEERATH 3,
AEEADEER.FRALBIIBOTYPERETH -
7o —EROREFITIR, BEEBET 2 CBEDO “IRES
BT ERB0 I, RABREOEZRECGE TR LR
BTz, MHPHRNVE EE T estrone (B il
estradiol (E,) ./ testosterone (T) I & . FSH #fr o =
F R b EVSRAERED SN, REFMEFMED
BT T3, CYPISAI mRNA EH¥iNE 7 o<y —¥YBER
EHETE DR S Wi,

91

1. CYPISAI BHRRBIK D EERIIENT
FUROBEFER R, EMKEERRIE L V5 —

HESUIBOWTERAINT WS, 1 V74— LFavE

v bEBIOB, ) L DNA R U, CYPIALH
REKTHB L7V 2-10 % PCR THIE L., EHEE
EEIIREZETO, 73/ BEMEHSIREOFEICS
WTHRE U,

2. 7 LR

Comparative genomic hybridization (CGH)EIZ & 9|
CYPIOALEHED T ) LEERE DFEII OV TRAL
foo ABFFE T 15q11.2-q26.3 I IZXHIG S % 90,000
D7 v —7 &GRS S 549 10,000 D Y
Ty VAT —TEEBLIARI LA 70T VA
PR U, BT ISR U 7o (Agilent Technologies, Palo
Alto, CA)o REPEEMFE S NIZHER, HBRADK
® long-PCR T7 1 — 7 Z{ER UFISH 21T » 720 %7z,
PIMT S BT ERE Uic 75 1 < — % iz long PCRE
YMOEHEELARIIREIC L0, IS OME LG ER
E Lo
3. mRNA @

BERM M E 70 3 EEARHESF ML © mRNA % #il
U~ 5'-rapid amplification of cDNA ends (5-RACE) &I
XU, CYPIOAI BIFRBEHICHE L TWBETOE—F —
ZRE L7,

3. 8% B

1. CYPI9AI BUFREEIK D E A MFIfENT

EBRFITBNT, CYPIAI BIFREBICIEENREE
ENIh -T2,
2. 7 LEEEE N

RHRA-FIZBWOT, CYPISAI BIZFEIFRER LRI
NTOESEY ) ABERENEESI NI, 050
EEI3, CGHIZX > TRE &N, FISH THIAIhi,
S 512, Long PCR EM OEEFFIRZICL O, YW S
MPRE I Nz,

RHRAEBTHCYPIGAIZRZ —ba Frhb
10,983bp B 7 IR 79,156bp DR E S DY Vv F LE
EHREENIZ(E 1A, B)o T DFEBEIZ. CYPISAI D
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1NNOFEHMRZ 7V 105507 2(27 V], 1.8,
14, 1.5, 1.7, 1£ 1.2 2 EE L T, ZOEEOTIN A
2. REEFISCH D, 1IEEOHERAEEF L T,

FH CTIE. CYPIGAI A% — Fa Kk b5 141,758
bp B 72 $EIRIT 211,631 bp DRENFE &7z (B 24,
B ZORKIE. BEERT DMXL2T )V v 243 &
GLDN =27V v 510 #8& LT, TOREDYN
B3, —F1 LINE 1 BRFIA, A I RERSISNCH D
33 IFEDOEHFIIOMEAZLE > T/,

R D-F TId CYPIYAI R% — b2 N v s 174,315
bp B 72 $8IKIC 165,901 bp DRARMBREE & 7z (K 3A,
B)o TOREE.DMXL2 TV ) v 2-43 2 FE& LTz,
ZODR%ED 2 ODYIM A & HITLINE 1EEFINICH .
12EEDOERZM - T,

3. mRNA

5-RACE T & 0, BFH®D CYPI9AI mRNA T2\ T
e Lo RRAEBTIE, CYPIAI ZZ VY109
LD 1 D2FTAEER mRNA 7 0— U O & DRI E

95

. Nie — A, S-RACEEMA T v LV—bhE LT, &
IV 1IRMNETSE S SA4<—%HTIiT-72PCR
T SMiczrs vy 14, 3y v v 1.8 B84
Lica—viBoniz(B1C), Z0/7a—VidR 7
SARLT =L - THEULEYTH S NSNS,
ZO7u—vOREER, BEREICX > TEMKEZ 14
TOE—F—BoEEBELTVAIEERTHOTH
%,

FHRCFTE, CYPISAIZ 7 Vv 1D3ED1D
#HT57a0—r0F M DMXL2 27V v 1 %41
DMXL2-CYPIOAI ¥ X 5 7 u— v 18 5 h (K 2C,
3C)e ZOF 47 mRNA X, £ 5-RACEEHD 2-5%
EEDTO, CO70—YOFER, RRILK-T
DMXL2 X7 1& CYPIAI 7Y v 20OBTRY
A AME T, £ OFEE CYPIIAI BRI A DMXL2
TuE—I—IlLBHHEZITBHL DA 272 £ETR
B35,

“ TEL | duplication CEN —
i I
CYP19A1
Genome
exon 1.4 exon |.8
mRNA GCAGCCCATCARACEAGTGCTTACTTCACC
| f \
D O L

B1. RRAELBILBILBRTFER

T LBERE, CYPIGAT TV 1D535722EETEI VFLER, I=RE. RERFSMBDY,

1 EEOHEREZET 5,

mRNA 47, 5 flIcT oV 14, PRIV 180EELIZmMRNA Y o—2,

EE

A CGH 7 L1 . CYP19AT D—ERDAF OESHEE,
B:

C:
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A “—TEL | deletion

DMXL2 GLDN

CYP19A1

t
emec.er amzsier

211,631 bp deletion —————»|

B \Dﬁf GGTTTTGR,TTTGC@ p'I''.l'.'C'J.'CTGll \TGGCCAGTGA TGATCAGCATTT CTTCAGGTGGAT
‘ il
\/\ L AA/\M% V\/\MW\/\, \/\ n \MA/\ )

T‘I’GCPTTTCTCTGATGGCCAGTGATGATCAGCA

Line 1 repeat 33 bp addition (Line 1 repeat)

l ATCTCATTGTGGTTTTGAT&TGCATTTCTCTGAT GACC 1 CCACAGCATGTGCCAGQTTTCTTCAGGTGGAT

C

R e 211,631 bp deletion m———————p
DMXL2 GLDN

CYP19A1

Genome {1 II!!HIHﬂHlHl!IlliilmiﬂHH!H‘!H!HHHIl

mRNA

L Exonl Exons 2-10 |

DMXL2

CYP19A1

DMXL2 Exon 1 CYP19A1 Exon 2

TTCACGGACTCTCRARTTGC.

\A(\/\N\(\/\’X\AA/\

2. RRCILBIFIBBEFEE
{CGH 7 L1 B, CYP19AT LiktE D~ oEAMRE,

BN, A IREENMNCH Y. IBIEEQEERIOBAZES,
* mRNA ##7, 5-RACE TEIE E#11= DMXL2-CYP19AT % X 5 mRNA.

OUJ>

L LEERE, DMXL2 5 v 2-43 £ GLDN =5V 5-10 2EET B3Rk, tIEsIE. —F I LINE 1

A <-—- TEL deletion CEN —
" DMXL2 T Glon | CYP19A1
B Aeﬁsw 1('5?5&921 z?agndfziiﬁr?ir"mmcaammzx
Al
A} /]i\ MOV A s n
Line 1 repeat 12 bp overlap Line 1 repeat
AGAGTAT[&TAAAAAAAM@AAAAAGMAA l [GAGTAT ATAAAAAAA&M{&TTAAAACAACAAC
A
C g 165,901 bp deletion  smeespl
DMXL2 GLDN CYP19A1
Exo'n 1 Exons 2-43 ' ! ' ]r—E@—qu Exons 2-10 !
Genome Co A
' DMXL2 Exon 14— |—>» CYP19A1 Exon 2
mRNA ;;;C;;‘GG.@GTCTCAQAZ‘X;;C
DMXL2 Exon 1CYP19A1 Exon2 | VW‘A«\/\}\U\’ i ”j

3. RRED-FLBITREEFEE
A CGH 7 LA &4, CYP19AT LiRSEEIOAF OiESHRE,

B:4 ) LABEREYE, DMXL2 TFY V 2-43 5 BETEHRE, UIHAEEBICUNE 1 EIIAICH Y., 128ED

BEEMES,
C : mRNA #E#7, 5-RACE TRIEE 72 DMXL2-CYP19AT £ 45 mRNA,
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4. & B

bhbhid. HG6XZDBITEIT L, 2KRT
CYPI9AI 7 u & — ¥ —tHIFOEHE. 4 KR T CYPIIAI
LFRoMUMREERE LI, EEGERE TR, CY-
PI9A1 7 v & — & —HHEMOER 3 2 mERh M
LoT, Tuwy —YREELANBELULLHENEN S,
—F. REBGHEETIE, DMXL2 ot — 7 —DER
& % CYPI9AI O EZFUFRRE T o e —F — K
X BEBERRBEMNT o< s~ CERHELOFERTH 3
LHREN G, ZORER. FENToE—5 —DEH
B L UBZEFEROWNEP BETBRRIALE .
EMNOBEROERERS I EAMATHDTRTHOD
Thbd, COXIBY ) LBEEER. MOBEEED
FIEIZ S LT B AL S 2,

AMEDOREEIL. HG OREIC DNAEH TS — L4
A BEOERET 2 SR LAANIEESREE NS
THEIERRET S, 7H8bb, RRALBOERIRR
fork stalling and template switching (FoSTes) iZ & » T
HFARRETH D, RRCEXZD-FORREENEN
non-homologous end joining & non-allelic homologous
recombination iZ—E9 %, D L) BBHEUBERE
28 CYPIAI BHEBIRD 5B &b, ZORE
HREBICET ) LHHBERELAE LD T ORENE
F—IBFEET B LRSI,

B, BEOILBER S FERELEDEREITIIESIM
EZEBEE L, EEBERE L RKRGHEBRE OBKER
i, BESR O QeBE R AL G B IC I U CTRE TH - 7,
EXCIRERALEBRBOTREQOHRRKERSFAD Sh
oo TOC &N, AEOEREN CYPIOAL ITk4 Uit
TRE—F OB EMEERIRT 52 LERRT B,
TiHbhb, £HI CYPIALl Tut—F —~DEHEIZ, &
H D CYPISAI BILIALICRE L BRABRAEL
B, WBENPEOT o< —¥ELBREELEZE &
HMEhz, —H. REGIEFMFIOF A FEBETERKIC
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RIEGERARBREFO I E—F —DBHEET 5, £
BOoT7uxs—¥BANEASNE ETFHSNZ, &5
iZy DMXL2 =7 v > 1 I3 BRI NV BFEET 3
72, DMXL2-CYPI9AI % A 5 BEFR 70wy —+
BEHOEMIC DMXL2EIRER I Fuvbh oA L oh S
EHREERAI—NT50, =7V v LICERREBEa ©
VEBRBOEMEHOF A SEBIZFTR T —FE
BHOAMELESND, ZOLIBTOE—F —HEDE
W, RERBHEEE SEMNBEHEREOEEEOELTE
UTWBHAfElE RS 5, FHE, 5-RACEEHO LI T
F A7 mRNA O 5% B E&E. REFITRE%TH S
DT Uy BESR O HALHIT I 80-90%TH - 7z 25

i
AMEICL-T, 7oE—9 —EEOEH L ERFE
MOBUNREIBETABRAZEE, L FORERD
FREBZZEBEIUDTHLNER -7, HG ORIE
WWRESRTRAAREEBERENEE L, FEREOE
EEENMZBEZ LBV TERIN T oE—F —DHE
LREEARMT 3 LR 5,

B
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Aromatase Excess Syndrome: Identification of Cryptic
Duplications and Deletions Leading to Gain of
Function of CYP19A1 and Assessment of Phenotypic
Determinants
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Context: Aromatase excess syndrome (AEXS) is a rare autosomal dominant disorder characterized
by gynecomastia. Although cryptic inversions leading to abnormal fusions between CYPT9A17
encoding aromatase and its neighboring genes have been identified in a few patients, the mo-
lecular basis remains largely unknown.

Objective: The objective of the study was to examine the genetic causes and phenotypic deter-
minants in AEXS.

Patients: Eighteen affected males from six families participated in the study.

Results: We identified three types of heterozygous genomic rearrangements, i.e. a 79,156-bp
tandem duplication involving seven of 11 noncoding CYP19A7 exons 1, a 211,631-bp deletion
involving exons 2-43 of DMXL2 and exons 5-10 of GLDN, and a 165,901-bp deletion involving exons
2-43 of DMXL2. The duplicated exon 1 functioned as transcription start sites, and the two types of
deletions produced the same chimeric mRNA consisting of DMXL2 exon 1 and CYP79A7 coding exons.
The DMXL2 exon 1 harbored a translation start codon, and the DMXL2/CYP19AT chimeric mRNA was
identified in only 2-5% of CYP19A1-positive transcripts. This was in contrast to the inversion-mediated
chimeric mRNA that had no coding sequence on the fused exon 1 and accounted for greater than 80%
of CYP19A1-positive transcripts. CYPT19AT was expressed in a limited number of tissues, whereas its
neighboring genes involved in the chimeric mRNA formation were expressed widely.

Conclusions: This study provides novel mechanisms leading to gain of function of CYP19A1. Fur-
thermore, it appears that clinical severity of AEXS is primarily determined by the tissue expression
pattern of relevant genes and by the structural property of promoter-associated exons of chimeric

mRNA. (J Clin Endocrinol Metab 96: E1035-E1043, 2011)
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