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Clarification of underlying factors for disorders of sex development and
reproductive dysfunction as multifactorial disorders
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We have revealed that intrauterine hyponutrition causes significantly
reduced intra-testicular testosterone production in association with significantly reduced
expressions of steroidogenic genes during fetal life, and significantly decreased sperm count in
association with significantly altered expressions of oxidation stress-related, apoptosis-related,
and spermatogenesis-related genes in the postnatal life in the mouse. We have also showed that a 2,
244 bp microdeletion at ESR1 intron 6 (A ESR1) functions as a susceptibility factor for
cryptorchidism and hypospadias by facilitating the ESR1 expression. We have also clarified the
underlying cause for the generation of the absolute linkage disequilibrium between A ESR1 and the
susceptibility haplotype. The results provide highly valuable information regarding the development
of disorders of sex development and reproductive dysfunction as multifactorial disorders.
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@ 1IF - DT —4 Table 1. Data on pregnancy and delivery.

R BT IR~ AT C BETIRE~™ ATk C-females R-females  P-value

L. HEICH U R 2 e 74 (32 Pregnancy rate 49/79 (62%) 44/99 (44%) 0.024
1) . 725 QN AL AR T L 7= i L s < Litter size (n/dam) 6.75+0.24 5.35+0.41 0.0026
S A 3R T (5 — 2 Sexratio (M:F)  179:143  96:86 0.58
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Table 2. Body weight and AGD/AGDI of C- and R-fetuses at 17.5 dpc.

Body weight(g)
35

C-fetuses R-fetuses P-value

30 W C-females AGD Male 1.37 +£0.03 (n = 73) 1.14+0.33 (n = 33) 0.00015

» O R-females (mm) Female 0.74+0.02 (n=46) 0.61 +0.02 (n =29) 0.00034
AGDI Male 1.46+0.03 (n=73) 1.34+0.06 (n=33) 0.042

*P<0.01

(mm/g®) Female 0.78 +0.02 (n=46) 0.73 +0.03 (n=29) 0.20
Calorie-restriction
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Table 3. Summary of haplotype analysis
Major haplotype HT-1 HT-2 HT-3 HT-4
(SNP10-SNP14) GAGCA AGATC GGGTC AGGTC
<Frequency of estimated haplotypes ~ Japanese>
Cryptorchidism (n=63) 39.7%  34.0% 11.0% 10.3%
Hypospadias (n=43) 43.0% 41.9% 8.1% 3.5%
Control (CB) (n=82) 51.8% 22.6% 85% 9.8%
<Comparison of estimated haplotype frequency~ Japanese >
COvs.CB P-value 0.044 0.034 0.55 1.00
opanese ol oy withrermilenialatn s HSvs.CB  P-value 0.23 0.0024 1.00 0.084
| 7. BSRI ’\70D5'4’707‘377| <Frequency of estimated haplotypes ~ Italian>
Cryptorchidism (n=80) 57.5% 17.5% 8.1% 15.6%
@ AGATCNTORLTHLD Control (CB) (n=150) 66.3% 9.7% 43% 17.0%
2,244 bpR % (AESR1) DEIE <Comparison of estimated haplotype frequency~ Italian >

PIbIL. 24 ) MR COvs.CB  P-value 0.068 0.018 0.55 1.00
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S v Table 4. Association analyses using AESR1
$32% ¢ 2 <Japanese boys> <Italian boys>
LML e CO Hs cB cCoO cB
L —_ (n=149) (n=141) (n=125)  (n=80) (n=150)
S e <Allele frequency>
5 AESR1 100 105 57 31 32
P WT 198 177 193 129 268
’ <Genotype frequency>
Jepanese AESR1/AESR1 22 21 4 3 1
neateare [\ AESR1/WT 56 63 49 25 30
WT/WT 71 57 72 52 119
AeRERES L A <Cochran-Armitage trend test>
Ch6:152068833  Chré:152,068,854 | Chré:152,071,104 P-value 0.0071 0.0003 0.0092

SNP14 (rs3020375)

5 bp overlap
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Table 5. SNP12 (haplotype)-AESR1 genotype combinations

B SR TR Soapanese boys> <ialian boys>
THILND, O (n=149) (n=141) (n=125)  (n=80) (n=150)
DRI ITH AR SNP12-AESRI1 genotype combinations
EOMAAET HEHEMISIL AJACAESRI/AESRI 22 21 4 3 1
%, ZZTINE645 AT AJA-AESRI/WT 0 0 0 0 0
fENTLT=&Z A, 8 NZFR  AIA-WT/WT 0 0 0 0 0
% AESR1IZAGATC/~ AJG-AESRI/AESRI 0 0 0 0 0
Tas AT, Wt o o o o o

- N
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72 (35)o SIULBIRE /o wrwT 71 57 72 52 119

HOIZHRD TR LVERS Edinated SNP12-AESRI haplotype

WEANFROMEEZL A (AGATC)-AESRI 100 103 57 28 29
DITHDOTHD, A (AGATC)-WT 0 0 0 0 0
G (non-AGATC)-AESR1 0 2 0 3 3
G (non-AGATC)-WT 198 177 103 129 268
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