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Steroid Sa-Reductase Deficiency in Man: An Inherited
Form of Male Pseudohermaphroditism

Abstract, In male pseudohermaphrodites born with ambiguity of the external
genitalia but with marked virilization at puberty, biochemical evaluation reveals a
marked decrease in plasma dihydrotestosterone secondary to a decrease in steroid
Sa-reductase activity. In utero the decrease in dihydrotestosterone results in in-

complete masculinization of the external genitalia. Inheritance is autosomal
recessive.

27 DECEMBER 1974 SCIENCE, VOL. 186

JULIANNE IMPERATO-MCGINLEY &Luis GUERRERO. Department of Medicine, Division of Endocrinology, Cornell
University Medical College, New York 10021

TEOFILO GAUTIER. Universidad Nacional Pedro Henriquez Urena, Department of Pediatrics
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Fig. 1. Mutations identified in the SRD5A2 gene related to Sa-reductase type 2 deficiency.
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* 5-a-Reductase type 2 deficiency (OMIM 264600) is infrequent.
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Genotype Number of reported patients EMS average Standard deviation References

p-G34R/p.G34R 12 3.33 2.06 [37, 38] %%

p-H231R/p.H231R 4 2.00 1.15 [25, 39, 40] 9_—@
5 s 5 55 [22,39,41,42] | &

Table 2 External masculinization scores (EMS) for mutations affecting NADPH Km

Genotype Number of reported patients EMS average Standard deviation References %%
p.P181L/p.181L 4.0 2.83 [43] @
p-G183S/p.G183S 6 4.17 2.48 [44]

p.G1965/p.G196S 12 3.30 0.95 [38, 42, 44-48] -
p-Y235F/p.Y235F 5 4.00 3.46 [22, 37,43, 45] j%
p-R246Q/p.R246Q 14 3.68 1.67 [22, 25, 40, 43, 49-53] /J\
p-R246W/p.R246 W 6 267 1.21 [5.22, 44, 53]

Table 3 External masculinization scores (EMS) for mutations affecting enzymatic activity

Genotype Number of reported EMS Standard deviation References

patients average
p-L35Q/p. L5550 8 3.00 3.00 [22, 47, 54] %%
p-Ql26R/p.Q126R 12 4.17 1.47 [22. 40, 47, 55, 56] }FU
pP.Y9IH/p.Y91H 8 6.12 253 [22, 38, 57. 58]
p.-N160D/pIN160D 4 4.75 2.98 [8.37.39] E_‘ZI:
p-R227Q/p . R2270Q) 24 8.00 1.79 [22, 50, 539-061] 2l
IVS12A=>G/IVS1-2A=>G * 4 4.00 1.83 [62, 63] ﬁﬁ

*Mutation affecting splicing site

Andrea Avendano et.al. Hormones
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Phenotype and Molecular
Characterizations of 30 Children
From China With NR5A7 Mutations

Yanning Song?, Lijun Fan’ and Chunxiu Gong®2*

T Beijing Children’s Hospital, Capital Medical University, National Center for Children’s Health, Beijing, China, © Beijing Key
L aboratory for Genetics of Birth Defects, Beifiing Children’'s Hospital, Capital Medical University, Beijiing, China

Background: PFPatients harboring MANSESAT muotations have a wide spectrum of
chenotyvpes.

Objective: To investigate the phenotype of patients with ANESAT gense mutations from a
20 Chinese patient cohort.

Methods: We reported the clinical features of children wwith AWNESAT gens mutations
and comparaed tham between two groups of patients with social gendasrs of male (boys
group) and female (girls group).

Results: Thirty patients wwith ANHESA T mutations rangimng from 2 months to 17 years of age
weare studied. There were 11 boyws and 19 girls who were identified when they wvisited
the hospital. The patients weaere wverified as hawving testaes without a uterus and owvaries
by B-rmode ultrasound. There was no difference between boys and girls in ternrms of
the Prader stage (o = 0.0868), but the position of the testes wwas highsasr in girls thamn in
boys (o = 0.013). The patients’ average height is —0.43 SDS according to the mnornmal
bows” height with SDS (while their average target height vwas 007 SDS). Howsawear, there
was Nno such difference between boys and girls (o = 0.05). Although the basal LH and
post-hCG testostaronae (1) levels were Nnot different (o = O.05), but the basal FSH lewvel,
LHAFESH ratio, and INHEB lewvel were decreased in girls (o = O0.002; o = O.001; o = O.008).
Al of the motheaers of the patients reported to hawve normal pregnancies. We found 24
patients (B80%26) with Jde nowvo mutations in the WESAT gene; S patients had inherited
mutations from thaeir mothers, and one inhaerited from the father. Only the mothasrs of
patients 16 and 18 showed premature owvarian failure at the time of reporting. Admong
258 disease associated mutations, 14 mnowveael mutations that have beaeen reported the first
time and p.R87C is the most common Aamong the other 12 had had been reported, the
2.R2313C is the most comimon.

Conclusion: Patients with 46, XY MANESAT7T mutations presented a wide spectrum of
external genitalia characteristics and sewverse Sertoli o2l impairment. The p.R87C and
2.-R313C mutations appeared to be common (1 0%6) im this group, and 14 new mutations
weare identified, improwving our understanding the genotype phenotype cormrelations.
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New insights into 5a-reductase type 2 deficiency
based on a multi-center study: population distribution
and genotype-phenotype profiling of SRD5A2 in 190

Chinese patients
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» Background The 5a-reductase type 2 (5a-RD2) deficiency caused by the steroid
S5a-reductase 2 (SRD5A2) gene mutations can generate variable degrees of
undervirilization in patients with 46,XY disorders of sex development. This study
aims to profile phenotypic and genotypic characteristics in a large Chinese 5a-

RD2 deficiency cohort through multi-center analysis.

 Methods: 190 patients diagnosed with 5a-RD2 deficiency were consecutively
enrolled from 8 medical centers in China. Their clinical manifestations and

molecular genetic results were analyzed
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Fig. 1 Distribution of the enrolled patients with 5a-Reductase-2 deficiency from multiple centers.

v Center 1: 104 cases
Center 2: 6 cases
Center 3: 6 cases
More , 3 Center 4: 8 cases
5

Center 5: 1 case

Center 6: 2 cases

Center 7: 34 cases

less Center 8: 29 cases
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Fig. 2 Clinical manifestations in Chinese patients with 5a-Reductase-2 deficiency.

Hypospadias (isolated or combined with microphallus and/or cryptorchidism) was fairly common in the enrolled subjects (66.32%).

= Isolated microphallus Isolated hypospadias

= Isolated cryptorchidism

= Hypospadias = Non-hypospadias = Hypospadias with microphallus

® Microphallus with cryptorchidis
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Fig. 3 Distribution of the variants throughout the SRD5A2 gene region.

1401
@ Homozygous
1204 @l Compound heterozygous
o 1004
o]
§ 80+ Totally, 42 variants, including 13 novel
c
% 60+ variants, in SRD5A2 were identified.
< 401 Homozygous and compound heterozygous
207 mutations presented in 38.42% and 61.58%
0- . . .
(\\ oq' . . K o\ on’ of patients, respectively, and predominated
o ) ) o o o o .
$ $
z(;\- Qj- Q;\- Q;\- Q,-\- \& \o"' in exons 1, 4, and 5.

The most prevalent variant was c.680G>A (52.37%), followed by c.16C>T, (10.79%), c.607G>A, (9.21%) and c.737G>A,
(8.95%).




Fig. 4 Territorial distribution of the variants in Chinese population.

B
100
7 North China

<o [ South China
-]
0y
c
)
S
o
£
o
2
<

¢.680G>A was more common in South China than that in North China (62.62% VS 39.16%, p<0.001), while c.16C>T was reverse (6.07% VS 16.87%, p=0.001).
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Fig. 5 Distribution of the variants among groups with different location of urethral meatus.

100-
B Normal

52 , i Bl Distal hypospadias
Ty 57 P Proximal hypospadias
c ]
o
: . . . .
g 50- c.680G>A prevailed in patients with
= i - normal meatus (68.75%) or distal
2 — il
% 254 ™4 hypospadias (66.28%), compared with

] .- . . . those with proximal hypospadias
0 (35.54%, p<0.001)
v 6,? . 0, p<U. .
A) & patients with proximal hypospadias
N showed a higher frequency of c.16C>T
(20.48%) than that in cases with

normal meatus (3.13%) or distal

hypospadias (3.49%, p<0.001).
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* Conclusions : The study profiled variable phenotypic and wide mutational
spectrum of SRD5A2 and revealed its distinctive population distribution in Chinese
patients with 5a-RD2 deficiency, which further shaped the founder effect and

genotype-phenotype correlation of SRD5A2.
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Background

® Achermann .et.al [1,2] reported initially in 1999 and 2002 that heterozygous mutations of NR5A1 gene
could cause adrenal insufficiency and 46,XY severe testicular dysplasia
® In 46 , XY patients
» Ambiguous genitalia, gonadal dysgenesis without adrenal insufficiency
» Hypergonadotropic hypogonadism, especially high FSH
» Low AMH and INHb level
® |n 46 , XX patients : POF, sex reverse (testicular DSD or ovotesticular DSD)
® So far, 120 variants of NR5AL in HGMD database

® The relationship between genotype and phenotype has not been established yet

[2]Achermann et.al.JCEM.2002



Subjects and Methods

OO0 Two probands of 46, XY disorders of sex development and their family members
were found in our outpatient Department

O Get two 46,XY DSD probands clinical data

OO0 Genetic detection: test all samples from the 2 families

O Clustal Omega (http:/ / www. ebi. AC. uk/ Tools/ msa/clustalo/) was used to analyze

the conservation of the new mutation.



Discussion

Clinical phenotype

» Wide Spectrum of NR5A1-related phenotypes were
reported in 46, XY patients

» The two probands’ mothers showed premature ovarian
failure (POF) or earlier menopause suggested that screening
NR5AL gene is necessary in POF patients

» However, the phenotype of these two families also
suggest that some female patients may be easily missed
diagnosis because of normal fertility preserved in 46, XX

individuals

» We must realized that the negative family history is not
reliable

» Also, the unreliable negative family history caused by
deliberated by the mother for a protection from family
broken.

»  Sisters who carried the same should pay attention to the
sign of POF because of the mother’s example. We suggested

them evaluated
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Testicular histological and immunohistochemical
aspects in a post-pubertal patient with 5
alpha-reductase type 2 deficiency: case report
and review of the literature in a perspective of
evaluation of potential fertility of these patients

Lavinia Vija'”**, Sophie Ferlicot’, Diana Paun’®, Héléne Bry-Gauillard®, Gabriela Berdan’, Issam Abd-Alsamad”®,
Marc Lombes'*® and Jacques Young'-~**"
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Figure 1 Histological characteristics and immunohistochemical detection for AR, AMH and 3BHSD expression, in testicular
paraffin-embedded sections obtained from a 29 year old human adult with normal testicular structures (Figure 1: panels A, D, G, J),

a 17 year-old teenager with 5 a-R2 deficiency (Figure 1: panels B, E, H, K) and a 18 year-old CAIS teenager (Figure 1: panels C,
F, I, L). Panels A, B, C- histology of testicular samples on haematoxylin-eosin staining. Panel A shows complete spermatogenesis in a
seminiferous tubule section of the normal adult testis; Panel B shows heterogeneous seminiferous tubules (ST), in the 5 a-R2 deficiency,
such as tubules presenting large diameters and lumina(white arrows) and other tubules with small diameter lacking lumina (thick black
arrow); Panel C, shows, in a CAIS patient, used for comparison, a homogeneous pattern, with small diameter, immature STs. In this CAIS
patient, STs are delineated by a thickened basal membrane (thick black arrow). In one ST, Sertoli cells with an oncocytic transformation of
the cytoplasm are indicated (white arrow).The interstitial compartment contains an area of Leydig cell hyperplasia (thin black arrow).
Panels D, E, F- show AR immune detection in testicular sections obtained from the three subjects. AR is immunodetected in Sertoli cells,
Leydig cells and peritubular myoid cells. Panel F evidentiates positive AR immunostaning in ST of the CAIS patient's testicular sample.
Panels G, H, I- show AMH immune detection in STs of the testicular sections obtained from the three subjects. Panels J, K, L- show
3BHSD immune detection in Leydig cells of the testicular sections obtained from the three subjects. Scale bars -50 pm.
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Figure 2 Testicular section magnification, on hematoxylin-eosin staining, of the 17 year-old teenager with 5 a-R2 deficiency.

Seminiferous tubules with large diameter and containing only Sertoli cells, surround a flattened section of a tubule, containing Sertoli cells with
oncocytic transformation of the cytoplasm (thick black arow). Scale bar-50 um.
\
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Table 1 Phenotypical and histological characteristics in postpubertal patients with 5a-reductase type 2 deficiency

Patient Age  Caryotype Clinical presentation TV (ml)/TW (g)*  FSH (IU/L)/(xULN)** T (ng/ml)  T/DHT ratio*** SRDSA2 Histology Reference
number  (years) sequencing publication year)
1 14 46 XY Female PA; cryptorchidism TIMA 2004200 36 36 MA SGA [22] (1986}
2 16 45XY Fernale A 383/5.0) MA A NA PST (1%) [5] (1999}
PA; PPH; SCA [145)
dlitoromegaly
cryptarchidism® SGA (25%)
SCO (60%)
3 16 a6 XY Female 3/155 1.0/(0.5) 58 29 MA SCA [22] (1988)
PA; PPH; 4 cm phallus S04
cryptorchidism® €O
) 16 46X F emale PA; PPH; 3 cm phallus 1/ 22 4.5/MA 14 345 NA Mormal [22] (1986)
cryptorchidism
5 18 46 XY Femzle PA; cryptarchidism A 87/0.0) a0 225 NA SGA (22] (1586}
& 17 4XY Female PA; PPH; 3 cm phallus IMNA 20/1.0) 7.2 MNA NA SCO [24] (1980
7 18 46X Female PA; PPH; 3 cm phallus 3MNA 56/(3.1) 68 A, M, 5CO [24] (1980}
g8 8 46XY Fernale PA; PPH; 1.5 cm phallus 15/MA 55/01.1) 10 39 NA Mormal [19] {1980}
9 18 46,XY Female P4; PPH; clitoromegaly NA 8.0/(1.3) MA A NA PST (10%) [51 (1959)
e:ryp'mrchrdism§ SCO (90%)
10 18 46X Female PA; PPH; clitoromegaly NA 130/20) MNA A MA PST [4%) [5] (1999)
SCO (96%]
A 25 46X Femnale P4, PPH; 3 cm phallus MNA NA N 42 Na, Normal (23] (1979)
12 35 46, XY Female PA B/MA 320432 67 335 MA Norrmal 5C0 [22] (1988)
13 45 45XY NA NA NA A A NA Mormal (25] (1977)
14 B85 46X Male perineal hypaospadias; MA 40/4.0) 58 38 MA SCO (1009%) [21] (1980}
5 cm phallus cryprorchidism
15 MNA 46 XY MNA MNA MNA MA NA MA Mormal [20] (1982)
Qur case 17 46X Female PA; PPH; clitoromegaly 89/ 8 14520 7.2 45 Gly115Asp PST [8%) present paper
cryptorchidism SCO (92%)

TV /TW: mean testicular volume in mililiters/ mean testicular weight in grams; “ixULN): ratio between the measured value and the upper limit of normal for the corresponding FSH assay; **T/DHT ratio: testosterong/
dihydrotestosterone ratic; the ratio cutoff for the diagnosis of 5o-reductase type 2 deficiency was set at 10 (3].
PA: primary amenorrhoea; PPH: poseudovaginal perineoscrotal hypespadias; *For these individuals cryptochidism was not specified in the references, but it was suspected, given the female phenotype; NA:

—nat available

SGA: spermatagenic arrest at the level of spermatogonla; PST: prepubertal seminiferous tubules; SCA: spermatogenic arrest at the level of spermatocytes; SCO: Sertoll cell only; Normal normal spermatogenesis,
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(Intracytoplasmic sperm injection, ICSI) 432 k5 4 B HIfkiE
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Guercio G et al. Endocr Dev, 2014,27:87-98

Katz MD et al. N Engl J Med, 1997,336(14):994-997.
Kang HJ et al. Fertil Steril, 2011,95(6):2125.
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Endocrinology & Metabolism

Disorders of sex development: a new
efinition and classification

ceuan A. Hughes™

rofessor, Head of Deparcment of Paediatrics
niversity of Cambridge, Department of Paediatrics, Box [ 1 &6, Level 8 Addenbrooke’s Hospital,

ills Road, Cambridge CB2 OQQ, UK

DSD
I

46,XX DSD

:
@(Y DSD

v

Sex chromosome

5aRD, AIS and NR5A1 gene mutation and so on
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1 11505128 ) LRYIG R TR B EL 3
Group N(11 Prader0-1 ¢ Prader2 ( Prader3 ( Prader4 ( Prader5

5) %) % ) %) %) (%)

A1 5aRD 62 3.2 4.8 37.1 45.2 9.7

2H2 xf AlS 22 22.7 18.2 31.8 27.3 0

FR) NR5A1 14 0 28.6 42.9 21.4 7.1
Other 46, XY DSD 17 5.9 11.8 29.4 41.1 11.8
hG 6.13 20.94 0.023 2.21 0.36
P 0.12 0.051 0.849 0.249 0.469
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Sensitivity

Area Under the Curve
Test Result Variable(s):V
ROC Curve
Asymptotic 95% Confidence Interval
Area Std. Error2 | Asymptotic Sig.P Lower Bound Upper Bound
(o35 027 .000 .883 .988
. a. Under the nonparametric assumption
' b. Null hypothesis: true area = 0.5
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T/DHT (115) Group 1 Control group
5aRD 5aRD AlS NR5A1 Other 46,XY DSD
mutation
Rate (%) Diagnosis  Missed-diagnosis  Misdiagnosis ~ Misdiagnosis Misdiagnosis
(%) (%) (%) (%) (%)
>15.25 90.6 (58/64) 4.8 (4/62) 4.7 (3/64) 1.6 (1/64) 3.1 (2/64)
>20 91.4 (53/58) 14.5(9/62) 5.2(3/58) 0 3.4(2/58)
>30 90.6 (29/32) 53.2(33/62) 6.3 (2/32) 0 3.1(1/32)

P 0.988 0 0.948 0.493 0.994




Results
——Age specificity of T/DHT in 5aRD

Diagnostic probability of different age groups / we considered it s not \

necessary to do genetic

101.00% testing for older children
100.00% based on T/DHT>15.25,
99.00% but for younger children,
98.00% it is best to use genetic to

97.00% R/recheck /
96.00%
95.00%
94.00%
93.00%
92.00%
<ly

Fig 4 The diagnosed rate in different age of 5aRD when T/DHT at 15.25

1-10y >10y

B When T/DHT>15.25, the diagnostic rate was 95.2% (20/21) in <1 years old children
B 97.3% (36/37) in 1-10 year old children
B while the rate of >10 years old children was 100% (4/4)
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