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Cytochrome P450 oxidoreductase deficiency 

(PORD), which is caused by POR gene variants, 
shows broad clinical features including skeletal 
malformations, steroidogenic defects, and 
disorders of sex development (DSD).

・Genetic comprehensive analysis of PORD was 

reported in Japan1, however, clinical symptoms at 

diagnosis and the clinical course of PORD have not 

been reported.

・To reveal clinical symptoms at diagnosis and the 

clinical course of PORD in Japan.
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CLINICAL CHARACTERISTICS OF CYTOCHROME P450 OXIDOREDUCTASE DEFICIENCY:

A NATIONWIDE SURVEY IN JAPAN
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(ABS).7,8 Fusion of carpal bones, scoliosis, and multiple joint

contracture are known components of ABS. Upper airway

obstruction can underlie life-threatening respiratory failure. It is

worth mentioning that ABS is a genetically heterogeneous con-

dition caused by mutations not only in POR but also in FGFR2

and CYP26B1.15,16 ABS in PORD is predicted to result from

impaired activities of CYP51A1 and squalene monooxigenase

involved in cholesterol production and CYP26A1, CYP26B1,

and CYP26C1 involved in retinoic acid (RA) metabolism.2,3,6,16

Cytochrome P450 oxidoreductase deficiency is a unique con-

dition that leads to DSD in both genetic male and female

subjects.2–6 Male patients have hypomasculinized external geni-

talia such as micropenis, hypospadias, and cryptorchidism result-

ing from impaired activity of testicular CYP17A1. Female

patients manifest clitoromegaly and labial fusion, which are

caused by impaired activity of placental CYP19A1. Reduced

CYP19A1 activity induces androgen accumulation in the pla-

centa, leading to virilization of the female fetus and the pregnant

mother. Furthermore, increased 17-hydroxyprogesterone (17-

OHP) in the blood due to impaired activity of adrenal CYP21A2

serves as a substrate for androgens. The “backdoor pathway”, a

Figure 1 CytochromeP450 oxidoreductase (POR) mutations iden-
tified in Japanese patients. (a) Genomic structure of POR. (■ )
Coding regions; (□ ) untranslated regions; (····) deletions. (b) Struc-
ture of the POR protein. FAD, flavin-adenine dinucleotide; FMN,
flavin mononucleotide; NADPH, nicotinamide-adenine dinucleotide
phosphate, reduced. Modified from J. Clin. Endocrinol. Metab.
2009; 94: 1723–31.

Table 1 Salient clinical features of PORD (modified from 6)

Skeletal deformity (Antley–Bixler syndrome)

Craniosynostosis (brachycephaly)

Midface hypoplasia
Conduction deafness

Elbow joint synostosis†

Arachnodactyly

Joint contracture

Fusion of carpal bones

Scoliosis

Upper airway obstruction (including choanal atresia)

46,XY disorders of sex development

Hypospadias

Cryptorchidism

Micropenis

Delayed puberty

46,XX disorders of sex development

Clitoromegaly

Labial fusion

Common urogenital sinus

Delayed puberty

Polycystic ovary

Adrenal dysfunction

Adrenal crisis

Detection on mass screening‡

Maternal virilization during pregnancy

Additional features§

Imperforate anus

Vesicoureteral reflux

Penile agenesis

†Humeroradial, humero-ulnar, or radio-ulnar synostosis. ‡Increased

17-OHP on mass screening. §Reported in only a small number of

patients. 17-OHP, 17-hydroxyprogesterone; PORD, cytochrome P450

oxidoreductase deficiency.

a b

c

Fig. 2 Clinical features of cytochrome P450 oxidoreductase defi-
ciency. (a) Arachnodactyly; (b) fusion of carpal bones, elbow joint
fusion; and (c) 46,XX DSD (labial fusion and clitoromegaly).

Fig. 3 Simplified schematic representation indicating impaired
cholesterologenesis, retinoic acid metabolism, and steroidogenesis in
cytochrome P450 oxidoreductase deficiency (PORD). Only the
important metabolites are shown; reaction steps in which some
metabolites are omitted are indicated by two tandem arrows. The
tissues for the backdoor pathway are currently unknown. DHEA,
dehydroepiandrosterone; DHEA-S, DHEA sulfate; Δ4A,
androstenedione; DHT, dihydrotestosterone. SQLE, CYP51A1,
CYP17A1, CYP21A2, CYP19A1, CYP26A1-C1, and CYP3A7 are
POR-dependent enzymes. Modified from J. Clin. Endocrinol.
Metab. 2009; 94: 1723–31.
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1st questionnaire in Sep 2018: 65 % response rate

2nd questionnaire:  77 % response rate

183 of JSPE councilors

Q: Have you examined PORD patients?

A: 119 councilors answered

39 PORD patients were examined at 20 hospitals

39 examined PORD patients at 20 hospitals

Q: clinical features at diagnosis and clinical courses

30 examined PORD patients (M:F = 13:17) at 18 hospitals

Age (Y) Height (SD) BMI (SD)

At investigation 12.1（0.7–46.1） +0.16（-4.5–+2.5） -0.9（-5.0–+2.0）

At diagnosis 0.21（0ｰ25） × ×

→ No significantly different in height-SD.

Tendency for leanness.
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1. Age, height and BMI

0 10 20 30

1

2

3DSD

Bone malformations

Characteristic facial features

26

3

1

(persons)

External genitalia at diagnosis median range

Quigley scale for male 2.5 1ｰ3

Prader scale for female 2 2ｰ5
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Bone features Others

joint contracture

radioulna fusion

craniosynostosis

shortening of bone

scoliosis

metatarsus adductus

ear canal stenosis

short neck

acetabular dysplasia
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dysarthria

choanal atresia

microtia

deafness

respiratory stenosis

renal malformation

anal atresia
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Total=30
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Legend
30 cases

Arg457His/Arg457His
10

10

Arg457His/others

Others

Unspecified

No variants

Not performed

2

2

1
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Leu612_Trp620 delinsArg 2

IVS7Leu1G>A 2

Arg48fx* 1

Gln201Ter 1

Ser460fs 1

Gln555fsTer611 1

Leu577fs 1

Glu580Gln 1

Arg454His hetero 1

Tyr607Cys hetero 1

Japanese cases had many Arg457His variation 

as previously reported.
1. Fukami M, et al. J Clin Endocrinol Metab. 2009

Abdominal ultrasounds 18 cases

median of performed age 

0.17 years （0–18.3）

Abdominal MRI 9 cases

median of performed age

0.13 years （0.1–15.0）

Total=30

Legend

Legend

Legend

Legend

30 cases stressful situations

daily

No administrations
unknown

15

12

2
1

Evaluation of adrenal function is required to accumulate the POR cases.

2. Diagnosis determing symptoms

4. External genitalia at diagnosis

persons operations years

Male 13

5 urethroplasty 8.4±7.4

2 orchiopexy 1.1, 5.0

Femal

e
17

9 vaginoplasty 3.6±2.7

7 clitoroplasty 4.7±4.4

6 labiaolasty 2.4±1.1

After puberty 15

males 6

androgen replacement 0

females 9

estrogen replacement 7

External genitalia was 

more operated and 

earlier in females than 

males. 

Hormone replacement therapy 

were more in females than in 

males after puberty.

5. Plastic surgery for external genitalia and 

puberty

9. Bone features and others6. POR genetic analysis

7. Imaging tests
Hydrocortisone 26 cases

Prednisolone 2 cases

10. Treatments

15

20 PORD patients were performed.

All 20 PORD patients were suspected with PORD.

3. Urine steroid profile

・Urine steroid profile is useful to diagnose PORD.

・Japanese cases had many Arg457His variation as 

previously reported.

・External genitalia in females may be more severe than in 

males, and sex hormone replacement in females was the 

majority in pubertal stage.

・Hydrocortisone was major for steroid therapy. 

Administration methods are controversial as a permanent 

or only stress. 

8. Development

Developmental delay was seen in 5 of 29 patients. The

Degree of developmental delay was unknown.
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