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Abstract. 11-Oxyandrogens, such as 11-ketotestosterone (11-KT), 11-ketodihydrotestosterone (11-KDHT), 
11β-hydroxytestosterone (11-OHT), 11β-hydroxyandrostenedione (11-OHA4), and 11-KA4, are newly specified human 
androgens. These 11-oxyandrogens are present in the cord blood and placenta, as well as in the blood of men and 
women of various ages, and are produced primarily in the adrenal gland. Accumulating evidence suggests that these 
steroids contribute to androgen excess in patients with 21-hydroxylase deficiency or polycystic ovary syndrome. 
More importantly, unlike classic androgens, 11-oxyandrogens produced in maternal tumors can pass through the 
placenta without being converted into estrogens, and cause severe virilization of female fetuses. Thus, overproduction 
of 11-oxyandrogens represents a new mechanism of 46,XX disorders of sex development. On the other hand, the 
physiological roles of 11-oxyandrogens remain to be clarified. This mini-review introduces the current understanding 
of 11-oxyandrogens, from the perspective of pediatric endocrinology.

Key words: 11-oxygenated androgen, 11-oxygenated C19 steroid; 11-ketotestosterone, fetus, disorders of sex 
development (DSD)

Highlights

● 11-Oxyandrogens are newly specified human androgens.
● 11-Oxyandrogens are frequently overproduced in patients with 21-OHD and PCOS.
● Maternal-fetal transfer of 11-oxyandrogens is a novel cause of 46,XX DSD.
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Introduction

Testosterone (T), dihydrotestosterone (DHT), 
and androstenedione (A4) are major human 
androgens (1, 2). These classic androgens promote 
male-specific phenotypes by binding to the androgen 
receptor (AR) (1, 2). Recent studies have identified 
11-oxyandrogens, such as 11-ketotestosterone 
(11-KT), 11-ketodihydrotestosterone (11-KDHT), 
11β-hydroxytestosterone (11-OHT), 11β-hydroxyDHT 
(11-OHDHT), 11β-hydroxyandrostenedione (11-OHA4), 
and 11-ketoandrostenedione (11-KA4), as novel human 
androgens (3, 4). These 11-oxyandrogens are produced 
primarily in the adrenal gland and exert AR binding 
activity of various degrees. This mini-review introduces 
the current understanding of 11-oxyandrogens from the 
viewpoint of pediatric endocrinology.

11-Oxyandrogens in Humans

Identification of 11-oxyandrogens in humans

11-KT has long been known as the major androgen 
in fish (5). Although the presence of 11-KT in the blood of 
humans and other mammals was suggested several years 
ago (5), the clinical significance of 11-oxyandrogens in 
these species has poorly been investigated until recently. 
In 2016, Imamichi et al. documented that human plasma 
contains large amounts of 11-KT and that the plasma 
levels of 11-KT in reproductive aged women are almost as 
high as those of T (6). The authors proposed that 11-KT 
represents one of the major androgens in humans. Other 
researchers also reported high levels of 11-oxyandrogens 
in the blood (3, 4). Currently, 11-KT is considered as the 
major circulating androgen in humans, particularly in 
prepubertal children and women of all ages. Rege et 
al. found that the blood levels of 11-oxyandrogens are 
variable among species and relatively high in primates, 
pigs, guinea pigs, and fish (7).

Biochemical characteristics of 
11-oxyandrogens

11-Oxyandrogens are synthesized from classic 
androgens (Fig. 1). The current understanding is that 11-
OHA4 and 11-OHT are produced primarily in the adrenal 
gland from A4 and T, respectively (3, 4). Cytochrome P450 
family 11 subfamily B member 1 (CYP11B1), the enzyme 
that mediates these conversions, is strongly expressed 
in the adrenal gland. 11-OHA4 and 11-OHT are further 
converted into 11-KA4 and 11-KT, respectively. This step 
is mediated by 11β-hydroxysteroid dehydrogenase type 
2 (HSD11B2), probably in the peripheral tissues and 
adrenal glands. This notion is supported by the results of 
blood sampling from the adrenal vein and inferior vena 
cava (4). Finally, 11-OHT and 11-KT are converted into 
11-OHDHT and 11-KDHT, respectively, through the 
enzymatic activity of 5α-reductase type 1 and 2 (SRD5A1 
and 2) in the peripheral tissues. The major pathway 

from 11-OHA4 to 11-KDHT is predicted to be the route 
via 11-KA4 and 11-KT (4). Previous studies have shown 
that the blood levels of 11-KT are closely correlated with 
those of dehydroepiandrosterone-sulfate (DHEA-S), a 
steroid almost exclusively produced in the adrenal gland, 
supporting the notion that the adrenal gland is the major 
site of 11-oxyandrogen production. The minimal sex 
differences in the blood levels of 11-oxyandrogens argue 
for the non-gonadal origin of these steroids. However, 
Imamichi et al. speculated that gonads also contribute 
to the biosynthesis of 11-KT (6). Indeed, Leydig cells in 
the testis and theca cells in the ovary express CYP11B1 
and HSD11B2.

11-Oxyandrogens have variable binding activities 
to AR. 11-KT and 11-KDHT are potent androgens, 
whereas 11-OHT and 11-OHDHT are less potent, and 
11-A4 and 11-KA4 exert weak androgenic activity 
(8–10). Reportedly, the binding activities of 11-KT and 
11-KDHT to AR are comparable to those of T and DHT, 
respectively (8, 9). In vitro assays have confirmed that 
11-KT and 11-KDHT can alter the expression of AR-
regulated genes (9). Given that AR is involved in all 
androgenic actions in the human body, the high binding 
activity of 11-KT to AR, together with its relatively high 
blood levels, indicates that this steroid is functionally 
important. Since 11-OHA4 is by far the most abundant 
11-oxyandrogen in the blood (3), it may serve as an 
essential precursor of these androgens.

11-Oxyandrogens differ from classic androgens 
in terms of their sensitivity to aromatase (CYP19A1). 
Aromatase converts T and A4 into estrogens; however, 
it does not affect 11-oxyandrogens (1, 6, 11). Hence, 
11-oxyandrogens, but not T or A4, can be transferred 
from maternal circulation to the fetus without being 
metabolized by placental aromatase (Fig. 2). Because 
of their non-aromatizable nature, 11-oxyandrogens can 
exert unique pathogenic effects on sex differentiation 
of female fetuses. This issue is described later in this 
review.

Classic androgens and 11-oxyandrogens in 
fetuses and placentas

O’Shaughnessy et al. measured the steroid levels 
in fetuses aborted during the first or second trimesters 
(12). The authors found that the classical and backdoor 
pathways are operating to produce classic androgens. 
The classical pathway refers to the conversion of A4 to 
DHT via T, whereas the backdoor pathway denotes a 
route from progesterone or 17-OH progesterone (17-
OHP) to DHT without the intermediacy of T (1, 13, 
14). In addition, O’Shaughnessy et al. showed that the 
blood levels of T and androsterone were significantly 
higher in male fetuses than in female fetuses, and 
proposed that these two androgens mediate the genital 
masculinization of genetic males (12). However, the 
levels of 11-oxyandrogens were not measured in that 
study.

11-Oxyandrogens are likely to be produced in 

Clin Pediatr Endocrinol



Fukami

112

doi: 10.1297/cpe.31.2022-0029

fetuses, because fetal adrenal glands clearly express 
several steroidogenic enzyme genes including CYP11B1 
(5, 15, 16). Yoshida et al. measured multiple steroids in 
the placenta obtained from 10 healthy full-term neonates 
(17). The placentas invariably contained substantial 
amounts of 11-oxyandrogens, in addition to classic 
androgens and various androgen precursors. The levels 
of 11-KT and 11-KA4 were higher than those of T and 
A4, respectively. The high levels of 11-KT and 11-KA4 
in the placenta were assumed to reflect high activity 
of HSD11B2 and relatively low activity of HSD11B1. 
Considering that CYP11B1 is barely expressed in the 
placenta (5, 15), 11-oxyandrogen production in the 
placenta should entail steroid transfer from other 
tissues. Presumably, 11-OHT and 11-OHA4 in the 

placenta are transferred from the fetal adrenal gland, 
where CYP11B1 is strongly expressed (5). Furthermore, 
11-oxyandrogens in fetuses may also be derived from the 
maternal circulation. These data imply that the human 
placenta participates in a feto-maternal multi-organ 
network for 11-oxyandrogen production. Since Yoshida 
et al. found no sex differences in the tissue concentration 
of the tested steroids including 11-oxyandrogens (17), 
it remains unknown whether the placenta contributes 
to male-specific steroid metabolism.

More recently, He et al. measured 11-oxyandrogen 
levels in maternal blood samples during pregnancy and 
at term, as well as in neonatal cord blood samples (18). 
The authors detected high levels of 11-OHA4 and 11-
KA4 in these samples. Of these, 11-KA4 levels in the 

Fig. 1. Steroidogenic pathways to classic androgens and 11-oxyandrogens. Classic androgens and 11-oxyandrogens 
are shown in double- and thick-lined boxes, respectively. Estrogens are indicated by broken-lined boxes. 17OH-
P5, 17-hydroxy pregnanolone; 17-OHP, 17-hydroxy progesterone; DHEA-S, dehydroepiandrosterone sulfate; 
DHEA, dehydroepiandrosterone; A4, androstenedione; E1, estrone; T, testosterone, DHT, dihydrotestosterone; 
E2, estradiol; 11-OHA4, 11β-hydroxyandrostenedione; 11-OHT, 11β-hydroxytestosterone; 11-OHDHT, 
11β-hydroxydihydrotestosterone; 11-KA4, 11-ketoandrostenedione; 11-KT, 11-ketotestosterone; 11-KDHT, 
11-ketodihydrotestosterone. HSD3B2, 3β-hydroxysteroid dehydrogenase type 2; CYP21A2, cytochrome P450 21A2; 
SULT2A1, sulfotransferase 2A1; CYP17A1, cytochrome P450 17A1; HSD17B2, 17β-hydroxysteroid dehydrogenase 
type 2; HSD17B1/3, 17β-hydroxysteroid dehydrogenase type 1/3; AKR1C3 (HSD17B5), aldo-keto reductase 1C3; 
CYP19A1, cytochrome P450 19A1 (aromatase); SRD5A1/2, 5α-reductase type 1/2; CYP11B1, cytochrome P450 
11B1; HSD11B1, 11β-hydroxysteroid dehydrogenase type 1; HSD11B2, 11β-hydroxysteroid dehydrogenase type 2.

Fig. 2. Schematic of maternal-fetal transfer of 11-oxyandrogens. Classic androgens are unlikely to pass through the 
placenta because they are converted into estrogens by placental aromatase. However, 11-oxyandrogens can be 
transferred from maternal circulation to the fetus, because they are non-aromatizable steroids. T, testosterone; 
A4, androstenedione; 11-KA4, 11-ketoandrostenedione; 11-KT, 11-ketotestosterone; E1, estrone; E2, estradiol.
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maternal blood rose during pregnancy. In the cord blood, 
the levels of 11-KA4 exceeded those of 11-OHA4 and 11-
KT. This is in contrast to the data of non-pregnant adult 
blood samples, in which 11-KA4 represents only a minor 
fraction of 11-oxyandrogens (19). The accumulation of 
11-KA4 in the placenta can be explained by the high 
enzymatic activities of HSD11B2 and HSD17B2 (Fig. 
1) (5, 15, 18). He et al. proposed that placental HSD17B2 
protects fetuses from the androgenic action of excessive 
11-KT (18).

Classic androgens and 11-oxyandrogens in 
the body after birth

Classic androgens are produced in the testis during 
the fetal and neonatal periods, and also after puberty (1, 
2). Sexual differences in the blood T levels of fetuses are 
apparent from the first trimester. During reproductive 
ages, the average blood T levels are more than 10-
fold higher in men than in women (19). These classic 
androgens are essential for genital masculinization, 
pubertal sex development, and reproduction (2).

11-Oxyandrogens are also produced from the 
fetal period. du Toit et al. documented that the blood 
samples of neonates contain more 11-oxyandrogens than 
classic androgens (5, 20). After the onset of adrenarche, 
the blood levels of 11-KT and other 11-oxyandrogens 
gradually increase (21, 22). In girls, the blood levels of 
11-KT during adrenarche exceed those of T (22). This 
increase in 11-oxyandrogen levels during adrenarche 
is accompanied by an increase in the blood levels of 
DHEA, DHEA-S, and T, and can be ascribed to the 
activation of adrenal steroidogenesis (22, 23). Rege et 
al. reported that the blood levels of 11-OHT and 11-
KT were significantly higher in girls with premature 
adrenarche than in age-matched unaffected girls (22), 
indicating that 11-oxyandrogens may play a role in 
the phenotype of premature adrenarche. In adulthood, 
the blood levels of 11-KT and 11-KA4 remain stable 
in women throughout their life, while these steroids 
gradually decline in men (19). The levels of 11-OHA4 
and 11-OHT modestly increase with age in women, 
but remain constant in men. Sustained blood levels of 
11-oxyandrogens in adult women are in contrast to the 
age-dependent decrease in the levels of T, DHEA, and 
DHEA-S (24). Notably, the levels of 11-OHA4, 11-KA4, 
and 11-KT are only minimally higher in adult men 
than in adult women. These data imply that aging and 
sex exert relatively minor effects on 11-oxyandrogen 
production in the adrenal gland. On the other hand, Davio 
et al. demonstrated that 11-oxyandrogen production is 
affected by body weight (19). Specifically, high body mass 
index (BMI) was associated with low 11-KA4 levels and 
high 11-KT levels in women and men, respectively. This 
can be explained by the relatively high HSD17B2 activity 
in obese individuals.

Pathophysiological Roles of 
11-Oxyandrogens from the Viewpoint of 
Pediatric Endocrinology

Physiological roles of 11-oxyandrogens

To date, the physiological roles of 11-oxyandrogens 
are poorly understood. It remains unknown whether these 
steroids are essential for the normal masculinization of 
genetic males. Given that 11-oxyandrogens are produced 
primarily in non-gonadal tissues (3, 4), these steroids 
may not be involved in male sex development under 
physiological circumstances. Indeed, 11-oxyandrogen 
measurement of full-term placentas and postnatal blood 
samples demonstrated no sexual dimorphism (17). 
However, under pathological conditions, accumulation 
of 11-oxyandrogens underlies androgen excess in genetic 
females. This issue is discussed in the next section.

11-Oxyandrogens in patients with 
21-hydroxylase deficiency

21-Hydroxylase deficiency (21-OHD) is the most 
common form of congenital adrenal hyperplasia (25). 
Androgen excess and glucocorticoid deficiency are 
characteristic features of 21-OHD (25). In patients with 
21-OHD, accumulated 17-OHP in the adrenal gland 
is converted into A4, which serves as a substrate for 
both T and 11-oxyandrogens. Indeed, the blood levels of 
classic androgens and 11-oxyandrogens are frequently 
increased in patients with 21-OHD. For example, Turcu 
et al. showed that the blood levels of 11-OHA4, 11-KA4, 
11-OHT, and 11-KT in patients with 21-OHD under 
standard glucocorticoid supplementation therapy were 
three- to four-fold higher than those in age- and sex-
matched unaffected individuals (3, 26).

11-Oxyandrogens may be used as biomarkers for 
disease control in patients with 21-OHD. Reportedly, 
the blood levels of 11-OHT and 11-KT were higher in 
patients with menstrual irregularity and hirsutism than 
in those without these features (3). Likewise, blood levels 
of 11-KT and other 11-oxyandrogens were increased in 
patients with 21-OHD and testicular adrenal rest tumors 
(TART) (27). Steroid measurement of spermatic vein 
blood samples suggested that TART can produce various 
11-oxyandrogens (28). Particularly the high levels of 
11-OHT in the spermatic vein blood samples of patients 
with TART (28) are indicative of high CYP11B1 activity 
in these tumors.

11-Oxyandrogens in patients with polycystic 
ovary syndrome

Polycystic ovary syndrome (PCOS) is a common 
multifactorial disorder affecting 5–15% of women of 
reproductive age (29, 30). Women with PCOS typically 
present with hyperandrogenic features, in addition 
to ovarian dysfunction and metabolic abnormalities 
(29, 30). Excessive androgens in PCOS patients are 
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assumed to be produced in both the ovary and adrenal 
gland (3). Both the classical and backdoor pathways for 
DHT production are activated in women with PCOS 
(31). Several studies have demonstrated that not 
only classic androgens, but also 11-oxyandrogens are 
often increased in the blood of PCOS patients (32). For 
example, Yoshida et al. compared the steroid levels in 
PCOS patients to those in eumenorrheic women, and 
found that eight of 28 patients had high levels of both 
11-oxyandrogens and classic androgens, whereas four 
and 12 had an increase in only 11-oxyandrogen levels 
and classic androgen levels, respectively (33). These data 
indicate that PCOS is an etiologically heterogeneous 
condition and that 11-oxyandrogens are overproduced 
in certain subgroups of PCOS. On the other hand, 
Yoshida et al. found no evidence that accumulation of 
11-oxyandrogens contributes to the high frequency of 
anxiety and depression in PCOS patients (34). Since the 
blood levels of 11-OHT and 11-KT in the patients were 
correlated with BMI, it is likely that overweight/obesity 
enhances 11-oxyandrogen overproduction in PCOS. In 
this regard, Torchen et al. reported that 11-KT levels 
were similarly elevated in peripubertal girls with obesity 
and premenarchal daughters of women with PCOS (35). 
These data suggest significant activation of androgen 
production in the adrenal gland. The A4:11-OHA4 ratio 
of the patients may be useful to assess the tissue origin 
of excessive androgens (the adrenal or the ovary) (4).

Maternal-fetal transfer of 11-oxyandrogens 
leading to 46,XX disorders of sex 
development

In 2020, Nagasaki et al. reported a case of a 
maternal adrenal tumor, in which the overproduction 
of 11-oxyandrogens caused severe virilization of a female 
fetus (36). The proband presented with virilized external 
genitalia of Prader grade 3. The 31-yr-old mother of 
the proband manifested hirsutism for several years. 

Eight months after the birth of the proband, the mother 
was diagnosed with adrenal adenoma and underwent 
comprehensive steroid measurements. The levels of T, 
A4, and DHT in the maternal blood remained within 
the normal range; however, the levels of 11-OHA4, 11-
OHT, and 11-KT were markedly elevated. These findings 
provide the first evidence that 11-oxyandrogens can be 
synthesized in adrenal adenomas and pass through the 
placenta to cause severe virilization of female fetuses. 
Such a maternal-fetal transfer is unlikely to occur 
in classic androgens, because they are subjected to 
enzymatic conversion by placental aromatase (1, 2). The 
findings by Nagasaki et al. indicate that 11-oxyandrogen 
overproduction in maternal tumors represents a novel 
cause of 46,XX disorders of sex development (DSD).

Conclusions

It has become apparent that 11-oxyandrogens are 
the major circulating androgens in humans, particularly 
in children and women. 11-oxyandrogens underlie 
androgen excess in a certain percentage of patients 
with 21-OHD and PCOS. More importantly, because 
of their non-aromatizable nature, 11-oxyandrogens 
play a unique role in the development of DSD. Still, 
the physiological roles of 11-oxyandrogens need to be 
clarified in future studies.
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