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child with non-classic lipoid
congenital adrenal hyperplasia
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Background: Lipoid congenital adrenal hyperplasia (LCAH) is a rare and severe

disorder that is caused by mutations in the steroidogenic acute regulatory

protein (StAR). Non-classic LCAH is defined as late-onset glucocorticoid

deficiency and even complete male external genitalia in 46,XY individuals.

However, to date, few cases of non-classic LCAH have been reported.

Methods: It was attempted to describe the clinical characteristics of a male

child with complete male external genitalia in terms of age of onset, adrenal

function, and biochemical indicators. Previously reported cases were also

reviewed to investigate the relationship of age of onset with enzymatic

activity in non-classic LCAH.

Results: The patient with complete male external genitalia was diagnosed with

non-classic LCAH, in which the reason for his referral to a local hospital at the

of age 1.25 years was progressive skin hyperpigmentation, and plasma

adrenocorticotropic hormone (ACTH) level was elevated to higher than 1,250

pg/ml. The compound heterozygous mutations c.772C>T/c.562C>T in STAR

gene were identified via genetic testing. The literature review resulted in

identification of 47 patients with non-classic LCAH from 36 families. The

mutational analysis showed that c.562C>T mutation was prevalent in patients

with non-classic LCAH, accounting for 37.2% of the total mutant alleles,

which could reflect the founder effect on the non-classic LCAH population.

In total, 28 46,XY patients were reported, including 22 (78.5%) cases with

complete male external genitalia and six (21.5%) cases with different degrees

of hypospadias.
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Conclusion: The clinical phenotypes of non-classic LCAH are highly variable.

Routine physical examination, laboratory measurement, genetic testing, and,

importantly, enzymatic activity assay may facilitate the early diagnosis of non-

classic LCAH. The age of primary adrenal insufficiency (PAI) onset may not be a

diagnostic basis for non-classic LCAH, and enzymatic activity assay

determination may be more effective.
KEYWORDS

lipoid congenital adrenal hyperplasia, non-classic LCAH, steroidogenic acute
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Introduction

Lipoid congenital adrenal hyperplasia (LCAH) is a rare and

severe disorder that is caused by mutations in the steroidogenic

acute regulatory protein (StAR) (1). StAR is a cytoplasmic

enzyme with 285 amino acids encoded by the STAR gene

located on chromosome 8p11.2 and consists of seven exons. It

plays an indispensable role in the delivery of cholesterol from the

outer to the inner mitochondrial membrane in the initial steps of

steroid synthesis (2). Patients with LCAH are typically

characterized by lipoid accumulation in the adrenal glands,

adrenal insufficiency in infants, and female external genitalia

regardless of karyotype. Regarding several cases caused by STAR

gene mutations, LCAH is divided into classic LCAH and non-

classic LCAH according to sex reversal and age of onset (3).

Non-classic LCAH is defined as late-onset glucocorticoid

deficiency and even complete male external genitalia in XY

individuals. The present study aimed to report the clinical and

molecular characterization of a Chinese male child with

complete male external genitalia who was diagnosed with non-

classic LCAH. Previously reported cases were also reviewed to

enhance the understanding of non-classic LCAH.
Methods

Patient

In the present study, the patient has undergone extensive

physical and laboratory examination for the evaluation of

primary adrenal sufficiency. Collection of his clinical features

and laboratory data was attempted when he was initially

admitted to a hospital for adrenal insufficiency. Routine

examination included testing of liver and kidney functions and

measurement of the levels of serum insulin-like growth factor-1

(IGF-1) and insulin-like growth factor-1-binding protein 3

(IGFBP3). Furthermore, assessment of renin-angiotensin-
02
aldosterone system (RAAS) function and gonadal function,

measurement of plasma adrenocorticotropic hormone (ACTH)

and cortisol levels, and ACTH stimulation test were performed.

Bone age was assessed using the Greulich–Pyle (G-P) and

Tanner–Whitehouse 3 (TW3) methods. Clinical data on the

first and follow-up visits were collected, including birth history,

history of growth and development, physical examination,

laboratory data, and radiological data.
Molecular and enzymatic activity assays

Genomic DNA was extracted from the peripheral blood using

the DNA extraction kit (Qiagen Hilden, Germany). Primers were

designed according to the STAR gene sequence from GenBank. The

STAR gene was amplified using polymerase chain reaction (PCR).

The enzymatic activity of four mutants of the STAR gene was herein

investigated, including some mutations that had been functionally

analyzed previously or merely reported. Non-steroidogenic COS-7

cells (CRL-1651; http://www.atcc.org) were cultured in Dulbecco’s

modified Eagle’s medium (DMEM; Life Technologies Corp.,

Carlsbad, CA, USA) supplemented with 12% fetal bovine serum

and 1% antibiotics (50 units/ml penicillin and 50 mg/ml

streptomycin) at 37°C in an incubator (5% CO2 with humidity of

95%). Cells were seeded into 12-well plates and transfected using

Lipofectamine 2000 reagent (Invitrogen Inc., Carlsbad, CA, USA)

with 1 mg of empty plasmid, wild-type STAR, or mutant STAR

constructs together with 1 mg of F2 plasmid, which were kindly

provided by Walter L. Miller, UCSF, San Francisco, USA (4), at a

confluence of approximately 80%. After 48 h of transfection, the

culture supernatants were collected and the pregnenolone synthesis

from endogenous cholesterol or 22(R)-hydroxycholesterol was

assayed with an ELISA kit (ALPCO Diagnostics Inc., Salem, NH,

USA). The empty plasmid served as a negative control to measure

StAR-independent steroidogenesis. In the positive control, soluble

hydroxysterol 22(R)-hydroxycholesterol (5 mg/ml; Sigma-Aldrich

Chemie GmbH, Munich, Germany) was added. It is widely
frontiersin.org
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accepted that 22(R)-hydroxycholesterol can directly enter the

mitochondria for the synthesis of steroid hormones without the

contribution of enzymes. Therefore, the positive control reflects the

maximum production potential of various enzymes in the cells to

catalyze the production of pregnenolone. All experiments were

carried out in triplicate, and each experiment was repeated three

times. In the positive well, cells were incubated with 3 ml 22R-
hydroxycholesterol (22R-OH) as the physiological source of

cholesterol pregnenolone that was synthesized from endogenous

cholesterol or 22(R)-hydroxycholesterol.
Literature review

“Congenital lipoid adrenal hyperplasia” was searched in the

PubMed andWanfang databases to retrieve English and Chinese

published articles. A total of 106 articles were published until

September 2021, in which the diagnosis of non-classic LCAH

was confirmed by genotyping, and participants’ clinical

characteristics were described.
Statistical analysis

All data were analyzed using Microsoft Excel software.
Results

Case presentation

The Chinese male child was born at a gestational age of 37

weeks with complete male external genitalia (descended testes,

micropenis without hypospadias). His birth weight was 3.34 kg,

and his birth length was 50 cm. He had no history of adrenal

insufficiency, and the only reason for his referral to a local hospital

at the age of 1.25 years was progressive skin hyperpigmentation.

Laboratory examination revealed plasma ACTH of more than

1,250 pg/ml (normal range, 7–65 pg/ml), cortisol 8 a.m. was 1.36

mg/dl (normal range, 6.7–22.6 mg/dl), cortisol 4 p.m. was 0.97 mg/
dl (normal range, 6.7–22.6 µg/dl), and testosterone level was <0.1

ng/ml, and he was therefore diagnosed with primary adrenal

insufficiency (PAI). Hydrocortisone was given as treatment for

PAI. At the age of 43 months, he was referred to our department

for the elevated ACTH level and a micropenis. His height and

weight were 111 cm [+2.9 standard deviation (SD)] and 24 kg ( +3

SD), respectively; his blood pressure was 86/56 mmHg.

Examination showed generalized hyperpigmentation of the skin.

His stretched penile length was 1.5 cm, testicular volume was 3 ml,

and Tanner stage of PH1 was recorded. Laboratory examination

revealed that the levels of sodium and potassium were 135 (range,

130–147) and 4.22 (range, 3.5–5.1) mmol/L, and no hyperkalemia

and hyponatremia were detected. Moreover, the following
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laboratory data were collected: plasma ACTH level of 1,744

(normal range, 12–78) pg/ml, basal 17-hydroxyprogesterone

(17-OHP) level of 0.07 (normal range, 0.07–1.53) ng/ml, cortisol

level of 0.2 (normal range, 6.7–22.6) mg/dl, plasma RAAS activity

of 9.99 (normal range, 0.1–5.5) ng/ml/h, aldosterone (Ald) level of

0.1 (normal range, 29.4–161.5) pg/ml, angiotensin II level of

134.22 (normal range, 18–103) pg/ml, and testosterone level of

0.01 (normal range, 1.75–7.81) ng/ml. The ACTH stimulation test

showed no changes in the levels of cortisol and 17-OHP (Table 1).

Chromosome analysis revealed a 46,XY karyotype. Luteinizing

hormone-releasing hormone (LHRH) stimulation test evaluated

the hypothalamic-pituitary-gonadal (HPG) axis (Table 2), and the

result indicated that the HPG axis was not activated. The

ultrasound revealed that the left testis was 21 * 11 * 8 mm3 and

the right testis was 17 * 11 * 10 mm3, and the adrenal ultrasound

displayed normal data without enlargement.
Mutational analysis and enzymatic
activity assay

The results of exome sequencing revealed compound

heterozygous STAR mutation for c.772C>T (p.Q258X) and

c.562C>T (p.R188C). Pedigrees of his family with STAR gene

mutations and Sanger sequencing confirmation of compound

heterozygous mutations analyzed by the direct DNA sequencing are

shown in Figure 1. The activity of StARwas assessed, and it was found

that the wild-type mutation had 0.35%/10.47% activity (Figure 2).
Literature review

All English and Chinese published articles on non-classic

LCAH published until September 2021 and indexed in the

PubMed and Wanfang databases were retrieved. In total, 14

mutations in 47 patients from 36 families were found to be

associated with non-classic LCAH (Table 3) (3–17). As shown in

Table 3, 46,XY and 46,XX patients accounted for 59.6% (28/47) and

40.4% (19/47), respectively. Moreover, 22 male non-classic LCAH
TABLE 1 The results of ACTH stimulation test.

0 min 30 min 60 min

Progesterone(0.14-2.06 ng/ml) 0.01 0.01 0.01

17-OHP(0.07-1.53 ng/ml) 0.07 0.03 0.04

Cortisol(6.7–22.6 mg/dl) 0.2 0.41 0.22

Dehydroepiandrosterone sulfate (5-57 mg/dl) 2.9 3.1 2.9

Androstenedione(0.15-3.10 ng/ml) 0.15 0.11 0.05

Testosterone (1.75-7.81 ng/ml) 0.01 0.01 0.01

Ald(29.4-161.5 pg/ml) 0.1 0.1 0.1
fronti
17-OHP, 17-hydroxyprogesterone; ACTH, adrenocorticotropic hormone; Ald,
aldosterone.
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patients with complete male external genitalia (78.5%) and six cases

of hypospadias with different degrees (21.5%) were identified.

Figure 3 shows the diagram of the STAR gene indicating the

location of mutations (including enzymatic activity) identified in

patients with non-classic LCAH. These mutations included 14

missense mutations without nonsense, frameshift, and splice-site

mutations. Moreover, c.562C>T,STAR-R188C was detected as the

most common mutation of STAR gene in non-classic LCAH

patients, accounting for 37.2%, including 14 homozygous

mutations and one compound heterozygous mutation. Enzymatic

activity assay showed that c.562C>T,STAR-R188C mutation had

reserved 13.6% (3) and 12.8% (4) activity, sufficient to maintain a

virilizing phenotype. The other less common mutations included

STAR-E123K (2%), STAR-T164K (1%), STAR-L178Q (1%), STAR-

V187M (3%), STAR-R192C (7%), STAR-A218V (5%), STAR-

G221S (4%), STAR-G221D (2%), STAR-M255T (2%),

STAR-L260P (1%), STAR-F267S (1%), STAR-R272C (4%), and

STAR-L275P (1%). Enzymatic activity of <10% was found in two

patients, including one 46,XY patient with compound heterozygous

mutations p.L260P and p.F267S who was born with a micropenis,

third-degree hypospadias, severe chordee, a hypoplastic scrotum,

and palpable testes, with enzymatic activities of 1.8% and 9.5%; the

other case was a 46,XX girl with homozygous G221Dmutation who

first presented at the age of 11 months with adrenal crisis including

vomiting that led to the diagnosis of congenital adrenal hyperplasia

(CAH), and an enzymatic activity of 6.3% was recorded.
Frontiers in Endocrinology 04
Discussion

1. Clinical and molecular characterization
of the patient

LCAH is a rare and fatal disease caused by loss of functional

mutations of StAR. To date, more than 190 patients with LCAH

caused by 70 STAR mutations have been reported (17). Patients

with classic LCAH were typically characterized by lipoid

accumulation in the adrenal glands, adrenal insufficiency in

infants, and female external genitalia, regardless of karyotype.

Some pa t i en t s w i th STAR muta t i on s d eve l oped

hyperpigmentation and PAI after infancy, especially 46,XY

patients presented with male external genitalia, and they were

classified as non-classic LCAH (3). In the present case report, the

patient had amicropenis with normal testes and hyperpigmentation

at the age of 7 months. Laboratory investigation revealed a high

ACTH level and low levels of cortisol and testosterone, and the

patient was diagnosed with PAI with signs of mineralocorticoid and

glucocorticoid deficiency and adrenal androgen deficiency. Based

on the presence of a micropenis and the later onset of

hyperpigmentation, along with failed ACTH stimulation test and

XY karyotype, we suspected the diagnosis of mutations of NR0B1,

CYP11A1, and STAR genes or familial glucocorticoid deficiency

(FGD) (MC2R, MRAP, NNT, and AAAS). Gene sequencing is the

most appropriate diagnostic method to differentiate these diseases.

Ishii et al. (9) described non-classic LCAH as either Quigley grade 1

in XY karyotype, no episode of salt losing or requirement of

fludrocortisone, or onset of PAI at 1 year or older, while the

onset age of PAI is overlapped between non-classic LCAH and

classic LCAH (18). In the present study, it was attempted to report a

boy with complete male external genitalia who was diagnosed with

non-classic LCAH. He had enzymatic activity of greater than 10%,

and one girl was diagnosed with classic LCAH with the same
FIGURE 1

Sanger sequencing confirmation of the patient.
TABLE 2 The results of LHRH stimulation test.

0 min 30 min 60 min 90 min

Luteinizing hormone (IU/L) 0.3 3.6 2.8 1.5

Follicle-stimulating hormone (IU/L) 0.6 3.7 4.4 3.9
LHRH, luteinizing hormone-releasing hormone.
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mutation as this patient’s, whereas the onset age of PAI was before 1

year old. A previous study demonstrated that the age of onset of

non-classic LCAH was after the age of 2 years (2). Therefore,

consideration is essential to indicate whether the onset age of PAI is

the basic clue for the diagnosis of non-classic LCAH, and the

literature review was therefore performed.
2. Phenotype and genotype of
non-classic lipoid congenital
adrenal hyperplasia

Baker et al. (3) in 2006 first reported that LCAH patients

with 46,XY karyotype can present with complete male external

genitalia, and 14 mutations in 47 patients from 36 families have

been identified to cause non-classic LCAH. All previously

reported cases were also reviewed to investigate the genotype–

phenotype relationship. The mutational analysis showed that

c.562C>T(p.R188C) mutation was prevalent in patients with

non-classic LCAH, accounting for 37.2% of the total mutant

alleles, which could reflect the founder effect on the non-classic

LCAH population. It was revealed that the same mutation had

different clinical manifestations. We also found that 17 reported

patients with c.562C>T homozygous mutation had different

phenotypes: among 11 patients with 46,XY karyotype, nine

had complete male external genitalia while two had glandular

hypospadias, with the onset age of PAI from birth to 48 years; six

patients with 46,XX karyotype had different onset ages of PAI

(0–17 years). In our previous study (17), patient F34 (46,XY) had

complete male external genitalia and with the compound

heterozygous variants (c.367G>A/c.465+2T>A,p.Glu123Lys/
Frontiers in Endocrinology 05
unknown), in which the enzymatic activity assay revealed that

STAR-Glu123Lys was reserved by 26.15%, and the high residual

activity could rescue the steroidogenesis capacity of fetal Leydig

cells because he had developed male external genitalia although

he had first presented at the age of 6 months with adrenal

insufficiency after receiving the first dose of vaccine. Patient F35

shared the same mutation as patient F34, while they were from

different families, and she had first presented at the age of 9

months with adrenal insufficiency. Patient F36 was diagnosed at

the age of 33 months when he presented with pneumonia, and

routine investigation showed hyponatremia without

hyperkalemia. This case had c.562C>T and c.772C>T

mutations, and the residual enzymatic activity could also

rescue the steroidogenesis capacity of fetal Leydig cells because

he had developed male external genitalia in the presence of a

micropenis, and assessment of RAAS revealed a high renin level

and a low Ald level without hyponatremia and hyperkalemia;

thus, he was diagnosed with non-classic LCAH. Moreover, no

significant correlation between genotype and phenotype of non-

classic LCAH was identified.
3. 46,XY male patients with non-classic
lipoid congenital adrenal hyperplasia

It is widely accepted that the current classification criteria for

non-classic LCAH include late age of onset (generally defined as

onset after age of 2–4 years) and external genital development

that is consistent with the chromosomal karyotype (2). The

majority of LCAH patients presented with female external

genitalia, while few cases were reported with male external
FIGURE 2

Enzyme activity assay to detect the pregnenolone concentration in this patient.
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TABLE 3 Fourteen mutations in 47 patients with non-classic LCAH from 36 families.

Gender Nucleotide change aa change Age Residual activity Reference

F1 46,
XX

F c.559G>A/c.559G>A p.V187M 4y 21.6% Baker et al., 2006 (3)

F2-1 46,
XY

M c.562C>T/c.562C>T p.R188C 2.2y 13.6% Baker et al., 2006 (3)

F2-2 46,
XY

M c.562C>T/c.562C>T p.R188C 2.8y 13.6% Baker et al., 2006 (3)

F3-1 46,
XY

M c.577C>T/c.577C>T p.R192C 5y 50% Metherell et al., 2009 (5)

F3-2 46,
XX

F c.577C>T/c.577C>T p.R192C ? 50% Metherell et al., 2009 (5)

F3-3 46,
XX

F c.577C>T/c.577C>T p.R192C ? 50% Metherell et al., 2009 (5)

F4-1 46,
XX

F c.562C>T/c.562C>T p.R188C 2y 13.6% Metherell et al., 2009 (5)

F4-2 46,
XY

M c.562C>T/c.562C>T p.R188C 58y 13.6% Metherell et al., 2009 (5)

F5-1 46,
XY

M c.562C>T/c.562C>T p.R188C 6y 13.6% Metherell et al., 2009 (5)

F5-2 46,
XY

M c.562C>T/c.562C>T p.R188C ? 13.6% Metherell et al., 2009 (5)

F6-1 46,
XX

M c.562C>T/c.562C>T p.R188C 1.5y 13.6% Metherell et al., 2009 (5)

F6-2 46,
XX

M c.562C>T/c.562C>T p.R188C <1y 13.6% Metherell et al., 2009 (5)

F6-3 46,
XY

F c.562C>T/c.562C>T p.R188C <1y 13.6% Metherell et al., 2009 (5)

F7 46,
XY

glandular
hypospadias

c.562C>T/c.562C>T p.R188C 3y 13.6% Metherell et al., 2009 (5)

F8 46,
XY

hypospadias c.562C>T/c.562C>T p.R188C 4y 12.8% Sahakitrungruang et al., 2010
(6)

F9 46,
XY

Ambiguous genitalia c.6732T>C/c.6753T>C p.L260P/p.F267S 0 1.8%/9.5% Sahakitrungruang et al., 2010
(6)

F10 46,
XY

Ambiguous genitalia c.562C>T/c.749C>A p.R188C/p.W250X 3.5m 12.8% Sahakitrungruang et al., 2010
(6)

F11 46,
XX

F c.5780G>A/c.5780G>A p.G221D 12y 6.3% Sahakitrungruang et al., 2010
(6)

F12-
1

46,
XX

F c.661G>A/c.125-126insG p.G221S/
p.T44H_S46X

10m 30-50% Flück et al., 2011 (7)

F12-
2

46,
XY

M c.661G>A/c.125-126insG p.G221S/
p.T44H_S46X

14m 30-50% Flück et al., 2011 (7)

F13 46,
XY

? / p.M225T/p.Q258X 10m 43% Nakae et al., 1997 (8)

F14 46,
XY

M c.950T>C/c.577C>T p./L275P/p.R192C 2m 24%/50% Bose et al., 1996 (4)

F15 46,
XX

F c.653C>T/c.950T>C p.A218V/p.L275P 35d 20% Bose et al., 1996 (4)

F16 46,
XY

M c.653C>T/c.772C>T p.A218V/p.Q258X 1m 20%/0 Nakae et al., 1997 (8)

F17-
1

46,
XY

M c.653C>T/c.772C>T p.A218V/p.Q258X 9d 20%/0 Nakae et al., 1997 (8)

F17-
2

46,
XX

F c.653C>T/c.772C>T p.A218V/p.Q258X 35d 20%/0 Nakae et al., 1997 (8)

F18 46,
XX

F c.653C>T/c.772C>T p.A218V/p.Q258X 13d 20%/0 Nakae et al., 1997 (8)

(Continued)
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genitalia that were diagnosed as non-classic LCAH. A high

residual activity could rescue the steroidogenesis capacity of

fetal Leydig cells because these patients develop male external

genitalia. The clinical phenotype is related to the residual

enzymatic activity, in which the enzymatic activity >10%–20%

is considered as non-classic LCAH and the enzymatic activity

<10% is considered as classic LCAH (9). The literature review

resulted in the identification of 28 46,XY patients, of whom 22

cases had complete male external genitalia (78.5%), their

residual enzymatic activity was not more than 20%, even was
Frontiers in Endocrinology 07
<10%, and the onset age of PAI was 0–58 years; there were six

cases with different degrees of hypospadias (21.5%), in which

their residual enzymatic activity was ≥10% and even >20%.

Therefore, a higher residual enzymatic activity can maintain the

formation of male external genitalia, while it does not necessarily

indicate that the onset age of PAI is late, and it could be affected

by several factors, such as stress, temperature, sodium intake,

and StAR-independent steroid pathways. It is noteworthy that

46,XY patients can be diagnosed before the age of 1 year, and the

onset age of the same mutation is also different in classic and
TABLE 3 Continued

Gender Nucleotide change aa change Age Residual activity Reference

F19 46,
XY

M c.815G>A/c.772C>T p.R272C/p.Q258X 5y 35%/0 Ishii et al., 2020 (9)

F20 46,
XY

M c.815G>A/c.772C>T p.R272C/p.Q258X 4y 35%/0 Ishii et al., 2020 (9)

F21 46,
XY

M c.64_177.del/c.64_177.del p.G22_L59del 0 0 Ishii et al., 2020 (9)

F22 46,
XY

M c.661G>A/c.653C>T p.G221S/p.A218V 17m 30-50%/20% Bae, et al., 2020 (10)

F23-
1

46,
XX

F c.553T>A/c.737A>G p.L178Q/p.D246F 2y ? Luo et al., 2020 (11)

F23-
2

46,
XY

M c.553T>A/c.737A>G p.L178Q/p.D246F 2y ? Luo et al., 2020 (11)

F24 46,
XX

F c.562C>T/c.562C>T p.R188C 14m 12.8% Burget et al., 2018 (12)

F25 46,
XX

F c.562C>T/c.562C>T p.R188C 3y 12.8% Tsai et al., 2016 (13)

F26-
1

46,
XY

M c.562C>T/c.562C>T p.R188C 6y 12.8% Tsai et al., 2016 (13)

F26-
2

46,
XY

M c.562C>T/c.562C>T p.R188C 9y 12.8% Tsai et al., 2016 (13)

F27 46,
XY

M c.562C>T/c.562C>T p.R188C 4y 12.8% Tsai et al., 2016 (13)

F28 46,
XX

F c.562C>T/c.562C>T p.R188C 17y 12.8% Tsai et al., 2016 (13)

F29 46,
XX

F c.815G>A/c.772C>T p.R272C/p.Q258X 29m 35%/0 Kang et al., 2017 (14)

F30 46,
XY

Ambiguous genitalia Exon1and >50 bp upstream of
promoter

0 ? Piya et al., 2017 (15)

F31 46,
XY

M c.815G>A/c.772C>T p.R272C/p.Q258X 18m 35%/0 Liang et al., 2021 (16)

F32 46,
XY

Ambiguous genitalia c.491C>A/c.707_708delAGinsCTT p.T164K/
p.K236Tfs*47

2.5m ?/<1% (4) Liang et al., 2021 (16)

F33 46,
XY

M c.306+3_c.306+6delAAGT/661G>A Intron3-4 fs/p.G221S 13Y 0/17.19% Zhang et al., 2021 (17)

F34 46,
XY

M c.367G>A/c.465+2T>A p.E123K/
Intron 4-5

6m 26.15% Zhang et al., 2021 (17)

F35 46,
XX

F c.367G>A/c.465+2T>A p.E123K/
Intron 4-5

9m 26.15% Zhang et al., 2021 (17)

F36 46,
XX

F c.229C>T/c.559G>A p.Q77X/
p.V187M

2.75y <1%/20% Zhang et al., 2021 (17)
d, days; m, months; y, years; F, female; M, male; LCAH, lipoid congenital adrenal hyperplasia.
frontiersin.org

https://doi.org/10.3389/fendo.2022.947762
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Lu et al. 10.3389/fendo.2022.947762
non-classic cases. Thus, the onset age can be used as one of the

diagnostic indicators of non-classic LCAH, but not the only one.

The clinical phenotypes of non-classic LCAH are highly

variable. Routine physical examination, laboratory measurement,

genetic testing, and, importantly, enzymatic activity assay may

facilitate the early diagnosis of non-classic LCAH. Further study

is required to verify the findings of the present case report.
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FIGURE 3

Diagram of the STAR gene showing the location of mutations (Including enzyme activity) identified in patients with non-classic LCAH.
frontiersin.org

https://doi.org/10.3389/fendo.2022.947762
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Lu et al. 10.3389/fendo.2022.947762
References
1. Miller WL. Congenital lipoid adrenal hyperplasia: The human gene knockout
for the steroidogenic acute regulatory protein. J Mol Endocrinol (1997) 19:227–40.
doi: 10.1677/jme.0.0190227

2. Miller WL. Disorders in the initial steps of steroid hormone synthesis.
J Steroid Biochem Mol Biol (2017) 165:18–37. doi: 10.1016/j.jsbmb.2016.03.009

3. Baker BY, Lin L, Kim CJ, Raza J, Smith CP, Miller WL, et al. Non-classic
congenital lipoid adrenal hyperplasia: A new disorder of the steroidogenic acute
regulatory protein with very late presentation and normal male genitalia. J Clin
Endocrinol Metab (2006) 91:4781–5. doi: 10.1210/jc.2006-1565

4. Bose HS, Sugawara T, Strauss JF, Miller WL. International congenital lipoid
adrenal hyperplasia consortium the pathophysiology and genetics of congenital
lipoid adrenal hyperplasia. N Engl J Med (1996) 335:1870–8. doi: 10.1056/
NEJM199612193352503

5. Metherell LA, Naville D, Halaby G, Begeot M, Huebner A, Nürnberg G, et al.
Non-classic lipoid congenital adrenal hyperplasia masquerading as familial
glucocorticoid deficiency. J Clin Endocrinol Metab (2009) 94:3865–71.
doi: 10.1210/jc.2009-0467

6. Sahakitrungruang T, Soccio RE, Lang-Muritano M, Walker JM, Achermann JC,
Miller WL, et al. Clinical, genetic, and functional characterization of four patients
carrying partial loss-of-Function mutations in the steroidogenic acute regulatory protein
(StAR). J Clin Endocrinol Metab (2010) 95:3352–9. doi: 10.1210/jc.2010-0437

7. Flück CE, Pandey AV, Dick B, Camats N, Fernández-Cancio M, Clemente M,
et al. Characterization of novel StAR (steroidogenic acute regulatory protein)
mutations causing non-classic lipoid adrenal hyperplasia. PLoS One (2011) 6:
e20178. doi: 10.1371/journal.pone.0020178

8. Nakae J, Tajima T, Sugawara T, Arakane F, Hanaki K, Hotsubo T, et al.
Analysis of the steroidogenic acute regulatory protein (StAR) gene in Japanese
patients with congenital lipoid adrenal hyperplasia. Hum Mol Genet (1997) 6:571–
6. doi: 10.1093/hmg/6.4.571

9. Ishii T, Tajima T, Kashimada K, Mukai T, Tanahashi Y, Katsumata N, et al.
Clinical features of 57 patients with lipoid congenital adrenal Hyperplasia: Criteria
for non-classic form revisited. J Clin Endocrinol Metab (2020) 105:dgaa557.
doi: 10.1210/clinem/dgaa557
Frontiers in Endocrinology 09
10. Bae H, Kim MS, Park H, Jang JH, Choi JM, Jin DK, et al. Non-classic
congenital lipoid adrenal hyperplasia diagnosed at 17 months in a Korean boy with
normal male genitalia: Emphasis on pigmentation as a diagnostic clue. Ann Pediatr
Endocrinol Metab (2020) 25:46–51. doi: 10.6065/apem.2020.25.1.46

11. Luo Y, Bai R, Wang Z, Zhu X, Xing J, Li X. STAR mutations causing non-
classical lipoid adrenal hyperplasia manifested as familial glucocorticoid deficiency.
Mol Med Rep (2020) 22:681–6. doi: 10.3892/mmr.2020.11140

12. Burget L, Parera LA, Fernandez-Cancio M, Gräni R, Henzen C, Flück CE. A
rare cause of primary adrenal insufficiency due to a homozygous Arg188Cys
mutation in the STAR gene. Endocrinol Diabetes Metab Case Rep (2018) 2018:18–
0003. doi: 10.1530/EDM-18-0003

13. Tsai SL, Green J, Metherell LA, Curtis F, Fernandez B, Healey A, et al.
Primary adrenocortical insufficiency case series: Genetic etiologies more common
than expected. Horm Res Paediatr (2016) 85:35–42. doi: 10.1159/000441843

14. Kang E, Kim YM, Kim GH, Lee BH, Yoo HW, Choi JH. Mutation spectrum
of STAR and a founder effect of the p.Q258* in Korean patients with congenital
lipoid adrenal hyperplasia. Mol Med (2017) 23:149–54. doi: 10.2119/
molmed.2017.00023

15. Piya A, Kaur J, AM R, Bose HS. De novo disruption of promoter and exon 1
of STAR gene reveals essential role for gonadal development. Endocrinol Diabetes
Metab Case Rep (2017) 2017:16–0120. doi: 10.1530/EDM-16-0120

16. Liang XY, Wu W, Huang K, Chen XF, Yuan JN, Dong GP, et al. Congenital
lipoid adrenal hyperplasia with 46 XY karyotype and male exteral genitalia:Two
cases and literture review. Chin J Endocrinol Metab (2021) 37:836–9. doi: 10.3760/
cma.j.cn311282-20200621-00457

17. Zhang TT, Ma XY, Wang JQ, Jia CW, Wang W, Lu WL, et al. Clinical and
molecular characterization of thirty Chinese patients with congenital lipoid adrenal
hyperplasia. J Steroid Biochem Mol Biol (2021) 206:105788. doi: 10.1016/
j.jsbmb.2020.105788

18. Ishii T, Hori N, Amano N, Aya M, Shibata H, Katsumata N, et al.
Pubertal and adult testicular functions in non-classic lipoid congenital adrenal
hyperplasia: A case series and review. J Endocr Soc (2019) 3:1367–74.
doi: 10.1210/js.2019-00086
frontiersin.org

https://doi.org/10.1677/jme.0.0190227
https://doi.org/10.1016/j.jsbmb.2016.03.009
https://doi.org/10.1210/jc.2006-1565
https://doi.org/10.1056/NEJM199612193352503
https://doi.org/10.1056/NEJM199612193352503
https://doi.org/10.1210/jc.2009-0467
https://doi.org/10.1210/jc.2010-0437
https://doi.org/10.1371/journal.pone.0020178
https://doi.org/10.1093/hmg/6.4.571
https://doi.org/10.1210/clinem/dgaa557
https://doi.org/10.6065/apem.2020.25.1.46
https://doi.org/10.3892/mmr.2020.11140
https://doi.org/10.1530/EDM-18-0003
https://doi.org/10.1159/000441843
https://doi.org/10.2119/molmed.2017.00023
https://doi.org/10.2119/molmed.2017.00023
https://doi.org/10.1530/EDM-16-0120
https://doi.org/10.3760/cma.j.cn311282-20200621-00457
https://doi.org/10.3760/cma.j.cn311282-20200621-00457
https://doi.org/10.1016/j.jsbmb.2020.105788
https://doi.org/10.1016/j.jsbmb.2020.105788
https://doi.org/10.1210/js.2019-00086
https://doi.org/10.3389/fendo.2022.947762
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Clinical characteristics of a male child with non-classic lipoid congenital adrenal hyperplasia and literature review
	Introduction
	Methods
	Patient
	Molecular and enzymatic activity assays
	Literature review
	Statistical analysis

	Results
	Case presentation
	Mutational analysis and enzymatic activity assay
	Literature review

	Discussion
	1. Clinical and molecular characterization of the patient
	2. Phenotype and genotype of non-classic lipoid congenital adrenal hyperplasia
	3. 46,XY male patients with non-classic lipoid congenital adrenal hyperplasia

	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


