SUEPNE S G e )

104 J Cent South Univ (Med Sci) 2022,47(6) http:/xbyxb.csu.edu.cn

-CASE ANALYSES - - I R H)FL -

El"%‘ijg
;%—] DOI:10.11817/j.issn.1672-7347.2022.210401
Oa

Aromatase deficiency caused by mutation of CYPI19A1 gene:
A case report
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ABSTRACT Aromatase deficiency (AD) is a rare autosomal recessive genetic disease caused by loss-of-
function mutations in aromatase gene (CYPI9A41), leading to congenital estrogen
deficiency syndrome. Both mothers of AD patients during pregnancy and female AD fetus
show virilization, while male patients are usually diagnosed in adulthood due to continued
height increase and metabolic abnormalities. In 2019, a patient with AD was admitted in
the Second Xiangya Hospital. The patient was a 37-year-old adult male who continued to
grow linearly after adulthood. His estradiol was below the measurable line, the follicle-
stimulating hormone (FSH) increased, bone age delayed, epiphysis unfused, and the bone
mass reduced. CYPI9A41 gene detection showed that c. 1093C>T, p. R365W was
homozygous mutation. This disease is rare in clinic. Clinicians need to raise awareness of
the disease for early diagnosis and treatment to improve the long-term prognosis of patients.
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Aromatase deficiency is a very rare autosomal
recessive inherited disease, resulting from the loss-of-
function mutation of aromatase gene (CYPI9A1) that
failed to convert androgen into estrogen. High level of
androgen and low level of estrogen lead to varying
degrees of virilization in the mother during pregnancy
and in the female fetus, and affect metabolism, bones,
and reproduction in the subsequent growth and
development stages of both sexes!'?. Until now, 44
cases (30 females and 14 males) of aromatase gene
defects have been reported since the first case was
published in 1991 in Japan "'
from China™>"), Thirty-three kinds of deleterious

mutations in CYPI941 coding genes have been

, and only 5 cases derived

discovered, including point mutations, deletions,

insertions, duplications, inversions, and multiple splice
391 This paper reports a case admitted to
South

University with the aim of raising awareness of the

site mutations

the Second Xiangya Hospital of Central
disease among clinicians.

1 Case presentation

A 37-year-old Chinese man, complained of
continued increase of height after adulthood. He had
grown about 20 cm in height and 40 kg in weight over
the past 17 years, but did not pay attention until he
started having pain in both knees since 2020. He was the
only child, and his growth and development before
puberty was not different from other children. His
mother had facial acne when she was pregnant and was

diagnosed as “pregnancy-induced hypertension” in her

Figure 1 Acanthosis nigricans in multiple parts of the skin

S5th month of pregnancy. His parents were not close
relatives. His father is 162 cm and his mother is 159 cm
in height. The family had no similar medical history and
denied other family medical history. He was unmarried,
had no child, and had regular sexual life with a female
partner.

Physical examination showed that the patient was
192 cm in height (genetic height 167 cm), upper part
90 cm, lower part 102 c¢cm, arm span 200 cm, weight
113 kg, BMI 30.65 kg/m’, abdominal circumference
117 cm, waist-to-hip ratio 1.1:1, blood pressure 138/
79 mmHg (1 mmHg=0.133 kPa). Multiple parts of the
skin showed acanthosis nigricans (Figure 1). He had
bilateral genu valgum (Figure 2A), incompletely fused
epiphyses (Figure 2B), osteopenia (Figure 2C) and the
bone age was 17 — 18 years old (Figure 2D). Informed
consent was obtained from patients for the use of all
images in this article. Laboratory test showed that his
follicle-stimulating hormone (FSH) was elevated and
the estradiol was undetectable (Table 1), combined with
higher LDL cholesterol level and lower HDL cholesterol
level, elevated total Type I collagen N-terminal
extension peptide and B-collagen special sequence level,
impaired glucose tolerance level, and hyperinsulinemia.
His hemoglobin Alc was 6.20% (Table 1). He suffered
from severe steatohepatitis, with low bone mass and
hypertension. The fat content was 36.7% (at the 94th
percentile of males at the same age). Computer-aided
(CASA)

decreased forward-moving sperm without other obvious

sperm analysis semen analysis showed

abnormalities (Table 1).
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Based on above evidences, the diagnosis was
considered as aromatase deficiency. To confirm it, the
whole genome DNA was extracted using peripheral
venous blood after obtaining the informed consent from
the patient and his parents. NM_ 000103 (GRCh37)
gene, the sequence of the exon region (coding region) of
CYP19A41, was directly sequenced and compared with
the reference sequence. Gene sequencing revealed that
the patient’s CYP19A41 gene c. 1093C>T (p. R365W)
had a C—T mutation at 1 093 base pair (bp) in the 9th
exon (Figure 3), causing tryptophan replaces arginine at
position 365, which was a possible pathogenic variant.
Homozygous variants were possible pathogenic variants
according to the American College of Medical Genetics
and Genomics (ACMG) guideline!”. Different amino
acid changes at the same site were detected in patients
with aromatase deficiency (there was a G—A mutation
at 1 094 bp in exon 9, resulting in glutamine replace
arginine at position 365, and the aromatase activity of
the mutant protein was 0.4% of that of the wild-type
protein to support the functional importance of this
region of the protein!"!). The mutation had not detected
in the general population information database, so it was
a new mutation. Bioinformatics softwares predicted that
the variant was a pathogenic variant (Table 2). We used
SWISS MODEL (https://www. expasy. org/resources/
swiss-model) to predict 3D structure of the mutant
protein to mimic the effect of the mutated region. As the
result presented, the amine acid residue substitution
caused change in local structure compared with wild-

type structure (Figure 4). The patient’s clinical

Table 1 Test in the aromatase-deficient man

manifestations were consistent with aromatase
deficiency. Unfortunately, the determination of the
aromatase activity of the mutant protein was not
completed. As the diagnosis was aromatase deficiency,
the patient was discharged from hospital after being
supplemented with estrogen, vitamin D, and other
related treatments. It was a pity that his condition was

not followed up after his discharge from the hospital.

Figure 2 X ray of the patient with aromatase deficiency
A: Bilateral genu valgum; B: Incomplete fusion of the long
bones of the upper and lower extremities; C: Bone loss; D:

Bone age of 17-18 years.

Variables Values Reference ranges
Total cholesterol/(mmol-L™) 4.74 2.90-5.20
LDL cholesterol/(mmol-L™) 3.47 <3.12
HDL cholesterol/(mmol-L™) 0.83 >1.04
Triglycerides/(mmol-L™") 1.38 <1.71
Estradiol/(nmol-L™) <0.04 0.04-0.53
Testosterone/(nmol-L™) 21.96 8.40-28.70
Follicle-stimulating hormone/(U-L™") 32.82 1.40-18.10
Luteinizing hormone/(U-L™") 9.14 1.50-9.30
Alkaline phosphatase/(U-L™) <200 50-135
Osteocalcin/(ng-mL™") 34 14-46
Total Type I collagen N-terminal extension peptide/(ng-mL™") 132.20 9.06-72.04
B-collagen special sequence/(pg-mL™") 963 47-783
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Table 1 (to be continued)

Variables Values Reference ranges
25-hydroxyvitamin D/(nmol-L™") 23 Deficiency <50; lack: 50-75;
sufficient: 75-250

Hemoglobin Alc/% 6.20 3.90-6.10
OGTT

Fasting plasma glucose/(mmol-L™") 4.68 3.60-6.10

2 h postload glucose/(mmol-L™) 9.29 <7.80

Fasting insulin/(mU-L™") 102.4 6.4-15.0

2 hinsulin/(mU-L™") 108.0 6.4-15.0
Sperm concentration/(x10>-mL™) 75.2 >15.0
Sperm vitality/% 47.2 >40.0
Forward-moving sperm PR 19.30 =32.00
Bone age/years 17-18
Lumbear spine (L, ,) Z-score (DEXA)

L, -3.4 =>-2.0

L, -2.8 >-2.0

L, =27 >-2.0

L, -2.0 =>-2.0

Total -2.2 =>-2.0
Femoral neck Z-score (DEXA)

Neck -2.0 =2-2.0

Troch -2.8 >-2.0

Inter -2.0 >-2.0

Total -2.2 >-2.0

Ward’s -2.4 >-2.0

LDL: Low-density lipoprotein; HDL: High-density lipoprotein; OGTT: Oral glucose tolerance test; DEXA: Dual-energy X-ray

absorptiometry; PR: Progressive sperm.

Table 2 Prediction results of the gene mutation

Tools Scores Reference values Results

SIFT 0.0 0-0.05 damaging Damaging
0.05-1.00 tolerated

Polyphen-2 HDIV 1.0 0.85-1.00 probably damaging Probably damaging

0.85-0.15 possibly damaging
0-0.15 benign
Polyphen-2 HVAR 1.0 0.85-1.00 probably damaging Probably damaging
0.85-0.15 possibly damaging
0-0.15 benign

SIFT: Scale invariant feature transform.
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Figure 3 Genetic analysis of CYP19A1 gene of the family

DNA sequence chromatogram of the proband compared with the reference. CYP1941 gene ¢.1093C>T (p. R365W) at 1 093 bp in

the 9th exon (indicated by red frame).

Mutant protein

Wild-type protein

Figure 4 3D structure prediction of the mutation and wild-type proteins

2 Discussion

Aromatase is the key enzyme in the synthesis of
human estrogen, and is the only cytochrome P450
enzyme that catalyzes androgens (C19 steroids) into
3 CYPI9AI is

located on chromosome 15g21.2 and consists of 10

estrogen (C18 steroids) in all vertebrates!

exons. Exons 2 to 10 are coding ones, and exon 1 is

4 Besides

related to tissue-specific gene expression
maintaining female secondary sexual characteristics,
estrogen can also maintain bone mass, regulate
lipoprotein synthesis, protect cardiovascular health,
insulin
[1s]

prevent  urogenital  atrophy,  regulate

responsiveness, and maintain cognitive function
Androgens in the fetal adrenal glands are the main

source of circulating estrogen during pregnancy.

Androstenedione, testosterone, and 160-hydroxytestosterone
cannot be converted into estrone, 17f-estradiol and 17§,
16a-estriol, respectively in the absence of placental
aromatase, so a large amount of androstenedione and
testis hormones are transferred to blood circulation of
the mother and fetus .

Patients with aromatase deficiency in the absence
fusion

of estrogen-induced adolescent epiphyseal

usually show continuous linear growth without

accelerated puberty growth, tall stature, decreased bone
density, delayed bone age, unfused epiphyses, eunuch-
like bone ratio, extensive bone pain, and progressive

UL The effect of hormone changes on

(171
b

genu valgum
metabolism is similar to metabolic syndrome
obesity,

acanthosis nigricans, non-alcoholic steatohepatitis, and

including abdominal insulin  resistance,
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17-18]

dyslipidemia' Hyperinsulinemia is an important

factor contributing to hyperandrogenism'"”,

Furthermore, hyperandrogenism in turn aggravates

resistance™, and

insulin insulin resistance and
hyperinsulinemia can lead to the occurrence of
characteristic acanthosis nigricans”'". With high levels of
androgens, the mother appears virilization (such as low
voice, acne, hirsutism, and clitoral hypertrophy),
gradually escalates’, and then subsides 5 to 6 months
postpartum. As long as 1% of the normal aromatase
activity of placenta is sufficient to prevent maternal
virilization during pregnancy, and not every mother will

have virilization™* .

Female aromatase deficiency
patients will be born with pseudo-hermaphroditism and
virilization of the external genitalia, and they will
subsequently have delayed puberty, high gonadotropin
sexual dysfunction, and polycystic ovary when they
grow up . About 70% of female patients have a severe
degree of virilization, and will worsen with age'.
Male aromatase deficiency patients are often diagnosed
after puberty due to continuous height increase and
metabolic abnormalities, which often leads to delay in
diagnosis [age of diagnosis is (27.8+4.7) years], and
have more obvious manifestations””'. A small number of
male patients may have genital and sperm damage. The
clinical manifestations are affected by age, gender, and
enzyme activity, and most of them will show varying
degrees of improvement after treatment.

Due to the rarity of the disease, the reliability of
diagnosis based on clinical data is poor. Genetic testing
is required for patients with suspected clinical
manifestations, medical history or examination. The
DNA sequencing of 9 exons (E2 to E10) of CYP/9A41
should be performed, and the aromatase activity of the
mutant protein is determined after transfection of the
cells"™. The treatment of aromatase deficiency is carried
out in stages. The dosage of estrogen replacement
therapy are mainly based on the actual situation.
Researchers ™ speculated that females need low doses
of 17B-estradiol (50 to 100 pg/d) in early childhood, and
higher doses of estrogen (1.4 to 2.0 mg/d) in pre-puberty
and adolescence. Males should take a small dose of
estradiol [0.80 to 0.12 pg/(kg-d)] in early puberty, and
gradually increase in the middle of puberty (16 to 17
years old)"™. Low-dose estrogen for lifelong
replacement therapy (25 to 50 pg/d of transdermal

estradiol) is needed once epiphysis is closed"*.

Treatment should be adjusted according to the treatment
outcome, gender, age, and stage of growth and
development. At the same time, calcium and vitamin D
are needed to achieve a synergistic effect on the bones.
Lifestyle changes (such as quitting smoking, monitoring
blood pressure) are needed to help prevent the
exacerbation of cardiovascular disease. Other skeletal
abnormalities (such as genu valgum) can be surgically
corrected!"”.

This patient was a 37-year-old male. His mother
had facial acne during pregnant. He was asymptomatic
in infancy and childhood. His height continued to grow
linearly in adulthood, resembling a eunuch body. The
manifestations of metabolic syndrome were abdominal
obesity, hyperinsulinemia, non-alcoholic steatohepatitis,
impaired glucose tolerance level, increased LDL level,
and decreased HDL level. The estradiol level was lower
to undetectable and the FSH level increased. Semen
examination was basically normal. The patient also
presented progressive genu valgum, bone loss, delayed
bone age, and unfused epiphysis. The result of CYP1941
gene test was c¢. 1093C>T (p. R365W) homozygous
variant, which was a possible pathogenic variant.

In summary, early diagnosis and treatment are the
key to aromatase deficiency, and CYPI941 gene
detection plays an important role in the diagnosis of this
disease. The homozygous variant of CYPI9A41 gene
¢.1093C>T (p. R365W) is a newly discovered possible
further
verification. Clinicians need to raise their awareness of

pathogenic gene that requires clinical
the disease, which can significantly improve the long-

term prognosis of patients.
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