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A Case of Homozygous Disruption of P450 Side-
Chain Cleavage (CYP11A1): Cerebral MRI and CSF 

Neurotransmitter Findings

Seza Bolata, Thomas Eckeyb, Olaf Hiortc, Andreas Mosera, d, e

Abstract

Mitochondrial cytochrome P450 side-chain cleavage enzyme 
(P450scc, CYP11A1) is the initiating enzyme of steroidogenesis and 
converts cholesterol to pregnenolone. Here we describe neurological, 
cerebral magnetic resonance imaging (MRI), and cerebrospinal fluid 
(CSF) findings in a patient with a homozygous disruption of P450scc. 
Free γ-aminobutyric acid (GABA) and glutamate levels were meas-
ured in the patient’s CSF and control samples from 10 subjects by 
mean of high performance liquid chromatography with electrochemi-
cal detection. In the CSF, patient’s free GABA levels were significant-
ly reduced in comparison to control values. Cerebral MRI revealed 
multiple supratentorial located T2 lesions in the periventricular and 
peritrigonal white matter without gadolinium enhancement or diffu-
sion restriction of lesions. Both MRI and CSF neurotransmitter find-
ings in our patient with P450scc deficiency were comparable to those 
found in multiple sclerosis.
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Introduction

Mitochondrial cytochrome P450 side-chain cleavage enzyme 
(P450scc) is encoded by a single-copy gene on chromosome 
15, is the initiating enzyme of steroidogenesis and converts 
cholesterol to pregnenolone. For a long time, it was thought 
that deficiency of P450scc (CYP11A1) was not compatible with 

life due to lack of progesterone for maintenance of pregnancy. 
However, recently a small number of patients with missense 
or even nonsense mutations of CYP11A1 have been described 
[1]. Here we describe neurological, cerebral magnetic reso-
nance imaging (MRI), and cerebrospinal fluid (CSF) findings 
in a patient with a homozygous disruption of P450scc with 
prematurity, complete 46,XY sex reversal, hypergonadotropic 
hypogonadism, and primary adrenal insufficiency.

Case Report

A 19-year-old patient suffered from intermittent, several min-
utes lasting paresthesia of hands and feet for 6 months. Fur-
thermore, she reported on blurred or double vision for a couple 
of seconds. The symptoms usually occurred during periods of 
increased mental or physical pressure and were of high vari-
ability. In the medical history, she had been born prematurely 
after 31 weeks of gestation and had severe primary adrenal in-
sufficiency and a completely female phenotype despite 46,XY 
karyotype. The gonads were small testes and she had no Mul-
lerian structures. She received typical replacement therapy 
with hydrocortisone and fludrocortisone, as well as estrogen 
monotherapy for induction of puberty. During childhood and 
adolescence, several episodes of adrenal crisis occurred. Ho-
mogenous disruption of the CYP11A1 gene was diagnosed 
with complete loss of steroidogenesis [2].

Subsequently, she was presented to our hospital since 
cerebral MRI suspected multiple sclerosis (MS). Neurologi-
cal examinations were completely normal. Somatosensory and 
visual evoked potentials were within normal limits. Serologi-
cal analyses showed no signs for vasculitis, collagenosis, or 
mixed connective tissue disease. The serum vitamin levels for 
B1, B12, and folic acid were in normal range. Lumbar punc-
ture revealed 3 cells/µL, normal CSF/serum albumin ratio, 
without intrathecal Ig-synthesis and without oligoclonal IgG-
bands. Serum cholesterol and LDL-cholesterol were slightly 
enhanced to 5.1 mmol/L (< 5.0) and 3.11 mmol/L (< 3.01), 
respectively. During the following weeks, symptoms sponta-
neously disappeared, and MRI findings were stable 6 months 
later. Although the MRI findings were, however, remarkable, 
a reliable relationship between reported short lasting, vary-
ing symptoms and MRI alterations could not be established. 
Therefore, we assumed a somatoform disorder.
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Free γ-aminobutyric acid (GABA) and glutamate levels 
were measured in the patient’s CSF (three times) and control 
samples from 10 subjects (five males and five females; age 
range 35 - 85 years (mean 55 years)) undergoing diagnostic 
lumbar puncture as part of their investigations. Their CSF 
analyses were normal and neurological disorders were exclud-
ed. The study was performed according to the Declaration of 
Helsinki and informed consent was obtained. All lumbar punc-
tures were done between 11:00 am and 2:00 pm. Glutamate 
and GABA amounts of CSFs were determined by high perfor-
mance liquid chromatography with electrochemical detection 
according to Prauss et al [3].

Discussion

The rate-limiting step in steroid biosynthesis is regulated by 
the steroidogenic acute regulatory protein (StAR) that me-
diates the transfer of cholesterol from the outer to the inner 
mitochondrial membrane [4]. Cholesterol is then converted 
by mitochondrial cytochrome P450scc, CYP11A1 to preg-
nenolone, the precursor for all steroids [1]. While the StAR 
mediated active process is available only in some tissues, 
pregnenolone synthesis is completely dependent on P450scc 
conversion. The brain synthesizes neurosteroids de novo, es-
pecially within glia [4]. Neurosteroids modulate function of 
several receptors, and regulate growth of neurons, synaptogen-
esis and especially myelination in the central nervous system 
(CNS) [5]. Deficits in neurosteroid production may contribute 
to a variety of disorders, including dementia and epilepsy [4]. 
Disruption of P450scc enzyme due to deleterious mutations 
of the CYP11A1 gene was thought to be incompatible with fe-
tal survival because of impaired progesterone production by 
the fetoplacental unit. However, in the meantime two patients 
were described with homozygous disruption of CYP11A1 
gene by Hiort et al [2] and Kim et al [6]. In one of them, as a 
child, complete 46,XY sex reversal and severe adrenal insuf-
ficiency were found [2]. In this currently 19-year-old patient, 

clinical neurological deficits could not be found; cerebral MRI, 
however, revealed multiple supratentorial T2 lesions without 
evidence of blood-brain barrier breakdown (Fig. 1). Since the 
lesions were especially periventricular and juxtacortical, they 
are comparable to those typically found in MS. According to 
the revised McDonald criteria [7], dissemination in space can 
be demonstrated with at least one T2 lesion in at least two of 
four locations considered characteristic for MS (juxtacortical, 
periventricular, infratentorial, and spinal cord). Interestingly, 
these authors proposed these criteria simple and sensitive for 
MS diagnosis without compromising specificity and accuracy 
[7].

Additionally, in the CSF, our present patient’s GABA level 
was 13.0 ± 0.3 nmol/L (from three measurements), lower than 
that in controls (44.7 ± 15.2 nmol/L). Free glutamate level of 
the patient was 0.24 µmol/L, slightly lower than that found 
in normal controls (0.33 ± 0.21 µmol/L). Here the range of 
control GABA concentrations was in line with measurements 
of Piotrowicz and coworkers [8]. In MS patients, decreased 
levels of GABA, and also aspartate, glutamate, methionine 
and phenylalanine were found in CSF [9]. Also in single-voxel 
magnetic resonance spectroscopy, MS patients had significant-
ly lower GABA levels in the hippocampus and sensorimotor 
cortex, which may suggest that reduced GABA levels reflect 
pathological abnormalities [10].

Myelin sheaths form during development and consist of 
compacted spiral wraps of membrane that are supplied by 
oligodendrocytes in the CNS and Schwann cells in the pe-
ripheral nervous system (PNS) [11]. Progesterone, produced 
by Schwann cells in response to their stimulation by adjacent 
neurons, regulates myelin protein synthesis via a nuclear pro-
gesterone receptor in the PNS [12]. In the CNS, oligodendro-
cytes were shown to express P450scc and also produce pregne-
nolone, progesterone and allopregnanolone [13]. In cerebellar 
slice cultures progesterone increased proliferation of oligoden-
drocyte precursors and promoted differentiation into mature 
cells [14]. Also in zebrafish model, especially radial glial cells 
were acting as neuronal progenitors and appeared to be a po-

Figure 1. Axial FLAIR-MRI (1.5 T) reveals multiple T2 hyperintensities within the periventricular white matter of the frontal and 
parietal lobe, confluating in the peritrigonal area. No gadolinium enhancement or diffusion restriction was found.
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tential source of neurosteroids, but also as a target for centrally 
produced steroids [15]. The 3α-reduced metabolites of proges-
terone are, additionally, potent positive allosteric modulators 
of GABAA receptors [16, 17]. In the case of P450scc disrup-
tion, this receptor modulation might be partially lost. Thus, 
we speculate that disturbance of GABAA receptor functioning 
might lead to a negative feedback inhibition of GABA release 
as described by Cryan and Kaupmann [18].

The MRI and CSF similarities between P450scc deficiency 
and MS let us point to the hypothesis published by Leitner [19]. 
The author hypothesized that etiology of MS with white mat-
ter pathology, axonal loss, failure of remyelination and the de-
velopment of focal inflammatory lesions might be due to dys-
regulation of neurosteroid synthesis, leading to a disturbance of 
myelin maintenance and increased vulnerability of the myelin 
sheath, phagocytosis of myelin debris and processing of myelin 
antigen by microglia and leading to a complex and individually 
different immune response [19]. Although the precise etiology 
is indeed still unclear, MS is, however, commonly considered 
as a primary immunological-inflammatory disease probably 
triggered by genetic and environmental factors.

In conclusion, we describe a young patient with altered 
steroid metabolism due to a homozygous disruption of the CY-
P11A1 gene. Since P450scc is crucial in steroidogenesis, we 
assume an impaired function of neurosteroidogenesis and my-
elin synthesis in the CNS leading to disease-related MRI and 
CSF neurotransmitter findings that are not diagnostic of MS.
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