Novel CYP11A1 mutations in 15 patients (13 families) with variable clinical presentations
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BACKGROUND

The side chain cleavage enzyme (CYP11A1) catalyzes the conversion of cholesterol to
pregnenolone, the first rate-limiting step of steroidogenesis. CYP11A1 mutations are associated cholesterol (mitochondria) Cholesterol (mitochondria)
with primary adrenal insufficiency (PAI) and, in 46,XY patients, Disorders of Sex Development
(DSD). 35 patients (27 families) have been previously reported in the literature including 15
intermediate forms documented:

- Six 46,XY patients with normal male external genitalia, including 5 homozygous for p.R451W

- Five 46,XY patients with partial DSD (micropenis, hypospadias...)
- Four 46,XX patients with late onset of PAI (= 18 months)

We report 15 patients (13 families) with 15 CYP11A1 mutations (10 new ones) and variable

clinical presentations.
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METHODS

 Sanger sequencing: selective amplification by PCR followed by conventional dideoxy sequencing of exons and the exon-intron boundaries on a ABI-

3730XL and compared to the human genome (GRCh37/hg19) using SeqScape® software v3 (Life Technologies, CA, USA)
* Massive Parallel Sequencing (MPS): Design Ampliseq (exons +/- 50 pb). Library preparation : lon AmpliSeq™ Library Kit. Séquencing: lon Torrent

Proton™. Informatic analysis: Torrent Suite™ software v5.1
57 genes analyzed including AAAS, AIRE, Cited2, CYP11A1, MC2R, MCM4, MRAP, NNT, NROB1, NR5A1, PBX1, PRDX3, StAR, TXNRDZ2
* |n silico studies : predictive software, sequences alignment (between species and steroidogenesis CYP) using Clustal omega and Genedoc,

molecular modelisation using Swiss-PdbViewver

RESULTS

Diagnhosis based on:
— SW (10 patients):
e 5 patients 46,XY (3, 4, 63, 12, 13) with complete female phenotype

homozygous or compound heterozygous for 7 mutations: p.G94D,
p.P104L, p.A277S, p.D329G, p.R465W, p.L170Vfs*30 and p.R120X

e 1 patient 46,XY (2) without DSD homozygous for a mutation reported in
similar cases: p. R451W

e 2 patients 46,XX (8, 11) with PAI diagnosed in the first year of life (one
day and 7 months) compound heterozygous for p.G138R/p.L170Vfs*30
and p.R396G/p.R465Q

e 2 patients 46,XX (5, 9) with late onset of PAl (> 3 years) with p.R120Q,
p.E314K, p.R465W mutations

— DSD: 2 patients 46,XY (7a, 10) with p.E314K, p.R465W and p.G454D
mutations (For the patient 7a, US failed to reveal uterus)
— Familial history (3 patients)

e 2 patients 46,XY with DSD (1, 7b) carrying p.A269V, p.E314K and

n.R465W mutations

e 1 patient 46,XY DSD with complete female phenotype (6b) compound
heterozygous for p.R120X and p.A277S
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Y " VRAryOyR : diagnosis
, , _ buried penis, L
1 C.B0BC>T/c.B06C>T | p A269V/p.A269YV | 11% 46, XY 3 months o sister's history
cryptorchidism
2 C.1351C>T/c.1351C=T | p.RASIW/p.RASIW | 32% 40, XY 13 months None SW
3 c.1393C=T/c.1393C>T | p.R46SW/p.RAGSW ? 46,8Y 9 days female external genitalia SW
4 C.281G>A/c.281G>A | p.G94D/p.G94D ? 46,8Y 15 months female external genitalia SW
3 C.359G>A/c.940G>A | p.R120Q/p.E314K | 7?/7? 46, XX 3years and & months NA SW
Ga C.358C>T/c.829G>T | p.R120X/p.A2775 77 46, 2Y 2years and 6 months  |female external genitalia SW
, , , None (neonatal diagnosis o L
G C.358C=T/c.829G>T | p.R120X/p.A2775 7 48, XY e ~ |female external genitalia| sister's history
due to familial history)
7a | c.940G=A c.1393C>T | p.E314K/p.R4BSW | 7/7 46,XY 3years female external genitalia DSD
7o | c.940G=A/c.1393C:T | p.E314K/p.R4ESW | 7/7 46, XY None Hypospadias sister's history
C.412G>A [ .G138R/ :
& / F / iy ks 46,84 1 day NA SW
c.508 509delCT p.L170Vfs*30
9 .940G>A/c.1393C>T | p.E314K/p.R4GSW 7P 4B, 5 4 years NA SW
, f micropenis, hypospadias,
10 | c.1361G>A/C.1361G>A | p.G4340/p.G454D0 7 46, 8Y 12 days™ L DSD
cryptorchidism
11 |c.1186A>G/c.1394G=A | p.R396G,/p.R4650 77 46,45 7 months NA SW
.508 509delCT/ p.L170Vfs*30/ r L _
12 - [k 46,8Y 10 months female external genitalia SW
C.311C=T p.PLO4L
13 C.9864A>G/c.9864>G | p.D329G/p.D329G ? 46, XY 3 months female external genitalia SW

NA: not applicable; SW: Salt wasting

* PAI detected by biological salt loss following the exploration of DSD

Table 1:Description of patients with CYP11A1 mutations

Table 2: In silico studies for missense mutations
(except p.A269V and p.R451W already studied)

d: deleterious; dc: disease causing; pb: probably damaging;
NA: not applicable

Af Conservation Predictive software Allele count
Mucleotide _ Steroido- _ _ _ Family
Protein change | Grantham _ _ Protein consequence Location Mutation | dbSNPID
change genesis  Species SIFT  Polyphen-2 | _ ; ESP ExAC number
aster
CYP
c.2B1G=A p.G940 g4 =t } 1 strand d dc Rl A A A 4
c.311C>T p.P104L g8 —— B helix d dc plh A, A A, 12
Mizsense mutaticn at an AA
C.359G=4 R1Z200Q 43 — ‘nvolved in heme binding and in| B-B' loop d de ek A A e 5
recognition substrat region
c.412G=4 p.GL3ER 125 — =t B'-C loop d dc Rl A, A A, H
c.829G>T p.A2T77S 99 - -t exon 4 skipping 3 helix d dc pb A A A =1
Missense mutation in | helix _
C.940G>4 p.E314K 56 - + T _ o | helix t b nh rs6161 |37/12949 2947121388 7-9
(helix invelved in heme binding)
C.986A>G p.03290G = + +++ helix d dc Rl ref48120824 MA 1/121218 13
Mizsense mutaticn at an AA
c.11B86A=>G p.R396G 125 + - involved in heme binding and in| B1-4 strand d dc phk A A e 11
recognition substrat region
c.1a3eliG>A RETEH S4 - ++ K'-L loop d dc Rl rs7 73652136 A 1/121410 10
Miz=enze mutation atan AA _
C.1393C>T n.RAG5W 101 + +H+ _ _ - L helix d dc pb  |rs141235847| 1/12989 2/121412 3-7
involved in recognition of Adx
Miz=enze mutation atan AA _
c.13940G=4 p.RL4E50 43 + ++ _ _ . L helix d dc pb A MA MA 11
involved in recognition of Adx

Mutations that seem to be less pathogen
Mutations that seem to be severe

CONCLUSION

The incidence of CYP11A1 mutations (33%) is high in our cohort of patients with first step of steroidogenesis deficiency (STAR and CYP11A1 gene).
Diagnosis is based on SW in approximately 67% of cases. For some mutations, in silico studies seem to predict good genotype-phenotype correlation.
Our patient without DSD is homozygous for p.R451W, mutation found in 5 patients 46,XY with the same phenotype. Intermediate forms are at risk to

be misdiaghosed because the phenotype overlaps with other causes of PAl. This emphasizes the utility of MPS allowing the study of many causatlve

genes simultaneously. Further studies should be done to explore these dissociated forms.
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