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Abstract

46, XX male syndrome is a rare disorder of sex development. One-tenth of 46, XX male syndrome is sex-determining region

Y (SRY)-negative. We used whole-exome sequencing (WES) analysis associated genes to investigate the underlying genetic

etiology of 46, XX male syndrome patients with bone marrow failure with a typical male phenotype. WES reveals SRY and

SRY-box family genes were negative. Simultaneously, gene variants were detected in female pathway, testis development, and

steroid receptor genes. There are undefined gene variants associated with congenital bone marrow failure. WES proved an

efficient diagnostic method toward 46, XX male syndrome patients with hematological disorder.

INTRODUCTION

46, XX male syndrome is a rare disorder of sex development(DSD) characterized by a female karyotype
in conformity with a male phenotype(1), which had been reported in 1964 firstly(2). The prevalence of
diagnosed 46, XX male syndrome was approximately 4 per 100 000 newborn males(3, 4). 46, XX males
exist three different clinical categories with typical XX males, genital ambiguities, and real hermaphrodites.
It had reported 46, XX male syndrome with chronic autoimmune thyroiditis(5), and with myelodysplastic
syndrome converted to acute megakaryocyte leukemia(6). We herein report a case of sex-determining region
Y(SRY)-negative 46, XX male syndrome co-existing with bone marrow failure in a child with a typical male
phenotype.

Whole exome sequencing (WES) reveals SRY and SRY-box family genes was negative in this patient. Gene
variants were detected by WES, which associated with the loss-of-function in the female pathway, testis devel-
opment, and some steroid receptor genes of sex differentiation These variants could affect gonad development
with a typical male phenotype.

Case presentation

In 2017 May, an 8-year-old male referred to hospital with pancytopenia and epistaxis. Bone marrow smears
indicated reduced bone marrow hyperplasia. Bone marrow biopsy showed hypoplastic hematopoietic without
megakaryocytes. Paroxysmal nocturnal hemoglobinuria clone was negative. His diagnosis considered as
aplastic anemia in the local hospital. He had taken dexamethasone, stanozolol, and ciclosporin. The response
to the treatment is well, whereas platelet count was 23-59×109/L.
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In June 2018, he admitted to our department with a complaint of platelet count dropped to 10×109/L with
epistaxis intermittently. He had skin ecchymosis without splenomegaly and hepatomegaly. The male was
born by a G3P2A1 mother who had premature delivery by cesarean section for abdominal pain by trauma.
The cause of abortion was unknown, and his sister is healthy. Birth weight is 2.4kg. His body weight and
height were 31kg and 135cm, respectively. Physical examination showed small head, small eye crack, right
thumb evagination, bipedal walking inside eight-character, without milk coffee spot. Soft and normal testis
were palpated.

Color doppler ultrasonography showed a normal male reproductive system. Testosterone concentration was
in normal ranges. Virus detection and rheumatism inspection were negative. Repeated bone marrow smears
showed hypoplastic of marrow. Trephine biopsy indicated hyperplasia of marrow diminished severely and
lack of hemocyte without signs of marrow fibrosis. Bone marrow and peripheral blood culture revealed 46
chromosomes with XX constitution. Gene mutations, fusion genes, fluorescence in situ hybridization, and
comet assay were no definite positive result.

MATERIALS AND METHODS

Genetic Analysis

The genomic DNA was extracted by Universal Genomic DNA kit (CWBIO# CWS002). And the exome cap-
ture, high throughput sequencing, and standard filtering were performed in the Beijing Novogene Technology
Co., Ltd. (Beijing, China, http://www.novogene.com). The genomic DNA samples were randomly fragmen-
ted approximately 180 to 280 bp long by Covaris. All exomes were captured by Agilent SureSelect Human
All Exon V6 kit and sequenced by Illumina HiSeq Pair End 150 bp platform. The available sequencing data
were compared with the reference genome (GRCh37/hg19). The bioinformatics analyses were conducted by
Novogene and Mygenostics in Beijing, China. WES indicated gene variants associated with DSD, such as
structural variation (SV), single-nucleotide variation (SNV), and insertion and deletions (INDELs).

RESULTS

Whole-exome sequencing

WES reveals the SRY gene is negative. SV in loss-of-function in the female pathway: WNT4, RSPO1,
CTNNB1, and INSRR. Gene variants were detected associated with 46, XX disorder of testis development:
DMRT1, and FOG2/ZFPM2. Variant steroid receptor genes: CYP17A1, STAR, SRD5A2, and AR (Table 1,
Table S1and Figure 1). There are undefined gene variants associated with congenital bone marrow failure.

Diagnosis and treatment

The patient was diagnosed with the SRY-negative 46, XX male syndrome co-existing with bone marrow
failure. He took ciclosporin 50mg q12h, stanozolol 2mg QD, and levamisole 50mg QD. The complete blood
count remains stable.

DISCUSSION

46, XX male syndrome is a rare sex reversal syndrome with a frequency of 1 in 20,000-25,000 new-
born males(3, 4). Phenotypically, three clinical categories of 46, XX male syndrome individuals have been
identified(7). The classic form of 46, XX male syndrome is testicular DSD, which has a female karyotype
and phenotypically male. We herein report a classical form of the SRY-negative 46, XX male syndrome
co-existing with bone marrow failure.

Broadly, these conditions are caused by gain-of-function variants in crucial testis differentiation genes or
loss-of-function variants in ovarian differentiation genes(8). 10% of testicular DSD is SRY-negative. In the
absence of SRY, there was overexpression of other pro-testis genes, e.g. SRY-box (SOX) family genes, or
failure of pro-ovarian/anti-testis genes, e.g. WNT4, and RSPO1(9). WES reveals the SRY gene was negative
in this patient. At the same time, the patient harbored variants gene associated with SRY-negative 46, XX
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male syndrome. Testicles development is a large and complex network. This patient had multiple genetic
mutations associated with testicles development.

Few genes have been implicated in ovarian development compared with testicular development relatively. In
humans, patients carrying a heterozygous mutation of the WNT4 gene present Müllerian duct abnormalities
and hyperandrogenism(10). Homozygous missense mutation WNT4 gene is a disease-causing in SERKAL
syndrome(11). Mutations in the RSPO1 gene have been associated with the SRY gene-negative 46, XX testi-
cular DSD, as well as with ovo-testicular DSD(12). WNT4 and RSPO1 activate canonical WNT signaling, and
CTNNB1 is a crucial regulatory molecule of the Wnt signaling pathway. Indeed, several feedback loops help
maintain WNT4/RSPO1 signaling, including the insulin signaling pathway (consists of INSR and INSRR).
Albeit SRY gene and SOX9 gene are absent in this patient, SV of WNT4, RSPO1, and STNNB1 could result
in loss-of-function of the central female pathway, which leads to female-to-male sex reversal of the gonads.
Besides, there was a large fragment inserted in INSRR affecting positive feedback loop.

DMRT1 activates testis-promoting genes including Sox9, Sox8 and PTGDS, and represses ovary-promoting
genes such as Wnt4 and Rspo1(13). DMRT1 mutations in the case may activate testis-promoting genes and
represses ovary-promoting genes. Independent missense mutations of FOG2 gene associated with 46, XY
DSD in human. Further studies indicated impaired the ability of FOG2 proteins interact with GATA4, an
early testicular development regulator(14). Large fragment deletion in FOG2 had not reported in 46, XX
DSD, we should force further theorization to the mechanism.

Impaired activity of P450 oxidoreductase gene-dependent microsomal enzymes can lead to DSD, pubertal fai-
lure, adrenal dysfunction, and maternal virilization during pregnancy(15). Large fragment deletion CYP17A1
may be other molecular mechanisms to cause 46, XX DSD. STAR involved in male sex development plays a
critical role in testosterone biosynthesis. STAR gene mutations lead to blockage of the synthesis of testoste-
rone and other steroids. It was reported that dual gene defects (p. A596T in AR and p. G196S in SRD5A2)
in a patient with hypospadias(16). Interestingly, in contrast to patients carrying novel gene variants in STAR,
SRD5A2 and AR, the patient has typical genitalia. During puberty, the patient may present gynecomastia,
and/or adrenal failure in late adolescence or adulthood.

We describe a rare case of SRY-negative 46, XX male syndrome co-existing with bone marrow failure. WES
reveals SRY gene and SRY-box family genes were negative. Gene variants could affect testicles development
of 46 XX male syndrome. WES is more comprehensive in detecting genetic mutations of SDS. The underlying
mechanisms of SRY negative 46, XX males with bone marrow failure needs to be further studied.
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