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Abstract: We present a scarce case in which three pathologies converge: XX/XY chimerism, hermaphroditism with
ovotestis and situs inversus totalis. She is a patient of mixed ethnicity, with predominantly Amerindian markers, who
underwent a conventional cytogenetic study, FISH and DNA study of peripheral blood (mesoderm) and buccal mucosa
scraping (ectoderm), additionally X-rays, hormonal tests and biopsy of the right gonad. The patient presents hypogonadism,
female hypoplastic external sexual organs, and Tanner sexual development 1-2. X-rays show situs inversus totalis. The
data for female and male hormones are altered. The karyotype showed the presence of two cell populations, XX and XY,
confirmed with FISH and a study of the positive SRY gene. The evaluation of the DNA by numerical Arrays verified the
presence of chromosomes X and Y; in the same way, gains and losses of essential genes related to the patient's phenotype
were evidenced. We performed an in silico evaluation of the interactome of proteins involved in the clinical manifestations
that reflect the alterations of the corresponding genes, which allowed us to make a genotype-phenotype correlation. In

conclusion, the studies with a complete clinical, laboratory and genetic panel allowed us to define its alterations.
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|
Introduction

In 1 in 8,000 to 25,000 individuals'?, there may be a
change in the position of the organs, placing them on the
opposite side, which forms a mirror image called situs in-
versus. It was first described in 1824, although X-rays con-
firmed it in 18973. Situs inversus is a rare genetic malfor-
mation that can affect one or all human body organs (Situs
inversus totalis). It is associated with dextrocardia, including
great vessels, and in some cases, complete dextro position
of visors and internal organs'. The etiology of this anomaly
is complex and is associated, among other reasons, with
the mutation of some genes that involve laterality and ciliary
movements?4,

Human chimeras are rare and are usually identified
only after birth. Most of the described chimeras have a nor-
mal female or male phenotype”®, and less than 50% have
been reported with an XX/XY®'2 karyotype. As far as we
have been able to investigate, there are no reports of pa-
tients with situs inversus totalis associated with chimerism,
that is, the presence in an individual with more than one
genetically differentiated cell population originating from two
or more zygotes'®'2, It has been described rarely; true XX/
XY hermaphroditism is considered chimeras'®.

Two X chromosomes determine the formation of ova-
ries, and the chromosome combination X with Y determines
the formation of testicles. Disorders of sexual development
(DSD) are defined as congenital conditions in which the
development of chromosomal, gonadal or anatomical sex

is atypical'™'8. Within the DSD is true hermaphroditism, a
rare alteration that presents ovarian and testicular tissue,
in the same individual, with variable phenotypes: female,
intersex or male; some 200 cases have been described’.
Intersex patients may have variable clinical features'”. Simi-
larly, chromosome studies show mostly XX karyotypes, XX/
XY and fewer XY813.15,

We present a case with cytogenetic and molecular stu-
dies by array analysis in two types of tissues, blood and
buccal mucosa, with an unusual and rare association be-
tween situs inversus totalis and true XX/XY hermaphrodi-
tism with clear indicators of chimerism.

]
CASE PRESENTATION

The present case is an 11-year-old patient, an indige-
nous ethnic group, product of a third normal pregnancy and
cephalic delivery, APGAR score 9-10, low weight (1,200 g).
She has no pathological family history of genetic interest or
another personal pathological history. Patient evaluations
meet all bioethical and informed consent requirements.

She currently presents a particular phenotype: short
stature (1.35m <p10), broad shoulders, narrow hips, he im-
presses as hypogonadal; round face, broad midface, sma-
limouth, retrognathia, short neck, decreased sexual deve-
lopment (Tanner 2-3) (Figures 1A, 1B and 1C); hands with
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tiny fingers and mild clinodactyly of the 5th finger (Figures
1D and 1E). On auscultation and palpation, the heart sound
was found to be on the right side, as were the liver and
spleen. Breast development was found, the appearance
of short pubic and axillary hair, and the examination of the
external sexual organs showed hypoplastic labia, a small
clitoris, and no menstrual cycles had started.

Achest X-ray, pelvic abdominal and gonadal ultrasound,
and hormonal studies of estradiol, follicle-stimulating, tes-
tosterone and corticosteroids were requested. The simple
chest X-ray study showed situs inversus totalis (Figures 2A
and 2B). The pelvic sonogram showed an incipient uterus
in anteverted flexion, hypoplastic tubes, and both gonads in
the pelvic cavity. The histopathological study of the biopsy
of the right gonad reported the presence of mixed ovarian
and testicular tissue compatible with ovotestis. The results
for estradiol 32 pg/ml, FSH 2 mUL/ml and testosterone 150
nmol/l show hormonal dysfunction.

Genetic study

The proband and her parents underwent a cytogenetic
study with the conventional technique. 72-hour culture of
whole heparinized blood in RPMI-1640 medium, supple-
mented with 15% fetal bovine serum, phytohemagglutinin,
antibiotics, and antifungals. Harvest with colchicine, hypo-
tonic shock (CIK), and Carnoy's fixative. Chromosome stai-
ning with Giemsa and GTG (Trypsin Giemsa) chromosome
banding at 450 resolution bands. One hundred metaphases
were evaluated.

FISH (fluorescent in situ hybridization) technique was
performed, with specific probes for the centromeres of the X
chromosome (CEP X) and Y chromosome (CEP Y). Slides
were hybridized with 7 ul of hybridization buffer, 1 ul of CEP
X (Alpha satellite DNA: Xp11.1-911.1) Spectrum Green
DNA probe, 1 ul of CEP Y (Alpha satellite DNA: Yp11.1-q11.
1) Spectrum Orange DNA probe and 1 ul of water. The Vysis
protocol (Abbott, IL, USA) was followed.
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Figure 1. Photographs of the patint. A) Side view. B) Front view. C) FuII-Iéng

DNA was extracted from peripheral blood and buccal
mucosa samples for molecular studies. Peripheral blood
samples were obtained by venipuncture and treated with
ethylenediaminetetraacetic acid (EDTA) as an anticoagulant.
200 pl of the sample were used for DNA extraction using the
commercial Purelink Genomic DNA kit (Invitrogen®, Life Te-
chnologies, CA, USA). DNA was extracted from the patient's
saliva with the Abyntek® Genotex Orange OG-510 DNA Kit.
The concentration and purity of the genetic material were
assessed using the NanoDrop 2000c Spectrophotometer
(Thermo Fisher Scientific Inc., MA, USA).

DNA extracted from peripheral blood was used to study
ancestry and analyze the SRY gene. Determination of ge-
netic ancestry was performed with 46 insertion- and dele-
tion-based ancestry informative markers’®.

For the amplification of the SRY gene, the previously
described standard primers®® were used. The PCR product,
with positive and negative controls, was subjected to electro-
phoresis in a 2% agarose gel stained with ethidium bromide.

DNA extracted from saliva was used for genome analy-
sis of the proband. One microgram of DNA was used, which
was labeled and hybridized together with the control DNA
(Promega Corporation, Madison, WI) in the NimbleGen Hu-
man CGH 12x135K array (Roche NimbleGen, Inc., Reykja-
vik, Iceland). The array was scanned on a NimbleGen MS
200 Microarray Scanner (Roche NimbleGen, Inc.). Image fi-
les from the MS 200 data collection program were imported
into DEVA v1.2.1 (Roche NimbleGen Inc.) for analysis. The
CGHweb?' program was used, and each genomic region
showing a change in copy number was examined by the
USCS?2 genome browser to determine its location.

Additionally, a bioinformatic analysis was performed with
the proteins involved in the genetic alterations found in the
patient, together with other genes described in the literatu-
re>58, through the STRING? and CYTOSCAPE? programs.
A correlation was made between the genotype obtained in
the bioinformatic analysis and the patient's genotype.
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Figure 2. X-ray of the patient shows dextrocardia. A) Thorax. B) Abdomen and pelvis.

|
Results

The patient comes from the rural area of the Cotopaxi
province. The ancestry study shows the following ethnic
composition: Native American 73%, European 23%, and
Afro-descendant 4%.

The cytogenetic study in peripheral blood revealed two
cell populations, one with 46 chromosomes and sexual for-
mula XX in 74% of metaphases analyzed and another with
46 chromosomes and sexual formula XY in 26% of meta-
phases. It was checked with the GTG banding technique
(Figure 3). The karyotype study of the parents was typical.

The FISH study confirmed the presence of the two cell
lines with signals for the centromere of the XX and XY chro-
mosomes (Figure 4).

The study of the SRY gene in the patient's peripheral
blood was positive (Figure 5).

The results of the DNA arrays carried out in another tis-
sue such as buccal mucosa, validated the finding of two cell
populations, in addition to evidencing 42,893,491 bp with
numerical alterations: 2,230,858 bp in gains and 40,662,633
bp in losses (Figure 6, Table 1).

The protein products of the genes involved in gains
and losses in the current patient showed some interactions
according to the analysis by STRING (Figure 7). Other ge-
nes have individual actions and do not show interactions
between genes located in chromosomal regions with nume-
rical alterations: https://string-db.org/cgi/network?taskld=b-
gZFFuhi5Rmo&sessionld=bvNOx6YZX0Hk

The analysis of the proteins involved in the genetic
alterations found in the patient, together with other genes
described in the literature in situs inversus, showed interac-
tions (Figure 8): https://string-db.org/cgi/network?taskld=-
buNXEx8Yhokl&sessionld=TMpgAFcE7jxm

The protein products of these genes show a relations-
hip according to the interactome with a non-random index
of 0.558, which means that these proteins have more inte-
ractions with each other than would be expected from a ran-

dom set of proteins of the same size and degree of distribu-
tion extracted from the genome. This association indicates
that the proteins are at least partially connected biologically
as a group.

In the first in silico filtration of the patient with the pro-
teins reported in the literature, they showed 109 interacting
proteins (Additional file 1), with their functions (Additional
file 2) and the genotype-phenotype relationship (Additional
file 3). Four highly correlated clusters were found with 90 in-
teracting proteins and 16 isolated proteins, and 3 pairs of in-
dependently interacting proteins. The interactome analysis
evidences the etiopathogenesis of the alterations presented
by the proband. Of all these, the following stand out for their
function: 5 genes for abnormal gonadal development bipo-
tential to the testis or ovary: CBX2, DHH, NR5A1, SOXO,
SRY; 8 genes associated with male sex determination DHH,
SOX9, NROB1, NR5A1, ADA2, RARA, ZFPM2 and SRY; 7
genes involved in the development of primary male sexual
characteristics: DHH, NROB1, NR5A1, RARA, SOX9, SRY
and ZFPM2; 5 genes involved in the development of female
gonads and steroid hormones: DHH, NROB1, NR5A1, SRE-
BF1 and ZFPM2; 6 genes of regulatory networks and gene
blockers in sex determination: MAP3K1, DHH, NR5A1,
SOX9, SRY and CBX2; 4 genes involved in molecular and
genetic events in somatic sex determination: DHH, NR5A1,
SOX9 and SRY; 7 developmental pathway genes of the di-
fferent types of testis cells: DHH, NROB1, NR5A1, RARA,
SOX9, SRY and ZFPM2; 1 gene for gonadal function and
sexual differentiation involved in the potential role and re-
gulation of sexual development: CBX2; 2 genes involved in
the maintenance of gonadal cell fate DGCR6 and NROBT;
3 genes involved in the development of the adrenal glands:
NF1, NROB1 and NR5A1; 4 genes involved in the ontogeny
of fetal Leyding cells: DHH, NROB1, CDK11B and MMP23B;
3 genes for Sertoli cell differentiation: NROB1, RAR and
SOX9; 2 genes involved in the testicles determination SOX9
and SRY; 2 ovarian infertility genes: NCOR1 and NR5AT; 2
genes involved in the FOXJ1 regulatory network in ciliary
associations DAB1 and DHH; 14 genes associated with
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Figure 3. Cytogenetics of the patient A) XX female karyotype. B) XY male karyotype.

Figure 4. Results of the FISH of the patient. The green signal corresponds to the centromere of the X chromosome and
the red signal to the Y chromosome centromere. A) XY. B) XY. C) XX. D) XX and XY.

1 2 3

200 pb

Figure 5. 2% agarose gel electrophoresis of the PCR pro-
duct of the SRY gene. Columns 1 correspond to the mole-
cular weight marker, 2 the negative control and 3 the ampli-
fied from the patient.

the dynein axoneme complex necessary for the structure
of cilia and lungs: CCDC40, DNAAF2, DNAAF3, DNAAF6,
DNAH1, DNAHS5, DNAH11, DNAH6, DNAI1, HYDIN, TTCS,
ODAD4, ADA2 and ZMYND10; 15 genes associated with
ciliary movements and abnormalities: CCD40, DNAAF2,
DNAAF3, DNAAF6, DNAA11, DNAH1, DNAH11, DNAHS,
DNAHG6, DNAH9, DNAI1, HYDIN, TTC8, ZMYND10 and
ODAD4; 6 genes that determine left-right asymmetry of
the liver, digestive tract, and pancreas: CCDC40, ADNAF2,
ADNH5, ZIC3, ADNH11 and ODAD4; 5 positive chemotaxis
genes: CCL3, CCL5, DEFB103B, DEFB104B and DEFB4B;
7 bilateral symmetry determining genes: CCD40, ADNAF2,
ADNH11, ADNH5, ADNI1, ODAD4 and ZIC3; 2 mammary
development genes: CDH1 and TP53; 2 ectoderm deve-
lopment genes: CCL2 and JUP; 2 endoderm development
genes: HNF1B and ZIC324.

|
Discussion

As far as we have reviewed, the association between
true hermaphroditism with a XX/XY karyotype resulting from
chimerism and situs inversus totalis is exceptional. The
present study confirms our approach through the different
analyses carried out on the proband.

A plain chest X-ray performs the patient's first sign of
visceral transposition. This data, added to subsequent echo
sonographic studies, confirmed the diagnosis of situs inver-
sus totalis. Generally, this condition is asymptomatic?5-2¢.

In the present case, the patient lives as a woman; she
presents the secondary sexual characteristics of a woman,
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Figure 6. Genetic mapping array of the patient. A) Plot of genome-wide copy number, results are shown for log2 ratio (a
measure of chromosome copy number; Y-axis) versus genomic position on each chromosome (red lines up and green
lines below) indicate gain and loss respectively; X-axis). B) Whole genome image, gains and losses shown in yellow and

green, respectively.

and although hypogonadal, she does not present evident
anomalies in the external genitalia. On the other hand, the
presence of the Y chromosome and the SRY gene explain
the hormonal and gonadal data'®.

The present patient consulted for hypogonadism; her
apparent phenotype is female, with the previously described
characteristics. The initial peripheral blood karyotype of the
46, XX/46, XY patient defined her as a true hermaphrodite
with a female phenotype, as described in the literature>1518,
This led to an exhaustive physical examination and hormo-
nal tests with low normal estradiol and FSH, and abnorma-
lly high testosterone, although not normal for a male. This
could be explained by the proportion of chimerism XX 74%
and XY 26%. Ultrasonography confirmed hypogonadism
and visualized apparent bilateral gonads, and the biopsy of
the right gonad showed ovotestis, which led to studies of
tissues of other embryonic origin'®'7.

If testicular tissue is present in the patient's gonad, the
fetal Sertoli cells produce the anti-Mullerian hormone, which
is responsible for the regression of the Millerian ducts. At
the same time, fetal testicular Leydig cells produce testos-
terone from cholesterol to generate activated dihydrotestos-
terone. If the gonad is the ovary, it does not produce the
Miillerian-inhibiting substance, and otherwise, the Mdillerian
ducts would become the uterus, fallopian tubes, and cervix.
This may indicate that the patient's androgen secretion was
not sufficient to drive scrotal and penile development due to
deficiencies in testosterone production, dihydrotestosterone
deficiency, androgen insensitivity, and defects in anti-Mlle-
rian hormone or its receptor during lactation embryonic sta-
ge'®'"'® Our patient has normal female hormones, although
low, and present testosterone, although not within normal

ranges for a man, but high for a woman—condition exp-
lained by the presence of both tissues in the patient, both
ovarian and testicular.

Most histopathological studies of ovotestis are mixed
ovarian-testicular tissues, as in the case of the current pa-
tient. The risk of neoplasia in mixed gonads of the ovotestis
type is between 2 and 3%. It is plausible that our patient
presents two cell populations derived, according to the li-
terature, from more than one fertilized egg or the union of
more than two gametes'®?”. We do not think our patient is
a mosaic, the product of an XXY zygote with subsequent
failure in cell division at least two consecutive mitotic events
and the formation of two cell lines XX and XY'8. Peripheral
blood and buccal mucosa studies point to the XX/XY chime-
ric origin and to a primary chimera, in which the ovum and
the second polar body could be fertilized by two spermato-
zoa that would cause tetra gametic aggregation. We believe
that the fertilization theory of the ovum and second polar
body is more accurate, which, by uniting in morula phases,
would determine the different proportion of the cell popula-
tions of our patient, which is also the most frequent way for
chimeras to occur'®'216,

One more piece of information that supports herma-
phroditism due to a chimera is that congenital adrenal
hyperplasia was ruled out since cortisol is normal. It is the
most frequent cause of DSD, with which, being its XX/XY
karyotype, we reaffirm hermaphroditism true chimeric, addi-
tionally confirmed at laparoscopy, which identified ovotestis.

Disorders of Sex Development (DSD) are defined as
congenital conditions in which the development of the chro-
mosomal, gonadal or anatomical sex is atypical. DSDs ran-
ge from mild forms of hypospadias to complete sex rever-
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Cromosoma Pares de bases Alteracion genética Genes

1 1568135 - 1648815 Ganancia SSU72, Clorf233, LOC105378586, MIB2, LOC105378587, MIMP23B, CDK11B
57629059 - 57629059 Ganancia DAB1

2 59478979 - 59478979 Pérdida

187772255 - 187893723 Pérdida LOC105373788, ST13P2

3 133472372 - 133472372 Pérdida BFSP2

4 139186146 - 139186146 Pérdida

5 69304614 - 69647605 Pérdida CFL1P5, CCDC125, CHCHD2P2, AK6, TAF9, RAD17, MARVELDZ2, RPS27P14,

LOC101928924, OCLN, GTF2H2C, LOC643784, LOC100272216, LOC728488,
LOC728093, GUSBP3, LOC105379024

70188315 - 70318594 Pérdida LOC643367, SMA4, LOC728526, LOC102724356
70443512 - 70650899 Pérdida GTF2H2B, LOC102724356, LOC728535, LOC441081, LOC340089,
LOC728540, SMAS, LOC105379020
235498 - 235498 Pérdida LOC105374870
7 101904918 - 102125708 Ganancia CUx1
143590133 - 143704617 Pérdida TCAF1P1, LOC101928466, LOC101928422, LOC100533814, TCAF2
8 6846110 - 6864661 Ganancia LOC105377798
7336246 - 7734501 Ganancia USP1714, LOC402329, FAM66B, ZNF705G, DEFB108P2, DEFBAB, HSPD1P3,

DEFB103B, SPAG11B, DEFB104B, DEFB106B, DEFB105B, DEFB1078B,
LOC105377801, LOC101927997, PRR23D1, FAMS0A6GP, FAMY0A7P,
FAMBS0AZ21P, FAM90A22P, LOC105377800, FAM90A23P, OR7E157P,
LOC101929400, OR7E154P, FAMS0A14P, LOC105379215, FAMS0A1SP,

FAM90A16P
10 37490461 - 37524113 Ganancia TACC1P1
12 127409287 - 127409287 Ganancia
14 51518328 - 51518328 Pérdida
18407780 - 19359937 Ganancia BNIP3P6, OR11H12, LOC105370386, ARHGAP42P5, LOC642426, USP10PZ,
L0C100420172, LOC100132698, LOC100422529, RPL22P20, NEK2P3,
NEK2P1, NF1P7, MED15P6, LOC105370390, LOC100508046, POTEM,
10C105378171, LINCO1296, BMS1P18, DUXAP9, NBEAPS, LOC100420095,
OR11H13P, LOC100421684, LOC100420097, NBEAP6, BMS1P17, DUXAPIO,
L0C105378174
15 18469958 - 19993266 Pérdida L0C101059971, IGHV1OR15-9, SLC20A1P3, IGHVIOR15-2, LOC105379210
20887735 - 21062154 Pérdida VNIR60P, VNIR61P, ZNF519P2, NF1P1, MIR5701-1, OR11J2P, LINCO1193,
OR11J5P
16 14738223 - 14738223 Ganancia 10C105376747
14960619 - 15030934 Pérdida LOC728138, PDXDC1, MIR1972-1
68603704 - 68749133 Pérdida LOC100418868, CDH3, HSPE1P5, CDH1
17 31544567 - 31650808 Ganancia TRT-CGT4-1, MIR193A, MIR4725, MIR365B, LOC105371726
4158905 - 41618429 Pérdida ALOX15, ARRB2, GP1BA, SLC2A4, POLR2A, TNFSF12, TNFSF13, SHBG, TP53,
AURKB, PMP22, NCOR1, SREBF1, NOS2, VTN, SLC6A4, NF1, CCL2, CCL5,
CCL3, HNF1B, ERBB2, CSF3, RARA, TOP2A, CCR7, KRT19
41755952 - 42121258 Ganancia JUP, P3H4, FKBP10, NT5C3B, KLH10, LOC105371779, ACLY, TTC25,
L0C105376837, CNP, DNAIC7, NKIRAS2, ZNF385C, LOC105371780, DHX58,
KAT2A
20 60069908 - 60069908 Pérdida C200rf197
22 17178544 - 17184201 Pérdida CECR1
18844824 - 18844824 Pérdida
18883523 - 18961060 Pérdida LOC100996432, DGCR6, PRODH
20026630 - 20215682 Pérdida MIR185, TANGO2, MIR3618, MIR1306, DGCRS, TRMT2A, MIR6816,
RANBP1, ZDHHCS, LOC388848, LOC284865, LINCO0896, LOC105372862
X 52257860 - 52274611 Ganancia L0C105377209
52529643 - 52565054 Ganancia
52580681 - 52583742 Ganancia
153064828 - 153165611 Pérdida PNMAGA, PNMAG6B, LOC105373374, LOC728307

Table 1. Genes involved in the numerical alterations detected by the array.
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Figure 7. Interactome of 36 proteins produced by genes located in the regions with numerical alterations by the array.
Pink lines, experimentally determined interactions; light blue lines, determined interactions in selected databases; lines of
other colors, predicted gene neighborhood interactions, gene fusions, and protein homology.

sal. Gonadal anomalies are estimated to be 1 in 4,500 live
births'”. Hermaphroditism is a rare disorder defined by the
presence of testicular and ovarian tissue in the same indivi-
dual, regardless of the karyotype and has an incidence of 1
in 100,000 live births™.

To this day, the etiology and pathogenesis of true her-
maphroditism remain unclear. Still, sex chromosome ab-
normalities, abnormal gonadal development, and related
endocrine disorders during embryonic development and
some genes may be involved''. Several studies show that
sexual differentiation and gonadal development require the
participation of the SRY gene in chromosome Yp11.2 and
that this is key for testis development, which in our patient
is evidenced by the positive result for the SRY gene and
would explain the finding of rudimentary gonads with a po-
sitive biopsy for ovotestis. Although other genes have been
implicated in DSD, they are not the subject of our study, and
we only mention them: the NROB1 gene on chromosome

Xp21.3, the NR5A1 gene on chromosome 9q33, the CBX2
gene on chromosome 17q25, the MAP3K1 gene on chromo-
some 5q11. 2, DHH gene on chromosome 12913, AKR1C2
gene on chromosome 10p15, ZFPM2 gene on chromosome
823, and SOX9 gene on chromosome 17q241517:18,

The patient underwent FISH tests in peripheral blood
that revealed the XX and XY cell populations. However, to a
lesser extent, the latter was validated with the amplification
of the SRY gene by PCR.

To check for chimerism, we evaluated DNA from two
types of tissues: peripheral blood and buccal mucosa. The
results of the karyotype in mesodermal tissue (blood) and
of the genetic mapping arrays in ectodermal tissue (muco-
sa) show two cell populations, one XX and the other XY.
This procedure for verifying chimerism has been described
in various studies®®'21416.28 |n our patient, the karyotype is
key, since being XX/XY, and having demonstrated that it is
a chimera through studies of two tissues, this case is an in-
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Figure 8. Interactome of 109 protein products of genes located in the regions with numerical alterations by array, and
protein products of genes described in the literature. Pink lines, experimentally determined interactions; light blue lines,
determined interactions in selected databases; lines of other colors, predicted gene neighborhood interactions, gene

fusions, and protein homology.

frequent finding. We have not found in the literature a case
of hermaphroditism of chimeric origin associated with situs
inversus totalis.

The etiology of situs inversus totalis is related, among
other reasons, to mutations in various genes as reported
by OMIM (Online Mendelian Inheritance of Man)? such as
Myosin IC (MYO1D), the genes for ciliary dyskinesia CILD,
DNAH1, DNAAF3, DNAI1, genes for visceral heterotaxy
(HTX), hairpin box genes (FOXJ), Dynein assembly genes
(ADNAF2), genes for the Tetratricopeptide 8 (TTC8) pro-
tein, and 50 genes can be included in this list>®. Genomic
studies of this affectation blame mutations of these genes.
Genes with ciliary dyskinesia in 60% of the cases analyzed
imply genetic heterogeneity in the disorder's origin, even
because many of the individuals analyzed did not present
mutations in one or several of the genes®.

Of the chromosomal regions with copy number altera-
tions in the current patient, according to genetic mapping
arrays, gains involving the TTC25 gene were found. This
gene encodes a protein containing a tetratricopeptide re-
peat domain located in ciliary axonemes and plays a role
in the coupling of the outer arm of dynein to the cilia. Mu-
tations in this gene cause severely reduced ciliary motility
and the disorder CILD35 (primary ciliary dyskinesia type 5).

Primary ciliary dyskinesia is often associated with recurrent
respiratory infections, immobile sperm, and situs inversus,
an inversion in left-right body symmetry®.

The interactome analysis ultimately showed the asso-
ciation of genes present in regions with numerical altera-
tions with genes previously described for situs inversus® ¢,
including that of TTC25 with DNAI1 also described®'. 4 im-
portant clusters, 3 medium clusters and 16 isolated proteins
were identified, also, at the level of function and correlation
with the phenotypic signs of the patient.

Similarly, the in-silico analysis of the interactome of pro-
teins involved in the patient, the corresponding proteins of
situs inversus and hermaphroditism, shows a strong geno-
type-phenotype association.

|
Conclusions

We present a patient with an extremely rare diagnosis
in which three pathologies converge: chimerism, herma-
phroditism and situs inversus totalis with a strongly asso-
ciated genotype-phenotype interactome. The combined use
of techniques: conventional cytogenetics, FISH, PCR and
Arrays allows us to elucidate with better precision the affec-
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tation of the patient and the associations between altered
genes, the phenotype and the situs inversus. This analysis
revives the discussion about using and accessing better te-
chnological tools to characterize patients with malformation
problems and complex DSDs.
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