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Abstract

Background:=Follow-up data onpatients with46,XY partial gonadal dysgenesis (PGD)
until adultheodarescarce, making information on prognogiicult.

Objective: To analge the longterm outcomes opatients with46,XY PGD regarding
testosterone,production, germ delinour risk, genotypendpsychosexuahdaptation.
Methods:Axretrospective longitudinal study of 33 patients (20 assigned male and 13
patients assigned female at birth). Molecular diagnosis was performed by Sanger
sequencing or btargetedmassively parallel sequencing of 63 genes relatelistrdersof
sex development (DSDs).

Results. sAge’at first and lat visit ranged from 0.1 to 43 arfdom 17 to 53 years,
respectively:’Spontaneous puberty was observed in 57% phtleants During follow-up,
six of themhada gonadectomyféur due tofemalegender, andwo because o& gonadal
tumaur)-At last evaludbn, five of six patientshad adult male testosterone levatgefian
16.7 nmol/L, rangel5.3-21.7 nmol/Landelevated LHand FSH levelsGerm celltumours
were found intwo postpubertal patien{®newith anabdominal gonad anshepatient with
Frasier spdrome).Molecular diagnosis wgsossiblein 11 patients (33%NR5Alvariants
were the.most prevalent molecular dedeet = 6), andfour of five patients harbaring
them developed spontaneous puhe@gnderchange was observed faur patients,two
from eachsex assignment groupll patients reportedatisfaction with theigenderat final
evaluation. $xual intercoursevas reported by 81% dfoth genderand 82% of them
reported satisfaction with their sexuiaks.

Conclusion:"Spontaneous pubertyasobserved in 57%f the patients with46,XY PGD,
being NR5Aldefect the most prevalenbnesamong allthe patients andn thosewith
spontaneous pubert@ender changdue to gender dysphoneasreported byl2% of the
patients All thepatients reportedasisfaction with theifinal genderand most of them with

their sexual life.
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1. Introduction

The. 46,XY disorder of sex development (DSD) due to gonadal dysgeneais is
congenital disorder caused alerationsn the complex pcessof gonadl determination
There istawide phenotype spectrum ranging from a partial form, characterisadatnyev
degrees of*external genitalia undervirilisation, development of Mullerian deesatnd
testosterone production to a complete form with female external and internaligenit

There,are scarce dabm longterm follow-up of 46,XY partial gonadalysgenesis
(PGD) patientsregarding spontaneous pubértyisk of a gonadal tumour developnient
and genderiadjustmentnaking it difficult to provide comprehensive information to
parents.

Our aimwasto describe the phenotype, genotypad longterm outcomes of a
large cohertyopatients withd6,XY PGD followed until adulthood.

2. Subyects and M ethods

Thirty-three patients with 46,XY PGD were included in thigetrospective
longitudinal study conducted at Hospital das Clinicas of Sdo Paulo (HCFMDSeNty-
six patients were initially evaluateat our service and 7 had alreadhad a previous
genitoplasty,and/or gonadectomy elsewh&veitten informed consent was obtained from
all the patientsThe clinical and molecular data fronp&ients were previously report&d
Inclusion criteriawereas follows:>17 years of age at last evaluation, a 46,XY karyotype in
a Gbanded karyotyping analysis of at least Bfripheralblood lymphocytes atypical
genitalia_associated with the presence of Mullerian déviestand/or at leasbne gonad
with histopathological features compatible with testicular dysgenesis. Data regseding
assignment; agat first and last evaluation, external genitalia appearatiee hormoal
profile throughoutthe follow-up andat last visit pubertal developmentand gmadal
tumour incidence were collected from media&cords Patients wereassumed to bat
prepubertabgeif they were younger than 9 years, at pubertal ageifwere9.1-16 years

old, and at adulageif they wereolder than 17 yeardlicropenisis defined as a normally
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structuredoenis whichin its fully stretched lengtfs less than 2.5 standard deviaBd8Ds)
below the mean for ageand microphalluss defined asa micropenisassociated with
hypospadias.

The external masculisation score (EMS) was calculated as previously described
To determinette rormonal profile luteinising hormone (LH), folliclestimulating hormone
(FSH), and testosteronevere measured by immunoradiometric or immunofluorimetric
assays athe-first and at each serannual followup vist. Spontaneous puberty was
assumedifvirili sation was observed in pubertal patientsvasreported by the patients that
came in adulthoodin conjunction with the presence of pubertal signs (presence of
secondarysex characteristissichas increased penile lengémdtestis diameter >2.5 cm,
when they were palpable) and withale serum testosterone leveldthout theuse of
exogenous testosterone.

For prepubertal patienta,human chorionic gonadotropinGG) test was performed
by means of 4 intramuscular injections5it to 1001U/kg each,with a 4day interval
betweenthesdnjections A single dose of 5000U of hCG wasadministered toadult
patientssSerum levels of testosterone were measured befbi® hours after the last hCG
injection,

Data on a gnadal histologyvere collected from medicatcords.

Physical evaluation of thedpablescrotal teste of male patientsvas performedt
every medical visit dach semester or annually)and testicularultrasonographywas
performedonce every 2 yearsf a suspicious nodule was identifiedymour markers (-
HCG, a-fetoprotein and caraioma embryonic antigen) wetested,and a gonadectomy
was indicatedf needed

Continuous variables were described as median and .r@ifferences in the
categorical variables among the groups were aedlypy the Chbsquare @st or Fisher’s
exacttest,when appropriatelThe Mana-WhitneyU test serveds a nonparametric tesind
data withp'< 0.05wereconsidered statistically significant. All analyses were perforimed
SPSS Statistg24.0software(ChicagoIL).

Evaluation of gychosexualcharacteristicswas performed on21 patients by a

psychologistspecializingin DSDs. Slf-repored gender identitythe selfreportedgender
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role in childhood the desire to changgender, andatisfaction withgender andvith their
sexuallife were analgedvia a questionnairgseeAppendix 1).

For molecular diagnosis, genomic DNA was obtained from peripheral blood
leukocytesby the proteinase KSDS saltingout method’. Six genes involved in testicular
dysgenesisIRY NR5A1, CBX2, MAPK3-GF9, andFGFR2)were previously sequenced
by the Sanger methoah patients 1, 3, 10, 14, 26nd 30.Patients 15 and 31 haohly WT1
variants=screeneaonsidering their phenotypic features, as previously reported in great
detaiP°~The=entirecoding region andhe exorintron boundary areasf each gene were
PCRamplified with specific primersThe PCR products were sequenced accorttirifpe
protocol.oftheABI Prism BigDye Terminator Cycle Sequencing Ready ReactiofLkfe
Tednolegies Corporation, CA, USAn anABI Prism Genetic Analyzer 3130XL (Life
Technologies Corporation, CA, USA).

Twenty-seven patients were analysed during the 2010by targeéd massively
parallel‘'sequencingdAn ampliconbased capture panel was desigagédinst exonic regions
of 63 genes; including 43 genes already associatdtdhuman DSB and 20 candidate
genes involved in gonadal determination pathwaysith a DSD phenotype in rats*®
(see Appendix 2).Capture of the target sequences was performed usiogstom Sure
Select _Target Enrichment System Kit (Agilent). Sequencing was perfamgxz [llumina
MiSeq platform. Paire@génd reads (% 300) were aligned to the hgl9 assembly of the
human‘genome with B®R:MEM®. The aligned reads were sorted and converted to the
BAM dJormat using the bamsort tool from the biobambam2 suite
(https://launchpad.net/biobambam?2). Mean coverage was oxdp®all the samplesand
more than 96% of the RefSeq gemaliog regions was covered at 20r greater. Single
nucleotide variants and smatisertions or deletions (indelg)ere simultaneously called in
all samplesnsthe Freebayes softwai@ttps://github.com/ekg/freebayes). Annotation of the
variants=was performeih ANNOVAR?. For prioritizing the mostikely pathogenic
variantsywe filtered out those with a minor allele frequency >0.5% in available population
databasesBenome Aggregation DatabaggnomADY?, 1000 Genomé$ and in the
Brazilian population database ABraGM To assess the possible impaaft the novel
nonsynonymous variants on protein structure and function,emeloyed in silico
algorithns (SIFT, PolyPhen2, Mutation Asssor, andCADD) and conservain scores
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(GERP++, PhyloP). Trs® variants were considered deksious when predicted as
pathogenic byat leastthree algorithms.The variants were classifiedccording to the
American College of Medical Genetics and Genomics guide(he#G)*.
3. Results

The matients age at first visit ranged from 10 days to 43 years (median 13)years
and at last visjtfrom 17 to 53 yars (mediar26.5year9. Follow-up ranged from 3 to 26
years'(median 13.2ears). Nineteepatients had/ullerian derivatives (5%). Histological
analysis‘identified testicular dysgenesis inphBients (6%) and absence of gonadal tissue
in 9 (33%).
Sexassighment and tHeEMS

Thirteen patients were assigned female and 20 were assigned male awnsrtty-
six patients were assigned befdahe year 1990 (16patients tomale and 10patients to
female), andsevenpatients were assigned between 1990 an® {9%atientso male and
3 patientsto female). The median EMS diirst evaluation inpatientswithout a previous
genitoplastyswas 3.5 (1.0 to 5.5) for ghatients assignei@male and 6.0 (3.0 to 7.5) foreth
patientsassignedmale at birth (p = 0.002). his difference inthe EMS between the two
sexeSwas observed in the patients assipatmte and aftethe year 1990.

Four patients changdteir gender in adulthoodyvo from male to femalandtwo
from female to male. Thedeur patientsvisited our hgpitalatan adult age.

The patients were groupeoh the basis other genderand not on their sex
assignment
Female 'gendegroup(n = 13; Table 1)

Two patients came at prepubertal §oatients 1 and 2four at pubertalpatients 3
6), and seven after pubertal age(patients #13). Three patients had alreadyad a
gonadectomy and genitoplasty (patients 6a@d 9). Amongst the 1@atients without
previous_genital surgery, external genitalia ranged from normal female (p&)eferale
with clitoremegaly (patients-5, 8, andlL1) to micropenis (patient 11). Six patients had
perineal*apenings (patients 1, 3, 4, 5a6d 13), andive patients had a single perineal
opening (patients 2, 8, 10, 1dnd12). All the patients had bilateral cryptorchidcis These
patients had elevated serum gonadotropin levels with predominance of FSH(langts
from 38 to 77 IU/L) over LH levels (range from 5 to 321.).
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All female patients had undergone feminizing genitoplasty and bilateral
gonadectomy. Oestrogeaplacement was started atmedian age of 14 (10 to 31 years
with normal breast development.

Male gender groun = 20; Tables 2 and 3)

Twelve patients were evaluated at prepubertal(pgients14-18, 24-30), threeat
pubertal. agépatients 19, 20 andl}, andfive after pubertypatients 2423, 32 and 33)At
first evaluationthreepatients had previous genitoplasty (patients 20, 2hd 29)two had
undergone-bilralgonadectomypatients20, 21) and oneaunilateralgonadectomypatient
29).

Regading the 17 remaining patients, 12 had microphallus and proximal
hypospadias (I®6), 14 had bilateral cryptorchidism (82%), had unilateral cryptdisim,
and oneatienthad bothteseslying inside the scrotum

The patients with lowbasal and/or hCG-stimulated testosterone leveldad
undergne bilateral gonadectomyAll of them received testosterone replacement at a
mediangagerof 15 (11.7 to 4@arg. Their median phallus size at first visit wa3.4 SD
(-6.1 to=1.7SD), and in adulthood, after teseysne replacementye phallus size reached
a medianwef 9 cm (range 6.7 to 12 cm), correspondir@ .t SD (ange-4.1 to—0.9 SD).

Patientswith preservedestosterone secretiomith one atrophic cryptorchid testis
had hadunilateral gonadectomy. The median phallus size cetlpatientst first visit was
-3.3 SDi(ange—4.3 t0o—0.3 SD). In adulthood phallus size reacheaimedian of 8 cm (6.5
to 9.2 cm), corresponding #8.3 P (—4.3 to—-2.6 SD).

There was ngcstatistically significant difference irphdlus size SDs between the
patients,with preservedtestosterone secretioand those who receivedestosterone
replacemenand alsaattheirfirst and lat evaluation.

Testosterone production patients with46,XY PGD

Atfirst evaluation, 28patientswho did not undergo bilateral gonadectonny
childheedwere evaluated regarding testosterone produdkoyure 1) Fourteenof them
were atprepibertalage (patients 1, 2, #48, and 2430). Hght of them had armalhCG-
stimulatedtestesterone levelgpatientsl, 2, and 25-30Q, median 0f13.8 nmol/L (6.2to
22.1 nmol/l), and onepatientat minipuberty had normal basal testosterone levels (patient

24). The dher five individuals (patients 1418 showed very low hCG-stimulated
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testosterone levelgundetectable t®2.9 nmol/l). All the male patients with impaired
testosterone secretion artdio female patients(patients1 and 2 had hadbilateral
gonadectomy.

Among the 2Jpatients withoubilateral gonadectomyl2went througlspontaneous
puberty (patients 3, 4, 5, 13,28, and 31-33), including fofemale patientgpatients 3,

4, 5, and 13Figure 1).Thesefemale patientand thetwo male patients who developad
goradal~tumar (patients 31 and 32underwentbilateral gonadectomyPatient 29
progressively lost stosterone secreticand started testosterone replacement at the age of
34 (Figure 1)

At last evaluationfive male patientsmaintained normal male adult testosterone
levels (mediaril6.7 nmol/L, Table 4). Foumpatientshad high LH (median 11U/L) and
FSH levels (median 24U/L), andonesubjecthad normal gonadotropievels (patient 25)
at 17 years of age.

Altogether,twelve patients(57%) had gone througlpontaneousyberty. At last
evaluatioensfive of eight patients withmale social sexvho had gone through spontaneous
puberty stillhad normal testosterone production.

Psychesexudbllow-up according tayender

Tenpatientsassigned femaland 11lpatientsassigned male at birth were evaluated
Gender dysphoria argender changeereobserved irfour patientstwo from eachgender
group.None of the patients reported nbmary or gendefluid feelings.

Patients 8 and 11 were assigmeale at birthTheformerhad atypicabenitalig and
thelattershad severe micropenis and bilateral cryptorchidismay Thearlydisplayedfemale
behavigur preferring female activities and clothes since childhood. Teegivedproper
medicaland psychologicaassistane at the ages of 18nd 30 respectively At the time,
their harmonal profileshowed hypergonadotropic hypogonadigithout pubertal signs.
Their psychological analysievealedfemalegenderidentity and gender dysphartiThey
changedtheir genderto female had feminizing genital surgeryand weretreate with
conjugated,estrogens.

Patients 21 and 33 hatypical genitalia and were first assignéeimale at birth

Theyhad manifested maleehaviour since childhood, preferring boys’ hobbies and clothes.
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Patient 21 hach feminizing genitoplasty and gonadectomy at 1.6 yedrage
elsewhere and had no psychological evaluationfalholw-up. At age 19he change his
genderto male and testosterone replacement was stae@7 years of agehe came to
our instjtution looking for neophallus surgery.

Patient 33 never had medical assistance. Hehaddnale gender identity since he
was 9 years.oldVvirilisation due to spontaneous pubewgsnoticed when he was 15 years
of age Atthetime, he changetiis genderto male He was first seen at our sewiat age
26, whenmasculinizing genitoplasty waerformed.

At final evaluation, all the 21 patientsad gender identityconcordantwith their
selfreportedgender rée in childhoodand were satisfied with thegender.Four females
(40%) andeight males (73%) had a steady partneenetrativesexual intercotse was
reported byeightfemales (80%) anlly ninemales (81%)amongwhom six females(75%)
and eighimales (81%) reporéd satisfaction withrsexuallife and orgasm.

None of the patients from both genders have offspring or adopted children.
Testosterene production and gender

There'was no relation betwepnstnatatestosterone levelsnd gender considering
the highest serutestosterone levelt baslineor afterthe hCG stimulation tesbbserved at
the followstip (p = 0.9).

Incidence of gonadal tumours

During follow-up, patients underent bilateral gonadectomy due temalegender,
for impaired, testosterone secretidor an atrophic cryptorchid testisor because of a
gonadaltumourThirteen patientdiad bilateral or unilateral gonadectomy at prepubertal
age at @ median age of 4 years (1.2 to,&8) no evidence of germ cell neoplasia was
found. Fifteen patientead a gonadectonst pubertal age dn adulthood at median age
of 21 (9.9.t0 47.9), andtesticulartumour was found itwo subjectqpatients 31 and 32).

Patient 31 had bilaterglonadoblastoma at ages 18 anda@@ anin situ germ cell
neoplasiasin the rightestis, despite the scrotal position of both testes, dua WT1
(Wilms™tumour 1) mutation as previously reportédPatient 32 had mixed germ cell
tumour (80% embyonal carcinoma, 15% yolk satimour, 5% doriocarcinoma) with a

gonadoblastma in the left abdominal gonad 23 year®f ageassociated with very high
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levels of hCG (538UJL; referencelevel <3 IU/L). He undewent bilateral gonadectomy
and chemotherapy wittigood response.
Molecular diagnosis

Pathogenic or likely pathogenic variants were foundiire sporadic cases and in
two familial_caseseight identifiedby Sanger sequencing atitteeby targeed massivéy
parallel'sequencin@Table 5) All the identified variants aréeterozygous antbcated in
genes previously associated with gonadal dysgenesis phenotyR&AY SRY WT],
MAP3KdrandFGFR2).Nine variantshadalreadybeendescribed”?> andtwo variantsare
novel (in MAP3K1 and FGFR2 the familial cases)None ofthe variantswas found in
population.databases, including the Brazilian ABr&®MIR5A1defects were the most
commony’ being responsible for 18% tife cases and in silico and in vivo studies
corroboratedhe deleteriousness biR5Alvariants, as previously reported by our grbup
None of these patients had adrefadllre. Segregation analysis by Sanger sequencing was
possible, ineight out of ten families and confirmed segregation with the phenotypieven
families;andde novostatus of théwo WT lvariants.

4. Discussion

The DSD due to46,XY PGD is a rare disorder. It represents 19.6% in our cohort of
250 patientswith a 46,XY DSD. The currentstudy is the largest 46,XY PGD cohort
showingclinical outcome and molecular analysis.

Sex assignment is the most controversislieof DSD managementn our cohort,
most patients were assigned before 1880s,and malesexassignment was significant
more frequent in patients with lagher EMS, in aatio of 1.5 malesto 1.0 female.The
International Disorder of Sex DevelopmeD$D) Registry reported an increase in the
maleto-female sex assignmerdtio in 46,XY dysgenetic DSD babiesith time, starting
from a ratio_of 0.4 before the 1990s toatio of 1.5 in children born after 199@®gardless
of the EMS *°.

Despite thisincreasingtrend on male sex assignmenthere arescarce data on
pubertal*develomentof those patientdn our cohort, spontaneous pubentgis observed in
57% of the patientsvho did not undego bilateral gonadectomy childhood. In adulthood,
all the male patientsnaintained testosterone secretion, excepthferoldest, wb showeda

decrease in testosterone secretion at the age of 34. Thed hlgha_H levels (>1QU/L),
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with the exception of the youngest, indicating partial Leydig cell dysfunction. Regarding
reproductive function, high FSH levels (>R0/L) were found in most igents manifesting
compromised spermatogenesis although the sperm count was not performed.

In oneretrospective study on pubertal development of 46,XY PGD patients, 9 out of
10 patients.had gone through spontaneous puberty with high FSH levels and pregress
elevation of LH. These patients had a mijnadaldysgenesis phenotype as 60% had a
penile urethra opening amdl of them were assigned male at bfrth

In*humans, the process of gonadal determination is quite cohgsidxa molecula
defect waddentifiedin 20%and 40% of the 46,XY gonadal dysgengmsientswho were
studied by .Sange? and target massively parallel sequencing, respectiiR5A1and
MAP3K1allelic variants were thenost frequent molecular diagndis

In ouristudy, likely pathogenic or pathogenic allelic variavseidentifiedin 33%
of the patientsin one of the followinggenesINR5A1 SRY WT1 MAP3K1 and FGFR2
NR5Aldefects(n=6) were the most frequent e wholecohort and also among the 12
patientswhesdevelopedpontaneous puber{p=4). Moreover threeof these patients were
assigned femalat birthowing to their severg undervirilised genitalia. Thidinding is in
agreemenivith other reportS™®°. In those cases, theevereundervirilisation of external
genitaliacould not pedict virilisationin adulthoodbecauséestosterone secretioacovered
during pubertyfor unknown reasofg.

RY defects hae been mostly associated with complete gonadal dysgenesis and
rarely withepartial gonadal dysgenési¥>°. The SRYp.Arg30llepathogenic allelic variant
was identified inoneof our patientsvith spontaneous puberty.his same variant was also
found in aotherBrazilian family, including affected members with various phenotypes,
ranging. from complete to partial gonadal dysgerigsis vitro studies proved the
deleteriousness of the vari&htNone of thereported patientswith PGD due to SRY
variantshadpreservedestosterone secretior >,

Missense defects iilms’ tumour suppressor gene MWT1) cause Frasierand
Denys-Drash syndromé%*% One of our patients with normsize tests and spontaneous
pubertyharbaired the most common allelic variant in introfWT1, which isassociated
with Frasier syndromé& This syndrome is generallgharactesed by bilateral gonadal

dysgenesisfemale external gnitalia renal failure in the second decade of,ldad high
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risk of testicular gonadoblastoma. Instead, our patient had a predominantly maltypéen
with normal penile length,and perineal hypospadiasesembling the DenyB®fash
phenotype.Even thoughthere arefive other cases ofrasier syndromewith a male
phenotyp&** including onewith a normal male phenoty{e there are no reports of
patientswith. spontaneous puberty.

The novel heterozygous variants!lAP3K1p.Leu639Pro andFGFR2 p.Ser453Leu
wererfound simultaneously in two 46,XY sistevghin our cohort, both inherited from
their unaffected mother. Both had severe undersadligenitaliaat first evaluationthough
normalimalel testosterone levels were reached after hCG dtonuia the 1.2yearold
child, and her 9.4rearold sister haghubertalmale testosterone levels.

MAP3K1 was first associated with 46,XY DSy Pearlmaret al*®. Targeed
massivédy parallel sequencing barevealed previously reported and noveMAP3K1
mutations not only in patients with complete gonadal dysgenesis but also in patiénts wit
PGD28’47'48.

FGFR2 variantsmost commonlycause raniosynostosis syndromes without any
gonadalsphenotype. Although there is one report of a heterozy§ebR2 p.Cys342Tyr
variantthat wasassociated with complete gonadal dysgeresisno report of patientwith
PGD", The FGFR2 p.Ser453Leu allelic variant found ame of our families is located in
the hotspot region for pathogenic variants responsible for craniosynostosisypkgnot
however, our patients and their mother did not have any skull problems.

The=mechanism by which the gonadal FGF signal is transduced intracellularly
remainswaclear, butFGFR2 and MAP3K1 are members of the RAS/RAF/MEK/ERK
signalling pathway and these patients may have a digenic inheritance cause of gonadal
dysgenesis.

The prevalence of germ cdllmoursin PGD isvariable Reported rates range
between 16% and 30%and for DenysDrash and Frasier syndromissas high as 40
60%°. Insolr cohort,two patients (7%) hach germ celltumour: one hadn invasive
seminomaand the other hadilateral gonadoblastoma associated vithsitu germ cell
neoplasiaBoth patiets hadadditionalfactors for germ cellumour development: orfead
an abdomial gonadand the other haldothtesticleslying within the scrotunbut carried a
WT1mutation.
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Pre and postnatal androgen exposure seems to contribute to male gender wlentity i
patients with thet6,XY DSD due tdbalphareductase type and 17beta-hydroxysteroid
dehydrogenase type deficiencies. In those patients, despite the severe undeatiah
and female rearing, a high rategenderchange to males observed, ranginfjom 50% to
63% and_from 39% to 64%espectively’. In 46,XY PGD, testosterone production is quite
variable,during detal and adult life. In our cohompostnataltestosterone levels were not
related to~the gender In addition,among the 5Spatientsassigned female at birttvho
virili sed“at'puberty, 3 harboedNR5Alvariants, and gendehange to male was observed
in one patient, who reported gender dysphoria since childhood.

Gender dysphoria had rarely beatservedin patients with PGD. To our
knowledge, “only onease of femal¢o-male genderchangehas beerreported’. This
patientharboured &NR5Alvariant,wasassignedemaleat birth, presentedvith virili sation
at pubertyand changetiis gendert 18 yearsf agé”. Nonethelessnogenderchange was
observed among anotheix PGD patients wittiNR5A1defectsalready describedyho had
gone threugtSpontaneous viriatior’>3133353¢ Together with the already publishedses
of NR5Aldefects,amongthe 10 patientsassigned female at birtlvith virili sation at
puberty,.two patients changetheir genderto male This datadoes not suggesthat
testosterone production at puberty is a determioagenderchange, but it should play a
role in 46,XY PGD patientsgender,although the smakample sizeloesnot allow us to
make any conclusion.

Thewpsycheexualevaluationin adultiood revealedthat the patients wergatisfied
with theirfinal social sexand 80% of thepatients reported satisfactiovith their sexual

life.

5. Conclusion

The presensstudy represents the largest 46,XY PGD cobkbdwingclinical outcomes and
molecuar.analysis Spontaneous puberty was observed in 57% ofpttents with46,XY
PGD, beingNR5Aldefectsthe most prevalent among all patients amgongthose with
spontaneous pubertA germ celltumourwas detectesnly after puberty in 7% of the
patierts. Gender changdue to gender dysphongasreported byl2% of the patientsAll

the patients reported satisfaction with thgander and most of them with their sexual life.
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Figure legends:

Figure 1. Flowchart of patients” follovup regarding testosterone secretion and gonadal

tumour‘incidence
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Appendix 1. Questionnaire applied to 46,XY DSD patients due to partial gonadal

dysgenesis regarding gender identification and sexual life quality

Social sex and gender identity

= Atbbirth,.your assigned social sex was: 1 — Female 2 — Male 3 — Undefined
= " Haveyou ever wished to change your gender? 1 —yes 2-no

= Havesyou changed your gender: 1 —yes 2-no

= How old were you when you started thinking about to change your gender?
= How'ld were you when you changed your gender?

= Define your gender identification: 1- female 2- male 3- both 4- none

Self reported gender role at childhood

= At childhood, you used to behave like you were: 1 —a girl 2 —-aboy 3 - Both

= At childhood, how you used to feel about your gender

»_If.assigned female at birth, you used to feel like a girl:
T=Never
2- Almost never
3- Sometimes
4- Often
5-,Always

» If.assigned male at birth, you used to feel like a boy:
1- Never
2- Almost never
3=Sometimes
4- Often
5«Always

= Which were your preferable toys at childhood
Classification of the preferable toys at childhood according gender:

Typically female toys Typically boys toys Neutral toys
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Dolls, make-ups, drawing,
reading, costumes, board

games

Cars and trucks, building
games (like Lego)

Plays with ball, running,
group activities

Sexual life aspects

= Do you have regular sexual intercourses? 1 —yes 2-no

= Do youhave a steady partner? 1 —yes 2-no

= Do you have penetrative sexual intercourses? 1 —yes 2 —no

= Are you satisfied with your sexual life? 1 —yes 2 —no

= Do youhave orgasm during intercourse? 1 —yes 2 —no
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Associated phenotype already related to human DSDsreported in OMIM

Gene Inheritance
(OMIM number) or in theliterature (L)* (n=43)
Gonadal development genes
BMP15 Ovarian dysgenesis 2 (300510); Premature ovarian failure 4 (300510) XL
CBxX2 46,XY sex reversal 5 (613080); 46,XY complete gonadal dysgenesis (L) AR
DHH 46XY._partial gonadal dysgenesis, with minifascicular neuropathy (60708( AR
46XY sex reversal 7 (233420)
DMRT1 Dysgenetic testis or ovotestis (L); AD
DMRT2 Haploinsufficiency 9p sex-determining gene leads to gonadal dysgenesis NA
FGFR2 46,XY sex reversal with craniosynostosis (L) AD, AR
FOXL2 Premature ovarian failure 3 (608996); blepharophimosis, epicanthus inve AD
and ptosis, type 1 and 2 (110100)
GATAA Testicular anomalies with or without congenital heart disease (615542) AD
MAP3K1 = 46XY sex reversal 6 (613762) AD
NROB1 46XY sex reversal 2, dosage-sensitive (300018) XL
NRSAD 46, XX sex reversal 4 (617480); 46XY sex reversal 3 (612965); prematur AD
ovarian failure 7 (612964)
rspol Palmoplantar hyperkeratosis and true hermaphroditism (610644); palmoy. AR
hyperkeratosis with squamous cell carcinoma of skin and sex reversal (6:
SOX9 Campomelic dysplasia with autosomal sex reversal (114290) AD
SOX3 46,XX testicular or ovotesticular DSD (L); 46,XX Sex Reversal 3 (300833 XL
SRY 46XX sex reversal 1 (400045); 46XY sex reversal 1 (400044) Y-linked
STAG3 Premature ovarian failure 8 (615723) AR
WNT4 Mullerian aplasia and hyperandrogenism (158330) AD
WT1 Denys-Drash syndrome (194080); Frasier syndrome(136680) AD
WWOX 46,XY gonadal dysgenesis (L) Y-linked
ZFPM2 46XY sex reversal 9 (616067) AD
Sexual differentiation genes
AKR1C2  46XY sex reversal 8 (614279) AR
AKR1C4  46XY sex reversal 8, modifier (614279) AR
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AVIH Persistent Mullerian duct syndrome, type |1 (261550) AR

AMHR2 Persistent Mullerian duct syndrome, type | (261550) AR
AR Androgen insensitivity (300068); Hypospadias 1, X-linked (300633) X-L
CYP17A1_ 17,20-lyase deficiency, isolated (202110) AR
CYP19A1 ~sAromatase deficiency (613546); aromatase excess syndrome (139300) AD

CYP21A2: vAdrenalihyperplasia, congenital, due to 21-hydroxylase deficiency (20191 AR

DHCRY Smith-Lemli-Opitz syndrome ( 270400) AR
FSHR Ovarian dysgenesis 1 ( 233300) AR
HSD11B1 “Cortisone reductase deficiency 2 (614662) AD
Continuing

HSD17B3" Pseudohermaphroditism, male, with gynecomastia (264300) AD
HSD3B2 = 3-beta-hydroxysteroid dehydrogenase, type I, deficiency (201810) AD

LHCGR Leydig cell hypoplasia with pseudohermaphroditism (238320); Leydig cel AR
hypoplasia with hypergonadotropic hypogonadism ( 238320)

Antley-Bixler syndrome with genital anomalies and disordered steroidoge

POR (202:750); Disordered steroidogenesis due to cytochrome P450 oxidoredt AR
(623571)

SRD5A2 ==Pseudovaginalperineoscrotal hypospadias (264600) AR

STAR Lipoid adrenal hyperplasia (201710) AR

Other (syndromic DSD, isolated hypospadias)

ARX Hydranencephaly with abnormal genitalia (300215) X-L

ATRX ATR-X syndrome with gonadal abnormalities (301040) X-LD/X-LR

CDH7 CHARGE syndrome (214800); hypogonadotropic hypogonadism with or AD
without anosmia (612370)

HNF1B Mayer-Rokitansky-Kuster-Hauser syndrome (L) AD

LHX1 Mayer-Rokitansky-Kuster-Hauser syndrome (L) AD

MAMLD1 “*HypospadiasX-linked (300758) XL

Candidate genes associated with human DSDs selected from the .
Gene ] . Inheritance
literature(L) and in OMIM (O) (n=20)
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AKR1C3 Testosterone production in the adrenal reticufhris NA
AXINL Whnt-beta-catenin signaling (O) NA
CITED2 An upstream regulator of NR5AL (1) NA
ESR1 Sex reversal in ESRA/ESRB knockout males (O) NA
ESR2 46,XY DSD candidate gene (i) AR;AD
FGF9 XY mice KO results in malés-female sex reversal (1 NA
GDF9 Ovarian development (£) NA
GSK3p Whnt-beta-catenin signaling (O) NA
LHX9 Gonadal formation in mouse model {L) NA
NANOS2 Expressed in adult and fetal testis (O) NA
NANOS3 Nanos3-null mice present reduced spermatogenesis (O) NA
PAPPA Expressed in ovarian follicles and in the seminal vesicles and fluic NA
PAX2 WT1 pathway (L)*® NA
PBX1 Miillerian development in the mouse () NA
PTDGS Required for testis formation (L) NA
RAC1 Formation of primordial follicles in mouse () NA
Continuing

RSPO2 Essential for primary follicle development (1) NA
STRAS Pre-meiotic DNA replication (L}® NA
TCF21 SRY pathway (L)’ NA
TES Testis-specific enhancer of Sox9 (L) NA

This article is protected by copyright. All rights reserved



Table 1 Phenotypes at First Evaluation of 46,XY PGD Female Gender Patients

Patient 1 2 3 4 5 6 72 g’ 9 10 11° 12 13°
I
Age (yr.) 1.2 3.7 9.4 11 12.3 16 18.9 19 27 31 30 38 43
EM score 2 4 1 4 5 NA NA 6 NA 3 6 3 NA
Clitoris/Phallus Previous  Previous Previous ) . Previous
) 25x1.0 3.0x0.9 3.0x0.9 6.0x2.0 3.0x1.0 5.5x1.7 4.1x1.0  Micropenis  0.8x1.0
size (cm) surgery  surgery surgery surgery
Perineal
] 2 1 2 2 2 2 1 1 2 1 1 1 2
openings
Gonads RG:labial RG:ING
_ ABD ABD ING LG:ING ABD Not found NA Notfounc Notfound Not founc ABD
location LGIABD LG:ABD
Mullerian
o Present Present Present Absent Present Present  Absent Absent NA Absent Present Absent Present
Derivatives
Age at
1.4 3.9 9.9 12 15.2 14 5 9 14 31 30 38 43
gonadectomy (yr.)
Gonadal ) ) ] ) ] RG:Dysgeneti RG: NGT
i Dysgenetic  Dysgenetic  Dysgenetic Dysgenetic Dysgenetic  NA NGT NGT NGT NGT NGT )
histology LGNGT LG:Dysgeneti
Basal T
2.6 0.97 4.07 14.4 10.3* NA NA <0.9f NA 1.2 1.0¢ <0.9f 11.2
(nmol/L)
T after
19.9° 11.7 NA NA NA NA NA NA NA 1.3 NA NA NA
hCG (nmol/L)
LH (1U/L) <1.0 NA 5.1 13 24 NA NA 23 NA 18 10 11 32
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FSH (IU/L) <0.6 NA 50 77 69 NA NA 62 NA 57 40 38 52

Affected MAP 3K1/ MAP 3K1/

- NR5A1 NR5A1 NR5AL - - - NR5A1L - - -
genes FGFR2 FGFR2

Abbreviations, PGD: partial gonadal dysgenesiA: not available; EM score: External masculinization score; RG: right gonad; LG: left gonad; ABD:
abdomipal; ING: mgunal; NGT: no gonadal tissue;

Notes: a ==Previous gonadectomy and genitoplasty in another hospital; incomplete data; b = Patients that changed from male to fesealarscial
underwent previous testosterone replacement; ¢ = Previous genitoplasty in another hospital; tRadioimmunoassay (RIA), normal male value: prepubertal age

<0.9nmol/L; /adults: 8.735.7nmol/L *Immunofluorometric assay (IFMA), normal male value: prepubertal age «¥th6BL; adults 9.433.5nmol/L;
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Table 2. Phenotypes at First Evaluation of 46,XY PGD Male Gender Patients and Impaired Testosterone Secretion

Patient 14 15 16 17 18 19 20° 212 22 23
Age (yr.) 1.9 2.0 7 7.4 9 14.9 16 27 34 47.9
EM score 4 7 6 7 6 6 NA NA 3 3
Phallus size (cm) 2.0x10 3.0x1.0 3.0x1.0 4.5X2.0 3.4x1.4 3.6X1.2 Previous Previous 5.0x1.2 8.5x3.0

surgery surgery

Phallus size (SD) -3.4 -2.3 -3.4 -1.7 -2.9 -6.1 NA NA -5.2 -3.0
Urethra location Perineal Perineal Topic Perineal Topic Topic NA NA Perineal Perineal
Gonad location ABD ABD Not found ABD Not found Not found Cryptorchidism NA Not found  Not found
Mullerian Derivatives Absent Absent Absent Absent Absent Present Present Present Present Present
Age at 979 and 10.5 25and 4.7 15 4 and 11 9.0 15 NA 1.7 34 48
gonadectomy (i)
Gonadal hystology Dysgenetic Dysgenetic Dysgenetic Dysgenetic NGT NGT NA Infantile testes NGT NGT
Basal T (nmol/L) 0.9f <0.9f NA <0.9f <0.9f <0.9t NA NA 2.6* 0.9*
T after hCG (nmol/L) 0.9f 2.9t NA <0.9f <0.9t NA NA NA 4.1* NA
LH (IU/L) NA NA NA NA NA 20 NA NA 10 16
FSH (IU/L) NA NA NA NA NA 41 NA NA 78 57
Affected genes - WT1 - - - - - - - -
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Abbreviations: PGD: partial gonadal dysgenesiA: not available; EM score: external masculinization score; ABD: abdominal; ING: inguinal NiGGT: n
gonadal tissue;

Notes: a=Previous gonadectomy and genitoplasty in another hospital; incomplete data; b=Patient that changed from female to male social sex

tRadioimimuneassay (RIA), normal male value: prepubertal age <@rfol/L; adults: 8.735.7nmol/L *Immunofluorometric assay (IFMA), normal neal
value: prepubertal age <0.6mol/L; adults 9.433.5nmoll/L;
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Table 3. Phenotypes at First Evaluation of 46,XY PGD Male Gender Patients and Preserved Testosterone Secretion

Patient 24 25 26 27 28 29% 30 31 32 33°
1
Age (years) Newborn 0.5 0.6 0.9 1.7 4.0 4.3 13 23 26
EM score 6 6 7.5 7.5 6 NA 4 5 4.5 5.5
Phallus size Previous
2.0x1:0 3.0x0.9 2.5x1.0 3.5X1.2 2.0x1.0 25X1.0 8.7X4.2 8.0x2.7 6.5x2.5
(cm) surgery
Phallus size
-3.75 -1.12 -2.25 -0.34 -3.3 NA -35 -2.8 -3.3 -4.3
(SD)
Urethra . ) _ ) ) _ ) ) _
) Penile Perineal Perineal Perineal Topic NA Perineal Perineal Perineal Perineal
location
Gonad RGrABD . RG: ING RG: ABD RG: ING RG: NA RG: ING RG: ING
) . Topic ) ABD ING .
Location LG topic LG: ABD LG: ING LG: not found LG: topic LG: ABD LG: topic
Mullerian
o Present Absent Present Present Absent Present Present Absent Present Present
Derivatives
Age at 23
8 NA 11 1.2 2 4 4 and 6 19 and 21 NA
gonadectomy (yr)
Bilateral RG:Dysgenetic
Gonadal ) ) LG: RG: ] ]
) NA NA LG: dysgenetic RG: dysgenetic ] . Dysgenetic gonadobastoma LG: mixed NA
histology dysgenetic dysgenetic o
RG: in situGCT GCT
Basal T
10.7f <0.9t <0.9% NA 2.6f 1.5 <2.97 18.5 14.6* 13.7
(nmol/L)
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T afterhCG

(nmoliL) NA 15.9¢ 6.2} 22.1f 7.3t 17.1% 6.61 21.4 NA 17.3
LH (IU/L) NA NA <0.6 <0.6 NA NA <1.0 13.3 34 10.8
FSH (IU/L) NA NA <1.0 <1.0 NA NA 3.0 39.6 75.5 20.7
Affected genes . NR5A1 SRY - - - - WT1 - NR5A1

Abbreviations, PGD: partial gonadal dysgenesis; NA: not available; EMS: external masculinization score; ABD: abdominal; NGT: no gonadal tissue; NA,
not available; GCT, germ cell tumor

Notes: a="Previous unilateral gonadectomy and genitoplasty perfomed in another hdisiitetient that changed from female to male social sex

tRadioimmunoassay (RIA), normal male value: prepubertal age <0.9 nmol/L; adults: 8.7-35.7 nmol/L *Immunofluorometric assay (IFMA), normal male
value: prepubertal age <0.65 nmol/L; adults-3315 nmol/L;

This article is protected by copyright. All rights reserved



Table 4. Phenotypes of 46,XY PGD Male Gender Patients and

Preserved Testosterone Secretion at Final Evaluation

Patient 25 2 27 2 33

Age (years) 17 17 17.6 21 28
Penile length (cm) 8.0x3.0 8.0x3.0 7.5x2.5 9.2x2.5 6.5x2.5
Z Phallus (SD) -3.3 -3.3 -3.6 -2.6 -4.3

Testis final size (cm) 4.5x2.5 6.7x2.1 4.0x2.5 4.3x2.0 6.5X2.5

Basal T* (nmol/L) 441 561 625 482 396
LH (IU/L) 5.6 14 11 11 10.8
FSH (IU/L) 3.7 26 25 24 20.7

Abbreviations. PGD: Partial gonadal dysgenesis
*Immunofluorometric assay (IFMA), normal male value:
prepubertal age <0.65 nmol/L; adults-88.5 nmol/L;
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Table 5: Deleterious Variants” Description and Testosterone Production at Puberty in Patients with 46,XY Partial Gonadal Dysgenesis

) ) ) Previous Variant
) T=secretion at ) Allelic Protein _ o ACMG
Patient Gene TranscriptiD g ) published/ Segregation in o
puberty Variant alteration ) Classification
Reference family members
) Likely
4 Preserved NR5AL NM_004959 €.T1073C p.Leu358Pro Yes/2 M: C with POI ]
Pathogenic
5 Preserved NR5A1 NM_004959 c.C633G p.Tyr211* Yes/2 M: AC; F:NA Pathogenic
Previous Yes/2 Likely
6 NR5AL NM_004%9 c.G77A p.Gly26Glu NA )
gonadectomy Pathogenic
10 Absent NR5A1 NM_004959 €.1058 1065del p.Glu353Ala fs*31 Yes/5 NA Pathogenic
25 Preserved NR5AL NM_004959 €.1183 1185del p.Glu395del Yes/2 NA Pathogenic
33 Preserved NR5A1 NM_004959 c.C741A p.Cys247* Yeg?2 NA Pathogenic
Likely
26 Preserved SRY NM_003140 c.G89T p.Arg30lle Yes23 F:AC ]
Pathogenic
Previous )
15 WT1 NM_024426 c. A742T p.Lys248* Yes/3 De novo Pathogenic
gonadectomy
31 Preserved WT1 NM_024426 IVS 9+4C>T Splice site change Yes/4 De novo Pathogeit
land3 Previous MAP 3K1 Likely
) NM_005921 c.T1916C p.Leu639Pro Novel M:AC; P:-WT )
(sisters) gonadectom§ and Pathogenic
land3 Previous Likely
) FGFR2 NM_000141 c.C1358T p.Ser453L eu Novel M:AC; P:-WT )
(sisters) gonadectom§ Pathogenic
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http://www.ensembl.org/Homo_sapiens/Transcript/Summary?db=core;g=ENSG00000066468;r=10:121478334-121598458;t=ENST00000358487

Abbreviations. M, mother; F, father; NA, not available; WT, wild type; C, carrier; POI, premature ovarian failure; AC, asymptomaiic carri

Notes: The references of the previously reported variants were included. The novel variants are highlighted#Alahe variants are in heterozygous

state and are absent in population dataleEs®&hese female social sex patients had preserved testosterone secretion at childhood and underwent bilateral
gonadectomy.

This article is protected by copyright. All rights reserved



fir=g

A6 2 PED I ’
=33 ‘1

Fatiepts who diz Aol drdesga zanadadenty at

ma uatizn ja=25]

Praguhartaiaga

‘ (r=14

§

Puaer sl gge ang

acuizhood jn=24£|
||
| —
Testesterone| Crmarnmiied Pragered
scerckion In=5} In=91
Filutsal lemale pemder kale
Fo o] (el Lo L] arpder
I 5 faoatenionmy =
FPatiznis wha diz not uncarsa biatars
grnaterkomy. uck puberdal age (p=21)
1
Epontansous Ahsene Mresond
pubarty fn=E} (r=1e
Biln L= al | lestcuariumoer Female ganosr
Foracesiomy Jir=2% =4
[n=3]) | Ganadaclunyg Soadeclamy |
Tessierans -
Bt aka: Comprrosed I'-"'q.:s.-:!;\::l
="l 1T1=31
Hinak evaluwallon ; - : :

cen_13717_f1.tiff

This article is protected by copyright. All rights reserved



