Mullerian Aplasia and Hyperandrogenism
(MONDO:0008019 / OMIM #158330): A
Comprehensive Disease Characterization
Report

Summary

Miillerian Aplasia and Hyperandrogenism (OMIM #158330; MONDO:0008019) is a rare
Mendelian, autosomal-dominant disorder caused by heterozygous loss-of-function
(missense) variants in WNT4 (1p36.12). In 46,XX women it produces a distinctive dyad:
congenital aplasia of the uterus and upper vagina (Millerian agenesis) combined with
clinical and biochemical androgen excess. It represents the "atypical,” hyperandrogenic
form of Mayer-Rokitansky-Kiuister-Hauser (MRKH) syndrome and is, to date, the only MRKH
subtype with an established single-gene (Mendelian) cause. The index description was a
landmark 2004 report of an 18-year-old 46,XX woman with primary amenorrhea, absent
Millerian derivatives, unilateral renal agenesis, and androgen excess, carrying a heterozygous
WNT4 loss-of-function allele (PMID: 15317892).

Mechanistically, WNT4 serves a dual developmental role in the female reproductive tract.
During embryogenesis it is required for formation of the Miillerian (paramesonephric)
duct; in the differentiating ovary it represses steroidogenic enzyme expression, thereby
suppressing ectopic androgen synthesis. Loss of WNT4 function therefore simultaneously
abolishes Miillerian-duct development and de-represses ovarian androgen biosynthesis
(via  re-expression of CYP17A1/17a-hydroxylase and  HSD3B2/3B-hydroxysteroid
dehydrogenase), explaining the coincidence of Millerian aplasia and hyperandrogenism in a
single gene defect. This mechanism is strongly supported by the Wnt4-null mouse, in which
females lack the Millerian duct, retain the Wolffian duct, and ectopically activate testosterone
biosynthesis — a phenotype the human disorder was described as "remarkably similar to"
(PMID: 9989404; PMID: 15317892).


https://pubmed.ncbi.nlm.nih.gov/15317892/
https://pubmed.ncbi.nlm.nih.gov/9989404/
https://pubmed.ncbi.nlm.nih.gov/15317892/
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The disorder is non-lethal, with the principal burden being absolute uterine-factor
infertility and substantial psychosocial impact (elevated anxiety/depression, impaired sexual
function). Management is symptomatic and multidisciplinary: non-surgical vaginal dilation
(first-line) or surgical neovagina creation, anti-androgen therapy for androgen excess, assisted
reproduction (IVF with gestational surrogacy, and increasingly uterine transplantation), and
psychological support. It must be carefully distinguished from the dominant disorder's
recessive, embryonic/perinatally lethal counterpart — SERKAL syndrome, caused by
biallelic (homozygous) WNT4 mutation, which features 46,XX female-to-male sex reversal
with renal, adrenal, and lung dysgenesis (PMID: 18179883).

1. Disease Information

Overview. Miillerian Aplasia and Hyperandrogenism is a congenital disorder of the female
reproductive tract in genotypic (46,XX) females, defined by the combination of Miullerian
aplasia (absence/hypoplasia of the uterus and upper vagina — "uterovaginal aplasia") and
hyperandrogenism (clinical signs such as hirsutism/acne and/or biochemical elevation of
androgens such as testosterone). It is nested within the broader MRKH / Miillerian agenesis
spectrum but is set apart by androgen excess and by its monogenic WNT4 etiology. Ovaries are
present and typically of normal size on imaging, but are the source of excess androgens;
secondary sexual characteristics are otherwise female. Patients characteristically present at
adolescence with primary amenorrhea and are found to have a 46,XX karyotype.

Key identifiers.

Resource Identifier

OMIM #158330 ("Miillerian aplasia and hyperandrogenism"; WNT4-related)
MONDO MONDO:0008019

Gene (HGNC) WNT4, HGNC:12783; locus 1p36.12; gene OMIM *603490

Orphanet Within the MRKH / Miillerian aplasia spectrum (atypical/hyperandrogenic form)
ICD-10 Q51.x (congenital malformations of uterus/cervix); vaginal agenesis Q52.x
ICD-11 LA14 (structural developmental anomalies of female genitalia)

MeSH 46,XX Disorders of Sex Development; Miillerian aplasia / Mullerian ducts


https://pubmed.ncbi.nlm.nih.gov/18179883/
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Synonyms / alternative names. Miillerian aplasia and hyperandrogenism; WNT4 deficiency;
atypical MRKH syndrome with hyperandrogenism; MRKH-like syndrome with Miillerian-duct
regression and virilization; WNT4 Miillerian aplasia. (Note: the classic, androgen-normal form
is "typical MRKH" and is genetically distinct — see §10.)

Source of information. The characterization derives predominantly from aggregated
disease-level resources (OMIM, review articles) and a small number of individual-patient
reports and small cohorts (the index case and subsequent WNT4-mutation-positive
adolescents), supplemented by model-organism (mouse) and in-vitro functional data. There
is no large EHR-derived cohort specific to the WNT4 hyperandrogenic form; EHR-based data
exist for the broader Millerian aplasia category (PMID: 39391975).

2. Etiology

Primary cause (genetic). The disorder is caused by heterozygous loss-of-function missense
variants in WNT4. The index patient carried p.Glu226Gly (p.E226G) (PMID: 15317892);
subsequently reported variants include p.Leul2Pro (p.L12P, exon 1; PMID: 18182450) and
p-Ala233Thr (p.A233T; PMID: 21377155). These are germline, dominant-acting alleles
producing a partial loss of WNT4 signalling.

Genetic risk factors. The causal variants themselves are the risk determinant; no additional
susceptibility loci or validated modifier genes have been established for the hyperandrogenic
WNT4 form. Within the broader MRKH spectrum, WNT4 is the only gene with mutations
definitively linked to an atypical (hyperandrogenic) phenotype: "The only known MRKH-
associated mutations are located within the WNT4 gene and lead to an atypical form of MRKH
syndrome associated with clinical and biochemical hyperandrogenism" (PMID: 24641817).

Environmental risk factors. None established as causal for the Mendelian WNT4 form. For
MRKH broadly, no reproducible environmental cause has been identified.

Protective factors. No genetic or environmental protective factors have been defined.
Mechanistically, retention of one functional WNT4 allele with sufficient residual signalling may
mitigate severity (variable expressivity; see §9), but this is inferred rather than demonstrated.

Gene-environment interactions. None documented. The phenotype is driven by the
monogenic lesion; environmental modulation of androgen expression has not been
characterized in this disorder.


https://pubmed.ncbi.nlm.nih.gov/39391975/
https://pubmed.ncbi.nlm.nih.gov/15317892/
https://pubmed.ncbi.nlm.nih.gov/18182450/
https://pubmed.ncbi.nlm.nih.gov/21377155/
https://pubmed.ncbi.nlm.nih.gov/24641817/
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3. Phenotypes

Phenotypes fall into two cardinal domains — structural (Miillerian aplasia) and endocrine
(hyperandrogenism) — plus extragenital features (chiefly renal).



Phenotype

Primary
amenorrhea

Aplasia/hypoplasia
of uterus

Vaginal aplasia
(absent upper
vagina)

Hyperandrogenism
(clinical)

Hirsutism

Acne (can be
severe)

Elevated serum
testosterone

Unilateral renal
agenesis

Follicle depletion /
ovarian
dysfunction

Type

Symptom/
sign

Physical
malformation

Physical
malformation

Clinical sign

Physical
manifestation

Physical
manifestation

Lab
abnormality

Physical
malformation

Lab/
structural

HPO suggestion

HP:0000786

HP:0000013
(Hypoplasia of the
uterus)

HP:0000148 (Vaginal
atresia)

HP:0000858
(Hyperandrogenism)

HP:0001007

HP:0001061

HP:0030348
(Increased
circulating
androgen level)

HP:0000122 /
HP:0000104

HP:0008222
(Decreased ovarian
reserve)

Onset

Adolescence
(presenting)

Congenital

Congenital

Peripubertal/
adult

Peripubertal/
adult

Peripubertal

Peripubertal/
adult

Congenital

Variable
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Frequency / notes

Near-universal
presenting feature

Defining; ranges
hypoplastic—absent

Defining

Defining of this
subtype

Variable

Present in index/
variant carriers;
acne overall less
frequent in MRKH
(24.6%)

e.g., 1.8 vs 1.2 nmol/
L in a carrier

In index case; renal
anomalies ~15.5%
in MRKH

Reported in L12P
carrier

Characteristics. - Age of onset: The structural defects are congenital; clinical recognition is

typically at adolescence when primary amenorrhea prompts evaluation. Hyperandrogenic

signs emerge peri-/post-pubertally. - Severity: Variable. Uterine involvement ranges from

hypoplasia to complete absence; androgen excess ranges from biochemical only to clinically

overt (severe acne, hirsutism). - Progression: The structural anomaly is stable (non-
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progressive); androgen-related manifestations are chronic and may be modulated by therapy.
- Frequency among affected: Miillerian aplasia and androgen excess are the defining,
essentially obligate features of this subtype; extragenital (renal) involvement is present in a
subset.

Quality-of-life impact. The dominant QoL burdens are infertility-related distress and
sexual dysfunction (dyspareunia, impaired arousal/lubrication/orgasm), plus psychological
morbidity. A systematic review of MRKH reported that "MRKH could be associated with a
higher prevalence of anxiety and depression symptoms and social insecurity compared with
women of a similar age without the condition,” and found impaired mental-health-related QoL
though physical-health-related QoL was not affected (PMID: 35455528). An EHR cohort found
anxiety/depressive disorders ~2x higher than male referents in Miillerian aplasia (PMID:
39391975).

4. Genetic / Molecular Information

Causal gene. WNT4 (Wnt family member 4), HGNC:12783, locus 1p36.12, gene OMIM *603490.
WNT4 is a secreted glycoprotein ligand of the Wnt signalling family.

Pathogenic variants (germline, heterozygous).

Variant .
. Exon Source Functional consequence
(protein)
p-E226G — Index case, PMID: 15317892 Loss-of-function
LoD exon PMID: 18182450; 1/28 MRKH T expression of HSD3B2 and
= 1 girls, absent in 100 controls CYP17A1 (de-repression)

Partial loss of repression; abnormal
p-A233T — PMID: 21377155 .
CYP17A1 re-expression

» Variant classification (ACMG/AMP): The recurrent/characterized missense alleles behave
as pathogenic/likely pathogenic on the strength of functional assays, segregation, and
absence in controls; unselected MRKH screening yields many variants of uncertain
significance, and the diagnostic yield of WNT4 in unselected MRKH is low (~1/28) (PMID:
18182450).

* Variant type/class: Missense (functional loss-of-function), not gross structural.


https://pubmed.ncbi.nlm.nih.gov/35455528/
https://pubmed.ncbi.nlm.nih.gov/39391975/
https://pubmed.ncbi.nlm.nih.gov/39391975/
https://pubmed.ncbi.nlm.nih.gov/15317892/
https://pubmed.ncbi.nlm.nih.gov/18182450/
https://pubmed.ncbi.nlm.nih.gov/21377155/
https://pubmed.ncbi.nlm.nih.gov/18182450/
https://pubmed.ncbi.nlm.nih.gov/18182450/
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* Allele frequency: Pathogenic alleles are private/rare, absent from control panels (e.g.,
absent in 100 controls for L12P) and population databases.

* Somatic vs germline: Germline.

» Functional consequence: Loss of function — reduced WNT4/B-catenin signalling. WNT4
loss downregulates WNT4-dependent inhibition of B-catenin degradation (PMID: 18179883),
and de-represses ovarian steroidogenic enzymes: "This mutant partially lacks the capability
to repress ovarian steroidogenic enzymes, with abnormal expression of 17a-hydroxylase”
(PMID: 21377155); and the L12P mutation "induces significantly increased expression of the
enzymes involved in androgen biosynthesis (3beta-hydroxysteroid dehydrogenase and
17alpha-hydroxylase)" (PMID: 18182450).

Modifier genes. None validated for this disorder. Pathway partners RSPO1 and FOXL2 are
mechanistically related (see §6) but are not established modifiers of the WNT4 phenotype.

Epigenetic information. No disease-specific epigenetic signature has been defined for
Miullerian aplasia and hyperandrogenism. (Of pathway interest, DNA methylation via DNMT1
regulates nephron progenitor renewal in kidney development — PMID: 30518531 — but this is
not a documented mechanism in this disorder.)

Chromosomal abnormalities. The hyperandrogenic WNT4 form is a point-mutation (single-
gene) disorder; it is not caused by aneuploidy or large rearrangements. (By contrast, portions
of the broader MRKH spectrum involve copy-number variants, e.g., 16p11.2 and 17q12 — not
specific to the WNT4 subtype.)

5. Environmental Information

* Environmental factors: None established as causal.

» Lifestyle factors: None established as causal; weight/obesity may modulate androgenic
phenotype expression generally but is not a defined cause here.

* Infectious agents: Not applicable — this is a genetic developmental disorder with no
infectious etiology.


https://pubmed.ncbi.nlm.nih.gov/18179883/
https://pubmed.ncbi.nlm.nih.gov/21377155/
https://pubmed.ncbi.nlm.nih.gov/18182450/
https://pubmed.ncbi.nlm.nih.gov/30518531/
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6. Mechanism / Pathophysiology

Ordered causal chain

1. A heterozygous loss-of-function missense variant in WNT4 (e.g., p.E226G, p.L12P,
p-A233T) reduces secreted WNT4 ligand activity.

2. Reduced WNT4 decreases WNT4-dependent inhibition of B-catenin degradation, which
lowers canonical Wnt/B-catenin signalling in the developing reproductive tract
(demonstrated in vitro — PMID: 18179883).

3. Branch A (structural): Loss of WNT4 signalling in the paramesonephric mesenchyme
prevents formation of the Miillerian (paramesonephric) duct, which results in uterine
and upper-vaginal aplasia (— primary amenorrhea, absolute uterine-factor infertility).
Demonstrated in mouse: "the Mullerian duct is absent while the Wolffian duct continues to
develop" (PMID: 9989404).

4. Branch B (endocrine): Loss of WNT4's repressive action in the differentiating ovary de-
represses ovarian steroidogenic enzymes — abnormal re-expression of CYP17A1 (17a-
hydroxylase) and increased HSD3B2 (3B-hydroxysteroid dehydrogenase) — which leads
to ectopic/elevated ovarian androgen (testosterone) biosynthesis (— hyperandrogenism,
hirsutism, acne). Demonstrated functionally in OVCAR3 cells for p.A233T (PMID: 21377155)
and for p.L12P (PMID: 18182450); in mouse, "Wnt-4 in the developing ovary appears to
suppress the development of Leydig cells; consequently, Wnt-4-mutant females ectopically
activate testosterone biosynthesis" (PMID: 9989404).

5. Branch C (renal, subset): Because WNT4 is also required in nephrogenesis (Wnt4-null
mutants fail to form nephron structures — PMID: 41358813), the lesion can result in renal
anomalies such as unilateral renal agenesis in a subset of patients (PMID: 15317892).

6. The convergence of Branches A + B in a 46,XX woman produces the clinical syndrome:
uterovaginal aplasia with androgen excess.

Detailed mechanism

Molecular pathways. WNT4 acts within the canonical Wnt/B-catenin pro-ovarian pathway
together with RSPO1 (R-spondin-1) and FOXL2, which collectively promote ovarian fate and
antagonize the male (SRY/SOX9) testis-determining program. "The male pathway is opposed by
the expression of two signals, WNT4 and R-SPONDIN-1 (RSPO1), that promote the ovarian fate
and block testis development. Both of these ligands can activate the canonical Wnt signaling
pathway" (PMID: 18617533). "Female sex-determining genes RSPO1, Wnt4/B-catenin and FoxI2,


https://pubmed.ncbi.nlm.nih.gov/18179883/
https://pubmed.ncbi.nlm.nih.gov/9989404/
https://pubmed.ncbi.nlm.nih.gov/21377155/
https://pubmed.ncbi.nlm.nih.gov/18182450/
https://pubmed.ncbi.nlm.nih.gov/9989404/
https://pubmed.ncbi.nlm.nih.gov/41358813/
https://pubmed.ncbi.nlm.nih.gov/15317892/
https://pubmed.ncbi.nlm.nih.gov/18617533/
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are involved in the formation of female genitalia and the maintenance of female ovarian
development" (PMID: 27481580). Ovarian somatic differentiation is regulated by FOXL2 and
the B-catenin pathway activated by Wnt4 and Rspol (PMID: 22251856). Suggested pathway/GO
terms: Wnt signaling pathway (GO0:0016055), canonical Wnt signaling pathway
(GO:0060070), female sex differentiation (G0:0046660), Miillerian duct development
(G0:0061205), negative regulation of steroid biosynthetic process (G0:0010894).

Cellular processes. Developmental patterning and lineage specification — Millerian duct
formation, ovarian somatic (pre-granulosa) differentiation, and suppression of ectopic
steroidogenic (Leydig-like) cell development. Loss leads to failure of duct morphogenesis
(Branch A) and inappropriate steroidogenic gene expression (Branch B).

Protein dysfunction. Missense WNT4 variants cause loss of function (reduced ligand
signalling), not aggregation or classic dominant-negative gain; the heterozygous dominant
phenotype reflects haploinsufficiency/partial loss sufficient to perturb dosage-sensitive
developmental and repressive functions.

Metabolic/biochemical abnormalities. The core biochemical defect is de-repression of
steroidogenic enzymes: CYP17A1 (17a-hydroxylase/17,20-lyase) and HSD3B2 (3B-HSD),
driving androgen (testosterone) overproduction (CHEBI: testosterone CHEBI:17347;
androgen CHEBI:50113).

Immune system / tissue damage. Not implicated — this is a developmental/endocrine
disorder, not inflammatory, fibrotic, or ischemic.

Molecular profiling. In-vitro transcriptional assays (OVCAR3, steroidogenic cell models)
demonstrate the enzyme de-repression; no large-scale transcriptomic/proteomic/metabolomic
atlas exists specific to this disorder.

Cell types (CL suggestions): ovarian granulosa cell (CL:0000501), theca/steroid-hormone-
secreting cell, Miullerian duct epithelial/mesenchymal cells, nephron progenitor cell (for renal
branch).

WNT4 LOF (het missense)
| 1+ canonical Wnt/B-catenin signalling

— Miillerian duct NOT formed — uterine + upper-vaginal aplasia — primary amenorrhe
I loss of ovarian repression — CYP17A1lt / HSD3B2t — tandrogens — hirsutism, acne
L— nephron defect (subset) —— renal agenesis/anomaly


https://pubmed.ncbi.nlm.nih.gov/27481580/
https://pubmed.ncbi.nlm.nih.gov/22251856/
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7. Anatomical Structures Affected

Organ level. - Primary: Uterus (UBERON:0000995) and upper vagina (UBERON:0000996) —
aplastic/hypoplastic. Ovaries (UBERON:0000992) are present but functionally abnormal
(androgen over-secreting). - Secondary / associated: Kidney (UBERON:0002113) — unilateral
renal agenesis in a subset. Skin/pilosebaceous unit secondarily affected by androgen excess
(hirsutism, acne). - Body systems: Reproductive/genitourinary (primary) and endocrine
(androgen axis); renal/urinary in a subset.

Tissue and cell level. Millerian-duct-derived epithelial and mesenchymal tissue (fails to
develop); ovarian somatic cells (granulosa/theca-steroidogenic lineage) exhibit aberrant
steroidogenesis. Suggested CL terms: granulosa cell (CL:0000501), steroidogenic/theca cell.

Subcellular level. Mitochondria and smooth endoplasmic reticulum (sites of
steroidogenesis — CYP17A1 resides in the ER); nucleus (transcriptional de-repression of
steroidogenic genes); plasma membrane/extracellular (WNT4 ligand secretion and receptor
signalling). GO cellular-component suggestions: extracellular space (GO:0005615), endoplasmic
reticulum membrane (GO:0005789).

Localization / lateralization. Uterovaginal aplasia is midline/bilateral (a single fused midline
structure fails to form). Renal agenesis, when present, is typically unilateral (PMID: 15317892).

8. Temporal Development

* Onset: Structural anomalies are congenital; clinical presentation is at adolescence
(primary amenorrhea, often ages 14-18). Onset pattern is insidious/chronic — the anomaly
is present from birth but detected when menarche fails.

* Progression: The anatomical defect is stable and non-progressive. Hyperandrogenism is
chronic, variable, and treatment-responsive. There are no formal disease "stages."

* Course / duration: Chronic, lifelong congenital condition.

* Patterns: No spontaneous remission of the structural defect; androgenic features can be
controlled (treatment-induced improvement). Critical periods: the vulnerable
developmental window is embryonic reproductive-tract morphogenesis (Miillerian duct
and ovarian differentiation); the therapeutic windows are adolescence/adulthood for
neovagina creation and fertility interventions.

10
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9. Inheritance and Population

Epidemiology. Precise prevalence of the WNT4 hyperandrogenic subtype is not established
(very rare; described in case reports and small cohorts). For context, MRKH overall affects
~1:4,500 women (PMID: 28434104) and is "the second most common cause of primary
amenorrhea, accounting for 10%-15% of cases" (PMID: 41636313). Hyperandrogenemia is
biochemically common across MRKH cohorts (60.1% in one series) but overt acne (24.6%) and
PCOS are relatively infrequent, and WNT4 mutations account for only the rare atypical,
genetically-defined subset (PMID: 24641817).

For genetic etiology. - Inheritance pattern: Autosomal dominant (heterozygous WNT4 LOF).
Contrast with the autosomal recessive biallelic-WNT4 disorder SERKAL (PMID: 18179883). -
Penetrance / expressivity: Variable expressivity; most reported variants arise as rare/
private alleles. Penetrance is presumed high for the structural defect in carriers described, but
formal estimates are lacking given the small number of families. - Genetic anticipation: Not
applicable (not a repeat-expansion disorder). - Germline mosaicism / founder effects /
consanguinity: Not documented for the dominant form. (Consanguinity is relevant to
recessive SERKALL.) - Carrier frequency: Pathogenic alleles are private/rare; no meaningful
population carrier frequency for the dominant disorder.

Population demographics. - Affected populations: Reported across multiple populations; no
established ethnic predilection for the WNT4 subtype. - Geographic distribution: No endemic
pattern (Mendelian, globally distributed). - Sex ratio: Affects 46,XX (phenotypic females) —
effectively female-only presentation given the reproductive-tract phenotype. - Age
distribution: Diagnosed predominantly in adolescence/young adulthood.

10. Diagnostics

Clinical tests. - Laboratory: Karyotype confirming 46,XX; serum androgens (testosterone —
elevated, e.g., 1.8 vs control 1.2 nmol/L in a carrier; also free testosterone, androstenedione,
DHEAS), gonadotropins (FSH/LH), estradiol, AMH (ovarian reserve); 17-hydroxyprogesterone
to screen for CAH. LOINC-codable panels for testosterone and gonadotropins. - Biomarkers:
Elevated circulating androgens are the key biochemical discriminator; WNT4 mutation is the
molecular biomarker. - Imaging: Pelvic ultrasound and MRI are the mainstay to document

11
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uterovaginal aplasia and confirm presence of ovaries (ultrasound and MRI are the main
diagnostic techniques — PMID: 28434104). Renal imaging to detect associated renal agenesis. -
Biopsy/pathology: Not routinely required for diagnosis.

Genetic testing. Recommended approach: confirm 46,XX karyotype, then targeted WNT4
sequencing (single-gene) or an MRKH/DSD gene panel; WES/WGS are useful for atypical/
syndromic cases or when panels are negative. Chromosomal microarray can detect CNVs
relevant to the broader MRKH spectrum (not the WNT4 point-mutation form). Yield of WNT4
in unselected MRKH is low (~1/28), so testing is highest-yield in hyperandrogenic MRKH
(PMID: 18182450).

Clinical criteria & differential diagnosis. Diagnosis rests on 46,XX uterovaginal aplasia plus

androgen excess. Key differentials:

Condition Karyotype Uterus Gonads Androgens Discriminator
WNT4 Miillerian Androgen
) Absent/ . .
aplasia + 46,XX . Ovaries High Mutated excess +
. hypoplastic
hyperandrogenism WNT4
Classic (typical) . . Normal
46,XX Absent Ovaries Normal Negative
MRKH androgens
CAIS (complete 46,XY, AR
androgen 46,XY Absent Testes ) — mutation, no
. e (resistance) )
insensitivity) ovaries
Skeletal/renal;
- WNT4
0
MURCS association 46,XX Absent Ovaries * excluded
causal
(PMID:
24356390)
Uterus
PCOS / androgen- . present;
. Ovaries/ ) o
secreting tumor / 46,XX Present High — distinct
adrenal )
CAH endocrine
profile

A MURCS patient with obesity and hyperandrogenism showed no exonic WNT4 mutation: "Our
finding excludes WNT4 gene as a candidate for MURCS association" (PMID: 24356390).

12
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Screening. No population newborn screening. Cascade genetic testing and genetic counseling
are appropriate for families with an identified WNT4 variant.

11. Outcome / Prognosis

* Survival / mortality: The dominant disorder is non-lethal with normal life expectancy; it
does not directly increase mortality. (This contrasts sharply with recessive SERKAL, which is
embryonic/perinatally lethal — PMID: 18179883.)

* Morbidity / function: Principal morbidities are absolute uterine-factor infertility, sexual
dysfunction from vaginal aplasia, androgen-excess manifestations (hirsutism, acne), and
psychosocial morbidity. MRKH systematic review: higher anxiety/depression and social
insecurity; impaired sexual function; mental- but not physical-health QoL affected (PMID:
35455528).

» Complications: Psychological distress; potential complications of neovaginal/surgical
interventions; renal sequelae if significant renal anomaly present.

* Recovery potential: The structural defect is not reversible, but functional outcomes are
good with vaginal dilation/vaginoplasty (satisfactory sexual function) and ART; androgen
excess is manageable pharmacologically.

* Prognostic factors: Degree of uterine/renal involvement, severity of androgen excess, and
access to multidisciplinary care and psychological support.

12. Treatment

Management is symptomatic, multidisciplinary, and individualized (NCIT: Supportive Care).

* Neovagina creation (first-line non-surgical): Vaginal dilation is the recommended initial
approach. "Several non-surgical and surgical procedures have been reported for the
creation of a functional neovagina; in general, non-surgical treatment should be the first
initially pursued" (PMID: 28434104). Systematic review: "vaginal dilation is a viable initial
treatment option for women with MRKH syndrome" (PMID: 37994266). NCIT: dilation
therapy.

13
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* Surgical vaginoplasty: Reserved for dilation failure/preference — e.g., Vecchietti (including
minimally invasive single-port laparoscopic), McIndoe, or bowel vaginoplasty; a modified
Vecchietti achieved a ~9 cm neovagina (PMID: 33461758). NCIT: vaginoplasty.

* Pharmacotherapy for hyperandrogenism: Anti-androgens (spironolactone, cyproterone
acetate) and combined estrogen—progestin or dermatologic therapy for hirsutism/acne;
hormone management as indicated. (Mechanism-directed at androgen excess arising from
CYP17A1/HSD3B2 de-repression.) NCIT: anti-androgen therapy.

» Fertility / ART: Ovaries are functional, enabling IVF with gestational surrogacy; uterine
transplantation is an emerging option restoring the possibility of gestation (PMID:
28434104); psychosocial outcomes of UTx candidacy are being characterized (PMID:
39388911; PMID: 39324432).

* Psychological support: Integral — counseling and mental-health support before/after
interventions (PMID: 28434104; PMID: 39280286).

* Advanced / experimental therapeutics: No gene, cell, RNA, or targeted molecular
therapies exist for this disorder; care is anatomic and endocrine.

* Pharmacogenomics: None established.

13. Prevention

* Primary prevention: Not possible for this congenital genetic disorder. Genetic counseling
for families with an identified WNT4 variant informs reproductive decision-making.

» Secondary prevention: Early recognition of primary amenorrhea with prompt imaging
and endocrine/genetic work-up enables timely intervention and psychological support.

 Tertiary prevention: Management of androgen excess, functional restoration (neovagina),
fertility planning, and mental-health care to prevent complications and improve QoL.

* Genetic screening: Cascade testing and, where a familial variant is known, options
including preimplantation/prenatal genetic testing can be discussed; carrier/
preconception counseling is relevant particularly to distinguish and avoid the recessive
SERKAL scenario in consanguineous unions.

* Immunization / public-health / environmental measures: Not applicable.
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14. Other Species / Natural Disease

» Taxonomy / orthologs: WNT4 is highly conserved; the mouse ortholog Wnt4 (NCBI Gene
22417) is the principal comparative model. Human WNT4 NCBI Gene 54361. Species: Homo
sapiens (NCBI:txid9606), Mus musculus (NCBI:txid10090).

» Natural disease in other species: No well-characterized spontaneous animal disease
catalogued as an exact ortholog of this syndrome; the knowledge base is engineered model
organisms rather than naturally occurring veterinary disease.

» Comparative biology: The Wnt4-null mouse closely mirrors the human disorder —
"Wnt-4-mutant females are masculinized-the Mullerian duct is absent while the Wolffian
duct continues to develop" (PMID: 9989404) — evidencing strong evolutionary
conservation of WNT4's role in Miillerian development and androgen repression.

* Transmission / zoonosis: Not applicable (non-infectious, genetic).

15. Model Organisms

* Model type: Mammalian — mouse (Mus musculus), principally the Wnt4 knockout
(null). In-vitro steroidogenic cell models (e.g., OVCAR3) are used for functional variant
assays.

* Genetic models: Constitutive Wnt4 knockout; pathway-related conditional p-catenin loss/
gain-of-function models inform downstream biology (e.g., B-catenin controls nephron
segmentation — PMID: 31685872).

* Phenotype recapitulation: High. The female Wnt4-null mouse reproduces the core
human features: absent Millerian duct (— uterovaginal aplasia), retained Wolffian duct,
virilization with ectopic ovarian testosterone synthesis (PMID: 9989404), and renal/
nephron defects (PMID: 41358813). The human disorder was described as "remarkably
similar to that of female Wnt4-knockout mice" (PMID: 15317892).

» Limitations: Homozygous null mice model complete loss (closer to recessive SERKAL
severity) whereas the human dominant disorder reflects partial/heterozygous loss; species
differences in ovarian steroidogenesis regulation and the human-specific psychosocial
dimension are not captured.

» Applications / resources: Dissecting WNT4 roles in Mullerian morphogenesis, ovarian
androgen repression, and nephrogenesis. Resources: MGI (Wnt4), IMPC/IMSR.
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Mechanistic Model / Interpretation (Synthesis)

The disorder is best understood as the consequence of partial loss of a single dosage-
sensitive developmental signal, WNT4, whose two independent functions in the female
gonad/tract are simultaneously disrupted. In normal development WNT4 (acting with RSPO1/
B-catenin and FOXL2) does two things that are both lost in patients: (1) it drives Miillerian-
duct formation, and (2) it keeps ovarian steroidogenic enzymes switched off. Removing
WNT4 therefore yields the otherwise paradoxical combination of a missing uterus and an
androgen-producing ovary in the same 46,XX individual — a phenotype difficult to explain by
any mechanism other than a shared upstream regulator. The convergence of human genetics
(recurrent LOF missense alleles), in-vitro enzyme de-repression (CYP17A1/HSD3B2), and a
faithful mouse knockout provides a rare, tightly-closed causal loop for a Mendelian
reproductive disorder.

The dosage axis is central to nosology: one defective allele — viable dominant Mullerian
aplasia + hyperandrogenism; two defective alleles — lethal recessive SERKAL (46,XX sex
reversal with renal/adrenal/lung dysgenesis). This gene-dosage spectrum should be
emphasized in any knowledge-base entry and in genetic counseling.

Dosage spectrum of WNT4 loss
0 LOF alleles - normal female development
1 LOF allele - Millerian aplasia + hyperandrogenism (OMIM 158330, AD, viable)
2 LOF alleles - SERKAL syndrome (AR, 46,XX sex reversal, lethal)
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PMID Role in this report Evidence type

Index case defining the disorder; heterozygous WNT4 LOF; o
15317892 L Human clinical
"remarkably similar" to Wnt4-null mouse

18182450 p-L12P variant; functional de-repression of HSD3B2 + CYP17A1; Human + in
low yield in unselected MRKH vitro

91377155 p-A233T variant; abnormal CYP17A1 re-expression in OVCAR3; Human + in
atypical MRKH cohort vitro

Wnt4-null mouse: Millerian absence + ectopic testosterone — .
9989404 i Model organism
defines dual mechanism

Human +
18179883 Biallelic WNT4 = SERKAL (AR, lethal); B-catenin degradation link .
mechanism

WNT4 = only MRKH-associated mutation — atypical o
24641817 ] . Human clinical
hyperandrogenic form; hyperandrogenemia 60.1%

MRKH review: ~1:4500; US/MRI diagnosis; management; WNT4 in .
28434104 . . Review
MRKH-like hyperandrogenism

Epidemiology: MRKH ~10-15% of primary amenorrhea; renal .
41636313 ] Human clinical
anomalies ~15.5%

18617533 WNT4/RSPO1 canonical Wnt ligands promote ovarian fate, block Model/
testis mechanism
RSPO1/Wnt4/B-catenin/FoxI2 in female genitalia & ovarian ]

27481580 Review

maintenance

22251856  Ovarian somatic differentiation via FOXL2 + Wnt4/Rspol B-catenin ~ Review

41358813  Wnt4-null mutants fail nephron formation (renal branch) Model organism
35455598 QoL: anxiety/depression, sexual dysfunction; mental not physical Systematic
QoL affected review
. A . . Systematic
37994266  Vaginal dilation viable first-line .
review
39391975  EHR cohort: ~2x anxiety/depression in Millerian aplasia Human/EHR
33461758  Modified Vecchietti vaginoplasty (~9 cm neovagina) Human clinical
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PMID Role in this report Evidence type
24356390  WNT4 excluded in MURCS — differential boundary Human clinical
31685872  B-catenin in nephron segmentation (pathway context) Model organism

Limitations and Knowledge Gaps

1. Very small human sample. The WNT4 hyperandrogenic subtype rests on a handful of
patients/variants (p.E226G, p.L12P, p.A233T). Penetrance, precise prevalence, and genotype—
phenotype correlation are not formally quantified.

2. ACMG classification uncertainty. Beyond the functionally validated alleles, WNT4
variants in MRKH are frequently VUS; the low diagnostic yield (~1/28 unselected MRKH)
limits clinical actionability outside hyperandrogenic presentations.

3. Mechanistic resolution. The CYP17A1/HSD3B2 de-repression is shown in cell lines; the
precise ovarian cell type and in-vivo human steroidogenic flux are incompletely defined. No
human transcriptomic/proteomic/metabolomic atlas of patient ovarian tissue exists.

4. Modifiers & epigenetics. No validated modifier genes or disease-specific epigenetic marks;
the basis of variable expressivity is unknown.

5. Model mismatch. The mouse null best models the recessive (SERKAL-like) severity; a

heterozygous/partial-LOF mouse recapitulating the human dominant syndrome is not well
established.

6. Disorder-specific QoL/outcome data are largely inferred from the broader MRKH
literature rather than the WNT4 subtype specifically.

Proposed Follow-up Experiments / Actions

1. Variant registry & functional reclassification. Assemble all reported WNT4 alleles in
hyperandrogenic MRKH, apply uniform steroidogenic de-repression assays (CYP17A1/
HSD3B2 reporter + androgen output), and reclassify under ACMG/AMP with PS3-level
functional evidence.
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2. Heterozygous/partial-LOF mouse or organoid models. Generate Wnt4 point-knock-in
(patient alleles) or hypomorphic alleles, and patient-iPSC-derived ovarian/Millerian
organoids, to model the dominant phenotype and quantify androgen output.

3. Single-cell transcriptomics of patient-derived (or model) ovarian somatic cells to pinpoint
the de-repressed steroidogenic cell population and map the WNT4-f-
catenin—steroidogenic-gene axis.

4. Targeted gene-panel strategy. Prospectively test WNT4 in hyperandrogenic MRKH
presentations (enriched yield) and correlate androgen biochemistry with genotype.

5. Prospective natural-history/QoL cohort specific to WNT4-confirmed patients, capturing
androgen trajectories, fertility outcomes (surrogacy/UTx), and validated QoL/psychological
measures.

6. Genetic-counseling protocol explicitly incorporating the dominant-vs-recessive (SERKAL)
dosage distinction, including preconception counseling in consanguineous families.

Evidence source legend: Human clinical (patient reports/cohorts), Model organism (mouse), In
vitro (cell-line functional assays), Review (secondary synthesis). All mechanistic and clinical
claims are cited to primary literature by PMID.

Generated by OpenScientist — Scientific Hypothesis Agent for Novel Discovery
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