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Summary

Clinical characteristics

McKusick-Kaufman syndrome (MKS) is characterized by the combination of postaxial polydactyly (PAP),
congenital heart disease (CHD), and hydrometrocolpos (HMC) in females and genital malformations in males
(most commonly hypospadias, cryptorchidism, and chordee). HMC in infants usually presents as a large cystic
abdominal mass arising out of the pelvis, caused by dilatation of the vagina and uterus as a result of the
accumulation of cervical secretions from maternal estrogen stimulation. HMC can be caused by failure of the
distal third of the vagina to develop (vaginal agenesis), a transverse vaginal membrane, or an imperforate hymen.
PAP is the presence of additional digits on the ulnar side of the hand and the fibular side of the foot. A variety of
congenital heart defects have been reported including atrioventricular canal, atrial septal defect, ventricular
septal defect, or a complex congenital heart malformation.

Diagnosis/testing

The clinical diagnosis of MKS can be established in a proband based on clinical diagnostic criteria of HMC and
PAP in the absence of clinical or molecular genetic findings suggestive of an alternative diagnosis. The molecular
diagnosis can be established in proband with suggestive findings and biallelic pathogenic variants in MKKS
identified by molecular genetic testing. However, care must be taken to ensure that the proband does not have
Bardet-Biedl syndrome, an allelic condition with considerable clinical overlap and age-dependent features
including retinal dystrophy, obesity, and intellectual disability.

Management

Treatment of manifestations: Surgical repair of the obstruction causing HMC and drainage of the accumulated
fluid. Treatment for polydactyly and congenital heart defects and any other anomalies is standard.

Surveillance: Watch for recurrent later complications of surgery for HMC; ongoing surveillance for
manifestations of BBS including growth and developmental assessments, ophthalmologic examination, and
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electroretinogram, renal anomaly complications and development of severe constipation (which raises the
possibility of Hirschsprung disease).

Agents/circumstances to avoid: Care with anesthesia in the neonatal period as severe HMC can cause
diaphragmatic compression.

Genetic counseling

MKS is inherited in an autosomal recessive manner. If both parents of an individual with MKS are known to be
heterozygous for an MKKS pathogenic variant, each sib of an affected individual has at conception a 25% chance
of being affected, a 50% chance of being an asymptomatic carrier, and a 25% chance of being unaftected and not
a carrier. (Note: Genetic counseling should encourage caution regarding premature diagnosis of MKS [i.e., a
diagnosis made before age 5 years] because of the possibility of manifestations of Bardet-Biedl syndrome
appearing at a later age.) Carrier testing for at-risk relatives, prenatal testing for pregnancies at increased risk,
and preimplantation genetic testing are possible if the MKKS pathogenic variants have been identified in the
family. Although HMC, PAP, and CHD can be detected by prenatal ultrasound examination, the reliability of
prenatal ultrasound as a method of prenatal diagnosis of MKS is unknown because these findings are variable
and may not be apparent in an individual until after birth.

Diagnosis

No consensus clinical diagnostic criteria for McKusick-Kaufman syndrome (MKS) have been published.

Suggestive Findings

Diagnosis of McKusick-Kaufman syndrome (MKS) should be suspected in individuals with the following
features.

In females

« Hydrometrocolpos (HMC) *
« Postaxial polydactyly (PAP) **
« Congenital heart disease (CHD)

In males

« Genital malformations (most commonly hypospadias, cryptorchidism, and chordee)
o PAP**
« CHD

In all

« Insufficient manifestations of overlapping syndromes, such as Bardet-Biedl syndrome (BBS) for a
diagnosis of this syndrome or another condition

o Family history typically consistent with autosomal recessive inheritance (e.g., affected sibs and/or parental
consanguinity and unaffected parents). Absence of a known family history does not preclude the
diagnosis.

* Hydrometrocolpos (HMC) in infants is dilatation of the vagina and uterus caused by the accumulation of
cervical secretions as a result of maternal estrogen stimulation. HMC can be caused by:

o Failure of the distal third of the vagina to develop (vaginal atresia or agenesis);
« A transverse vaginal membrane;
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 Imperforate hymen; in rare cases, HMC and polydactyly may be associated with an imperforate hymen,
but many individuals reported with these findings were described at young ages and it is thus not known if
the actual diagnosis was MKS or BBS.

HMC often presents at birth as a large, cystic abdominal mass arising out of the pelvis, which can be sufficiently
large to be clinically obvious and is verified using an ultrasound scan. The mass can be large enough to cause
intestinal obstruction, urinary outflow obstruction leading to dilatation of the ureter (hydroureter) and kidneys
(hydronephrosis), obstruction of the inferior vena cava, and/or elevation of the diaphragm resulting in breathing
difficulties.

** Postaxial polydactyly (PAP) is the presence of additional digits on the ulnar side of the hand and the fibular
side of the foot.

o The additional digit can be fully formed or can be a rudimentary skin tag (often called a "minimus").

o If clinical examination is insufficient, radiographs may be used to determine whether the polydactyly is
postaxial or mesoaxial (also known as insertional polydactyly); that is, the presence of an extra digit or
digits between the thumb and fifth finger. Mesoaxial polydactyly is much less common than postaxial
polydactyly.

Establishing the Diagnosis

The clinical diagnosis of McKusick-Kaufman syndrome (MKS) can be established in a proband based on clinical
diagnostic criteria of HMC and postaxial polydactyly in the absence of clinical or molecular genetic findings
suggestive of an alternative diagnosis in an individual age five years or older. Evidence of likely autosomal
recessive inheritance can be a supporting factor. A molecular diagnosis can be established in a proband with
suggestive findings and biallelic pathogenic (or likely pathogenic) variants in MKKS (also known as BBS6)
identified by molecular genetic testing (see Table 1).

Clinical Diagnosis

MKS was first described by McKusick in 1978 in the Amish population as a triad of HMC, postaxial polydactyly,
and congenital heart disease. For females without a family history and who are not part of the Amish
population, HMC with distal vaginal agenesis or a transverse vaginal membrane and postaxial polydactyly have
been considered sufficient for a clinical diagnosis MKS [Slavotinek & Biesecker 2000, Schaefer et al 2011,
Mallmann et al 2019]. As HMC and polydactyly typically present in the newborn period, the diagnosis of MKS
is usually made at birth. However, discrimination between MKS and BBS in the neonatal period is challenging,
as the age-dependent features of BBS (including retinal dystrophy, obesity, and intellectual disability) have not
developed [Slavotinek & Biesecker 2000]. The clinical diagnosis of MKS is thus not confirmed until the
individual has reached age five years without fulfilling the diagnostic criteria for BBS, or manifesting additional
findings of an alternative diagnosis. In addition, MKS is relatively rare compared to BBS outside the Amish
population.

Molecular Diagnosis

The molecular diagnosis of MKS is established in a proband with suggestive findings and biallelic pathogenic
(or likely pathogenic) variants in MKKS identified by molecular genetic testing (see Table 1).

Note: (1) Per ACMG/AMP variant interpretation guidelines, the terms "pathogenic variant" and "likely
pathogenic variant" are synonymous in a clinical setting, meaning that both are considered diagnostic and can
be used for clinical decision making [Richards et al 2015]. Reference to "pathogenic variants" in this GeneReview
is understood to include likely pathogenic variants. (2) Identification of biallelic MKKS variants of uncertain
significance (or identification of one known MKKS pathogenic variant and one MKKS variant of uncertain
significance) does not establish or rule out the diagnosis.
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Because the phenotype of MKS is indistinguishable from BBS through early childhood, recommended molecular
genetic testing approaches include use of a multigene panel or comprehensive genomic testing.

Note: Single-gene testing (sequence analysis of MKKS, followed by gene-targeted deletion/duplication analysis)
is rarely useful and typically NOT recommended.

« A multigene panel that includes MKKS and other genes of interest, including the genes for BBS (see
Differential Diagnosis) is likely to identify the genetic cause of the condition while limiting identification
of variants of uncertain significance and pathogenic variants in genes that do not explain the underlying
phenotype. Note: (1) The genes included in the panel and the diagnostic sensitivity of the testing used for
each gene vary by laboratory and are likely to change over time. (2) Some multigene panels may include
genes not associated with the condition discussed in this GeneReview. (3) In some laboratories, panel
options may include a custom laboratory-designed panel and/or custom phenotype-focused exome
analysis that includes genes specified by the clinician. (4) Methods used in a panel may include sequence
analysis, deletion/duplication analysis, and/or other non-sequencing-based tests.

For an introduction to multigene panels click here. More detailed information for clinicians ordering
genetic tests can be found here.

» Comprehensive genomic testing does not require the clinician to determine which gene is likely involved.
Exome sequencing is most commonly used; genome sequencing is also possible.

For an introduction to comprehensive genomic testing click here. More detailed information for clinicians
ordering genomic testing can be found here.

Table 1. Molecular Genetic Testing Used in McKusick-Kaufman Syndrome (MKS)

Proportion of Pathogenic Variants 2

1
Gene Method Detectable by Method

Sequence analysis 3 ~100% 4

MKKS Gene-targeted deletion/duplication

. None reported 4
analysis > P

1. See Table A. Genes and Databases for chromosome locus and protein.

2. See Molecular Genetics for information on variants detected in this gene.

3. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants
may include small intragenic deletions/insertions and missense, nonsense, and splice site variants; typically, exon or whole-gene
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.

4. Data derived from the subscription-based professional view of Human Gene Mutation Database [Stenson et al 2020]

5. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted
microarray designed to detect single-exon deletions or duplications.

6. No data on detection rate of gene-targeted deletion/duplication analysis are available.

Clinical Characteristics

Clinical Description

McKusick-Kaufman syndrome (MKS), defined as hydrometrocolpos (HMC) and postaxial polydactyly (PAP)
without the development of the age-dependent features of BBS, was first diagnosed in a large Amish family
[Stone et al 1998]. Although the MKS phenotype is very rare, it has been presumed to be pan ethnic following
descriptions of HMC in association with polydactyly in numerous ancestries. In the Amish population, variable
expressivity for MKS has been described: 70% of affected females have HMC, 60% of aftected individuals of both
sexes have PAP, and 15% of affected individuals of both sexes have congenital heart disease (CHD) [Slavotinek &
Biesecker 2000]. Of note, many individuals with HMC and PAP diagnosed as having MKS have been reported at
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an age too young to manifest the age-dependent features of BBS [Mallmann et al 2019]. The true incidence of
physical findings associated with the MKS phenotype alone is therefore unknown.

Table 2 shows the most frequent associated features in 49 individuals of Amish and non-Amish ethnicity who
were diagnosed with MKS; 75% were diagnosed at birth and 98% by age six months [Slavotinek & Biesecker
2000]. Of these individuals, 44 were female and five were male. No similar large studies have been realized more
recently and the majority of recent case reports have comprised single individuals with HMC reported in the
first year of life [Adam et al 2017, Halim et al 2018]. The degree of similarity of the phenotype between the
Amish and non-Amish population is unclear and has not been systematically studied; in addition, it is not
known if these individuals would have developed manifestations of BBS as they aged.

The incidence of genital findings in males has also been difficult to establish outside the Amish population due to
the rarity of the condition, but in 11 males who had affected sisters or other female relatives diagnosed with
MKS, polydactyly was present in all cases and only one had genital abnormalities comprising cryptorchidism
and hypospadias [Chitayat et al 1987]; however, the incidence of BBS among these individuals is not known.

Table 2. Phenotypic Features of Individuals with McKusick-Kaufman Syndrome (MKS)

Finding # of Individuals (%)
HMC 42/44 (95%)
Vaginal agenesis 26/44 (59%)
Genitourinary Urogenital sinus 16/44 (36%)
malformations Ectopic urethra 8/44 (18%)
in females No urethral opening 6/44 (14%)
No vaginal opening 4/44 (9%)
Genitourinary tract fistulae 6/44 (14%)
Hands only 12/42 (29%)
PAP - limbs Feet only 6/42 (14%)
affected Hands & feet ! 11/42 (26%)
Four-limb polydactyly ! 11/42 (26%)
Syndactyly 12/49 (24%)
Metacarpal/tarsal anomalies 8/49 (16%)
Postaxial minimus 6/49 (12%)
;)l:(l:;:a?iiégsital Brachydactyly 3/49 (6%)
Absent phalanges 2/49 (4%)
Interstitial polydactyly 0/48 (0%)
Heptadactyly 2/48 (4%)
s e Crtovs s 149
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Table 2. continued from previous page.

Finding # of Individuals (%)
Hydronephrosis 31/49 (63%)
Hydroureter 12/49 (24%)
Renal cysts 2/49 (4%)
Renal Calyceal dilatation 7149 (14%)
anomalies
ppopts s 219 49
Corticomedullary dysplasia 3 3/46 (6%)
Nonfunctioning kidney 2/49 (4%)
Imperforate anus 4/49 (8%)
GI malformations Anal atresia 1/49 (2%)
Hirschsprung disease 6/49 (12%)
Anteriorly placed anus 2/49 (4%)

From Slavotinek & Biesecker [2000]

GI = gastrointestinal; PAP = postaxial polydactyly

1. Four-limb polydactyly involves both hands and both feet; polydactyly of the hands and feet means that both upper and lower limbs
are affected, but not every limb.

2. Renal dysplasia is a histologic diagnosis that describes abnormal differentiation of the renal parenchyma.

3. Corticomedullary dysplasia is abnormal differentiation of both the cortex and the medulla of the kidney. If focal, renal function may
be preserved; if bilateral and extensive, renal failure can result.

Cardiovascular Malformations

Congenital heart defects comprising: atrioventricular canal defect; atrial septal defect; ventricular septal defect;
complex congenital heart disease with an atrioventricular canal defect, small aorta, and hypoplastic left ventricle;
tetralogy of Fallot; and a patent ductus arteriosus have been reported in individuals with an MKS phenotype
[Slavotinek & Biesecker 2000, Tsai et al 2014].

Renal Anomalies and Gl Malformations

Although both renal anomalies and GI malformations have been identified in those with a clinical diagnosis of
MKS, not all of these individuals have had molecular genetic testing nor were they followed to an age in which
an eye exam could exclude the diagnosis of BBS. Since these physical findings are more common in those with a
molecularly confirmed diagnosis of BBS, they should prompt screening for other clinical manifestations of BBS
or molecular genetic testing for BBS.

Other Findings Associated with MKS

Development. Developmental delay was present in 3/37 individuals (14%) in one study [Slavotinek & Biesecker
2000], but this figure may have been influenced by the inclusion of individuals who later developed
manifestations typical of BBS.

Gynecologic issues. Fertility has been described; one female age 16 years gave birth to a healthy son [Cohen &
Javitt 1998]. However, molecular genetic testing was not reported in this individual. Fertility is likely dependent
on the extent of the genitourinary malformations, but has not been systematically studied.

Prognosis. Studies on life span have not been performed on individuals with MKS, but life span is not known to
be reduced apart from the morbidity and mortality that can be associated with HMC [Mallmann et al 2019] and
congenital heart disease.
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Genotype-Phenotype Correlations
No genotype-phenotype correlations for MKKS have been identified.

Penetrance

Non-penetrance has been estimated to occur in at least 9% of affected Amish males and 3% of affected Amish
females [Stone et al 1998].

Determination of penetrance in the non-Amish population has not yet been possible due to the rarity of the
syndrome.

Nomenclature
MKS was first described as HMC and PAP in the Amish population.

Prevalence

More than 100 individuals with the MKS phenotype from different ethnic groups have been reported. The
majority were reported at birth or in the neonatal period because of HMC; thus, BBS was frequently not
excluded. The true prevalence of MKS is unknown, and the incidence of MKS has not been estimated in the
non-Amish population.

Stone et al [2000] estimated a heterozygote frequency of 1%-3% for MKS in the Amish population or an
incidence of approximately 1:10,000 [Scott et al. 2017].

Genetically Related (Allelic) Disorders

Bardet-Biedl syndrome (BBS). A substantial and prognostically significant clinical overlap between MKS and
BBS has long been noted. The close relationship between BBS and MKS has been further complicated by the
demonstration of disease-causing sequence alterations in MKKS in both MKS and in an estimated 6% of
unselected individuals with BBS. See Bardet-Biedl Syndrome Overview.

It therefore becomes pertinent to consider whether MKS should continue to remain a separate entity or
henceforth be considered as belonging to the wider phenotypic spectrum that includes BBS (see Differential
Diagnosis). However, as retinal disease, obesity, and developmental disabilities have classically been absent in
MKS, there is support for a distinct clinical entity. In addition, cardiovascular and genital anomalies may be
more frequently associated with variants in MKKS compared to other BBS genes (see BBS Overview). In support
of continued consideration of a phenotypic separation, studies in zebrafish have shown that BBS6 is actively
transported between the cytoplasm and the cell nucleus, and this interaction is perturbed in MKS, but not in
BBS [Scott et al 2017].

Retinitis pigmentosa (RP) and polydactyly without other findings of BBS or MKS. A female age 13 years and
her brother age 18 years were reported to have retinitis pigmentosa (RP) and four-limb postaxial polydactyly
with a homozygous pathogenic variant in MKKS [Hulleman et al 2016]. There were no additional clinical
findings suggestive of MKS or BBS, although the older sib was described as having poor scholastic performance
[Hulleman et al 2016]. Similarly, a family with four-limb polydactyly and RP, but without other manifestations of
MKS or BBS, was found to harbor a homozygous pathogenic variant in MKKS that segregated with the disease
in three affected individuals [Goyal et al 2020].
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Differential Diagnosis

Bardet-Biedl syndrome (BBS) is a multisystem non-motile ciliopathy primarily characterized by retinal rod-
cone dystrophy, truncal obesity and related complications, postaxial polydactyly, cognitive impairment,
hypogonadotropic hypogonadism and/or genitourinary malformations, and renal malformations and/or renal
parenchymal disease (for overview, see Bardet-Biedl Syndrome Overview). Overlap with MKS occurs due to the
finding of HMC (in females), genital malformations in males, and postaxial polydactyly and congenital heart
disease in both conditions.

At least 26 genes are known to be associated with BBS. Pathogenic variants in MKKS (see Genetically Related
Disorders) account for an estimated 6.3% of all BBS (see BBS Overview).

The genital malformations associated with MKS, including HMC, vaginal atresia, and cryptorchidism, have also
been associated with BBS-related genes including BBS2, BBS6, BBS10, and BBS12, suggesting that these features
are not MKKS/BBS6 specific [Deveault et al 2011, Schaefer et al 2011].

Note: Although several reports have described BBS phenotypes with three pathogenic variants and at least one
variant involving the MKKS locus [Hjortshej et al 2010], triallelic inheritance has been refuted in other studies
and is not currently considered a typical inheritance pattern for either MKS or BBS [Abu-Safieh et al 2012].

Table 3 illustrates the phenotypic overlap between MKS and BBS [Schaefer et al 2011] (+ = major feature; + =
minor feature).

Table 3. Phenotypic Overlap Between McKusick-Kaufman Syndrome and Bardet-Biedl Syndrome

Clinical Feature MKS BBS
Hydrometrocolpos in females + +
Congenital heart disease + +
Polydactyly + +
Retinitis pigmentosa +
Obesity +
Renal anomalies +
Developmental disabilities +

+ = major feature; + = minor feature
BBS = Bardet-Biedl syndrome; MKS = McKusick-Kaufman syndrome

Other Disorders with Overlapping Clinical Features
Hydrometrocolpos and postaxial polydactyly (PAP)

o Ellis-van Creveld syndrome (EVC). Cardinal phenotypic features of EVC comprise chondrodysplasia
with acromelic growth restriction, polydactyly, ectodermal dysplasia with dystrophy of the nails, and
congenital heart disease [Ruiz-Perez et al 2000, Ruiz-Perez et al 2003]. Although individuals reported as
having HMC and PAP have had clinical features consistent with EVC [Digilio et al 2004], genetic testing
should differentiate these conditions. EVC is an autosomal recessive disorder known to be associated with
pathogenic variants in EVC or EVC2.

« A woman age 19 years with lack of miillerian fusion, vaginal agenesis, a unicornuate uterus, postaxial
polydactyly, brachydactyly, and tetralogy of Fallot had normal development, normal weight, and no
evidence of retinal dystrophy. No MKKS sequence variants were identified by sequence analysis; thus, it is
unknown if the individual has a variant form of MKS or a new syndrome [Slavotinek et al 2004].


https://www.ncbi.nlm.nih.gov/books/n/gene/bbs/
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o Pallister-Hall syndrome (PHS). Overlap of MKS with PHS has been described due to HMC and postaxial
polydactyly [Kos et al 2008]. PHS is characterized by a spectrum of anomalies ranging from polydactyly,
asymptomatic bifid epiglottis, and hypothalamic hamartoma at the mild end to laryngotracheal cleft with
neonatal lethality at the severe end. Individuals with mild PHS may be incorrectly diagnosed as having
isolated postaxial polydactyly type A. Individuals with PHS can have pituitary insufficiency and may die as
neonates from undiagnosed adrenal insufficiency. PHS is caused by pathogenic variants in GLI3 and is
inherited in an autosomal dominant manner.

Hydrometrocolpos with preaxial polydactyly. HMC has also been reported in one case in association with
preaxial, "mirror" polydactyly [Traisrisilp et al 2021], but genetic testing in this individual did not confirm either
MKS or BBS.

HMC can be a feature of several malformation syndromes (see Mallmann et al [2019]) including:

» Mayer-Rokitansky-Kiister-Hauser syndrome

 Herlyn-Werner-Wunderlich syndrome

« Intraabdominal teratoma

« VACTERL association. VACTERL is an acronym for an association of physical findings that comprises
vertebral anomalies, anal atresia, cardiac malformations, fracheoesophageal fistula, renal abnormalities,
and [imb anomalies including hexadactyly (OMIM 192350).

o Trichorhinophalangeal syndrome. HMC is a rare finding in trichorhinophalangeal syndrome II (Langer-
Giedion syndrome) [Schinzel et al 2013].

Vaginal agenesis. Rarely, vaginal agenesis can be described with chromosome aberrations (e.g., see Anant et al
[2020]).

Management
No clinical practice guidelines for MKS have been published.

Evaluations Following Initial Diagnosis

To establish the extent of disease and needs in an individual diagnosed with McKusick-Kaufman syndrome
(MKS), the evaluations summarized in Table 4 (if not performed as part of the evaluation that led to the
diagnosis) are recommended.

Table 4. Recommended Evaluations Following Initial Diagnosis in Individuals with McKusick-Kaufman Syndrome (MKS)

System/Concern Evaluation Comment

Genitourinary ) In females; in males, inspection of the genitalia should be
. Pelvic ultrasound
malformations performed.

Polydactyly &  Skeletal radiographs to detect osseous polydactyly &

syndactyly syndactyly Provide referral to surgical specialist as needed.

Cardiac

malformation Echocardiogram Specialist referral as appropriate


https://www.ncbi.nlm.nih.gov/books/n/gene/phs/
https://omim.org/entry/192350
https://www.ncbi.nlm.nih.gov/books/n/gene/tps/
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Table 4. continued from previous page.

System/Concern

Possible Bardet-
Biedl syndrome
(BBS) 2

Genetic
counseling

Evaluation

Assessment of height, weight, & head circumference
& initiation of a carefully maintained growth chart to
document obesity

Determination of developmental status by standard
screening tools to detect DD

Ophthalmologic exam & ERG to evaluate for
manifestations of retinal dystrophy

Renal ultrasound

Rectal biopsy in those w/severe constipation to
exclude Hirschsprung disease

By genetics professionals !

GeneReviews®

Comment

If obesity or short stature present, this may indicate a
diagnosis of BBS

If present, this may indicate a diagnosis of BBS.

Specialist referral to ophthalmologist for monitoring is
frequently recommended.

To detect pelvicalyceal abnormalities, renal hypoplasia, or
cystic dysplasia of the kidneys

To inform affected persons & families re nature, MOI, &
implications of MKS to facilitate medical & personal
decision making

DD = developmental delay; ERG = electroretinogram; MOI = mode of inheritance
1. Medical geneticist, certified genetic counselor, certified advanced genetic nurse
2. A subset of those with a diagnosis of MKS as infants may with age develop findings that lead to a revised diagnosis of BBS.

Treatment of Manifestations

Table 5. Treatment of Manifestations in Individuals with McKusick-Kaufman Syndrome (MKS)

Manifestation/Concern Treatment

Hydrometrocolpos

accumulated fluid

Polydactyly & syndactyly

Congenital heart defects

Renal anomalies

Standard treatment

Anal anomalies & Hirschsprung disease

Surveillance

Considerations/Other

Prompt surgical repair of obstruction & drainage of Hydrometrocolpos can also present

after neonatal period.

Table 6. Recommended Surveillance for Individuals with McKusick-Kaufman Syndrome (MKS)

System/Concern

Hydrometrocolpos

Evaluation

Frequency

Watch for later complications of surgery for HMC, incl recurrent  No monitoring; prompt eval of symptoms &
urinary tract infections & re-stenosis & infection of vaginal tract. ~ signs of abdominal distention
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Table 6. continued from previous page.
System/Concern  Evaluation Frequency

Serial growth measurement to track height & weight to document

obesity that can occur w/BBS
Annually until at least age 5 yrs
Developmental assessments to detect developmental disabilities

that can occur w/BBS

Possible Bardet-l Regular ophthalmologic exam & ERG (if appropriate) to evaluate

g;;dsl)syndrome for visual signs & symptoms of RP Annually after age 5 yrs
If renal anomaly present, monitor renal function & blood Frequency of follow up of renal anomalies
pressure. per specialist

Monitor for development of severe constipation w/referral for

rectal biopsy to exclude Hirschsprung disease. Review at well child health exams

ERG = electroretinogram; RP = retinitis pigmentosa
1. A subset of those with a diagnosis of MKS as infants may with age develop findings that lead to revision of the diagnosis to BBS.

Agents/Circumstances to Avoid

In the newborn with severe HMC, care with anesthesia in the neonatal period is appropriate, as HMC can cause
diaphragmatic compression [Tekin et al 2003].

Evaluation of Relatives at Risk

It is appropriate to evaluate the older and younger sibs of a proband in order to identify as early as possible those
who would benefit from initiation of treatment and preventive measures.

o If the pathogenic variants in the family are known, molecular genetic testing can be used to clarify the
genetic status of at-risk sibs.
o If the pathogenic variants in the family are not known:

o Sisters of females with MKS. Examination of the external genitalia for vaginal membranes or an
imperforate vagina, and of the hands and feet for polydactyly; echocardiogram for the congenital
heart defects associated with MKS

o Brothers of affected females. Examination of the external genitalia for hypospadias,
cryptorchidism, and chordee; and of the hands and feet for polydactyly; echocardiogram for cardiac
manifestations of MKS

See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Therapies Under Investigation

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on
clinical studies for a wide range of diseases and conditions.

Genetic Counseling

Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to
substitute for consultation with a genetics professional. —ED.


https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
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Mode of Inheritance

McKusick-Kaufman syndrome (MKY) is inherited in an autosomal recessive manner.

Risk to Family Members
Parents of a proband

o The parents of an affected individual are obligate heterozygotes (i.e., presumed to be carriers of one MKKS
pathogenic variant based on family history).

o Ifa molecular diagnosis has been established in the proband, molecular genetic testing of the parents is
recommended to confirm that both parents are heterozygous for an MKKS pathogenic variant and to
allow reliable recurrence risk assessment. (In rare families, only one parent of a proband with an
autosomal recessive disorder is heterozygous and the proband is affected as the result of either (1) one
pathogenic variant inherited from the heterozygous parent and a second pathogenic variant that occurred
de novo in the proband or (2) uniparental isodisomy and consequent homozygosity for the pathogenic
variant transmitted by a heterozygous parent [Jonsson et al 2017].)

» Heterozygotes (carriers) are asymptomatic and are not at risk of developing the disorder.

Sibs of a proband

o If both parents of an individual with MKS are known to be heterozygous for an MKKS pathogenic variant,
each sib of an affected individual has at conception a 25% chance of being affected, a 50% chance of being
an asymptomatic carrier, and a 25% chance of being unaffected and not a carrier.

o Intrafamilial clinical variability has been observed in sibs with biallelic pathogenic MKKS variants
[Manara et al 2019].

» Heterozygotes (carriers) are asymptomatic and are not at risk of developing the disorder.

Offspring of a proband

« The offspring of an individual with MKS are obligate heterozygotes (carriers) for a pathogenic variant in
MKKS.

o The heterozygote frequency of MKS in the Amish population is estimated to be 1%-3% (see Prevalence),
increasing the risk that an affected individual may have a reproductive partner who is heterozygous for the
specific MKKS variant allele found in the Amish population (see Molecular Pathogenesis). The offspring
of an affected individual and a heterozygous reproductive partner are at 50% risk of being affected and
50% risk of being heterozygous.

Other family members. Each sib of the proband's parents is at a 50% risk of being a carrier of an MKKS
pathogenic variant.
Carrier Detection

Carrier testing for at-risk relatives requires prior identification of the MKKS pathogenic variants in the family.

Related Genetic Counseling Issues

See Management, Evaluation of Relatives at Risk for information on evaluating at-risk relatives for the purpose
of early diagnosis and treatment.

MKS vs Bardet-Biedl syndrome. Genetic counseling should encourage caution regarding premature diagnosis
of MKS (i.e., a diagnosis made before age 5 years) because of the possibility of manifestations of Bardet-Biedl
syndrome appearing at a later age.


https://www.ncbi.nlm.nih.gov/books/n/gene/bbs/
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Family planning

 The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.

o Itis appropriate to offer genetic counseling (including discussion of potential risks to offspring and
reproductive options) to young adults who are affected, are carriers, or are at risk of being carriers.

DNA banking. Because it is likely that testing methodology and our understanding of genes, pathogenic
mechanisms, and diseases will improve in the future, consideration should be given to banking DNA from
probands in whom a molecular diagnosis has not been confirmed (i.e., the causative pathogenic mechanism is
unknown). For more information, see Huang et al [2022].

Prenatal Testing and Preimplantation Genetic Testing

Molecular genetic testing. Once the MKKS pathogenic variants have been identified in an affected family
member, prenatal and preimplantation genetic testing for MKS are possible.

Ultrasound examination. The manifestations of MKS, including hydrometrocolpos (HMC), postaxial
polydactyly (PAP), and congenital heart disease, can be detected by prenatal ultrasound examination. If present,
these findings may not be identified until late second trimester or third trimester, or may not be apparent until
after birth. Given the variability in findings of MKS, the reliability of prenatal ultrasound as a method of
diagnosing MKS is unknown.

Differences in perspective may exist among medical professionals and within families regarding the use of
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion
of these issues may be helpful.

Resources

GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the
information provided by other organizations. For information on selection criteria, click here.

« National Library of Medicine Genetics Home Reference
McKusick-Kaufman syndrome

Molecular Genetics

Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables
may contain more recent information. —ED.

Table A. McKusick-Kaufman Syndrome: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific HGMD ClinVar
Databases
MKKS 20pl2.2 Molecular chaperone MKKS database MKKS MKKS
MKKS

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt.
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for McKusick-Kaufman Syndrome (View All in OMIM)

236700 MCKUSICK-KAUFMAN SYNDROME; MKKS
604896 MKKS CENTROSOMAL SHUTTLING PROTEIN; MKKS


https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
https://ghr.nlm.nih.gov/condition/mckusick-kaufman-syndrome
https://www.ncbi.nlm.nih.gov/gene/8195
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=8195
http://www.uniprot.org/uniprot/Q9NPJ1
http://www.uniprot.org/uniprot/Q9NPJ1
https://databases.lovd.nl/shared/genes/MKKS
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=MKKS
https://www.ncbi.nlm.nih.gov/clinvar/?term=MKKS[gene]
http://www.genenames.org/index.html
http://www.omim.org/
http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app1/
https://www.ncbi.nlm.nih.gov/omim/236700,604896
https://www.ncbi.nlm.nih.gov/omim/236700
https://www.ncbi.nlm.nih.gov/omim/604896
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Molecular Pathogenesis

McKusick-Kaufman syndrome (MKS), like Bardet-Biedl syndrome (BBS) is part of a group of disorders known
as ciliopathies. At least 26 different genes are associated with BBS and it has long been recognized that
pathogenic variants in MKKS (also known as BBS6) have been associated with both MKS and BBS.

In the Old Order Amish kindred in which MKS was first described, the phenotype was recorded as due to
homozygosity for two pathogenic variants, p.His84Tyr and p.Ala242Ser, inherited in cis (i.e., p.[His84Tyr,
Ala242Ser]; [His84Tyr, Ala242Ser]). The p.[His84Tyr, Ala242Ser] allele, with both variants, is present in
approximately 2% of the Amish population, but is very rare outside of this ancestry. To date, very few individuals
outside the Amish population diagnosed clinically with MKS have been found to have biallelic pathogenic
variants in MKKS.

The proteins encoded by the genes that cause BBS form two main complexes: the BBSome (a multi-protein
complex) and the BBS chaperonin complex [Scott et al 2017]. The BBSome, consisting of eight proteins (BBS1,
BBS2, BBS4, BBS5, BBS7, BBS8, BBS9, and BBS18) is involved in ciliary function by transporting ciliary cargo
destined for the plasma membrane of the cell, whereas the BBS chaperonin complex, comprising MKKS/BBS6,
BBS10, and BBS12, functions as a scaffold for assembly of the BBSome complex [Scott et al 2017]. Other BBS-
related genes have also been identified.

Wild type MKKS protein binds SMARCCI and is actively transported between the cytoplasm and nucleus,
whereas the MKKS protein resulting from the MKS-associated allele, MKKS/BBS6 p.[His84Tyr, Ala242Ser]
found in the Amish population, binds to SMARCCI, but is defective in its ability to enter the cell nucleus [Scott
et al 2017]. Other variants in MKKS associated with BBS were not found to alter nuclear import. The MKKS/
BBS6 p.[His84Tyr, Ala242Ser] allele was shown not to impair cilia-related processes and this may explain the
milder phenotype associated with MKS compared to BBS [Scott et al 2017].

Mechanism of disease causation. MKS occurs via a loss-of-function mechanism consistent with autosomal
recessive conditions.

Table 7. Notable MKKS Pathogenic Variants
Reference Sequences DNA Nucleotide Change Predicted Protein Change Comment [Reference]
. Amish founder variant [Stone et al 2000]; assoc w/altered
NM_018848.3 €250C>T p-His84Tyr nuclear import of MKKS/BBS6 [Scott et al 2017]
NP_061336.1

Amish founder variant [Stone et al 2000]; assoc w/altered

c724G>T p-Ala242Ser nuclear import of MKKS/BBS6 [Scott et al 2017]

Variants listed in the table have been provided by the author. GeneReviews staff have not independently verified the classification of
variants.

GeneReviews follows the standard naming conventions of the Human Genome Variation Society (varnomen.hgvs.org). See Quick
Reference for an explanation of nomenclature.
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