
Introduction

Meckel syndrome (MKS), also known as dysencephalia
splanchnocystica, Gruber syndrome, or Meckel-Gruber
syndrome, is a lethal, autosomal recessive disorder char-
acterized by occipital encephalocele, bilateral renal cys-
tic dysplasia, hepatic ductal proliferation, fibrosis and
cysts, and polydactyly. The worldwide incidence of the
disease varies from 1/13,250 to 1/140,000 live births,
but in Finland, there is a prevalence of 1/9,000 births [1].

In 1822, the German anatomist Johann Friedrich Meckel
(1781–1833) first described two newborn siblings, a
female and a male, that died of identical malformations
of occipital meningoencephalocele, polycystic kidneys,
polydactyly, and cleft palate [2]. In 1934, George B.
Gruber reported several familial cases with encephalo-
cele, polycystic kidneys, and polydactyly using a disease
name “dysencephalia splanchnocystica”, and suggested
a genetic origin of the disease [3]. In 1969, Opitz and
Howe [4] delineated the clinical features and proposed
a disease name “Meckel syndrome”. In 1970, Journal of
American Medical Association [5] and in 1984, American
Journal of Medical Genetics [6] separately published bio-
graphical information on Meckel. In 2006, Opitz et al
[7] gave a detailed review of the role of Meckel in
developmental pathology.
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SUMMARY
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Genetics

There are three types of MKS, i.e., MKS, type 1, or MKS1
(OMIM 249000) [8], MKS, type 2, or MKS2 (OMIM
603194) [9], and MKS, type 3, or MKS3 (OMIM
607361) [10].

MKS, type 1
In 1995, Paavola et al [11] mapped the locus for MKS
to chromosome 17q21-q24. In 1999, Paavola et al [12]
further narrowed down the critical region for MKS on
chromosome 17q22-q23. In 2006, Kyttala et al [8] iden-
tified a gene MKS1 (FLJ20345) (OMIM 609883) on
17q23 using positional cloning. MKS1 encodes a com-
ponent of flagellar apparatus basal body proteome.
MKS1 has 14-kb and consists of 18 exons. MKS1 con-
tains an open reading frame (bp 76-1755) coding for a
559-amino acid polypeptide containing a conserved B9
domain. Genes encoding polypeptides with B9 domains
such as MKS1, LOC80776, and EPPB9 are responsible
for flagellar apparatus basal body proteome and are
associated with ciliary function. Cilia and flagella are
ancient, evolutionarily conserved organelles that proj-
ect from cell surface and serve the roles of whole-cell
locomotion, movement of fluid, chemo-, mechano-, and
photosensation, and sexual reproduction [13]. In situ
hybridization analysis of MKS1, the mouse homologue
of MKS1 mapping to mouse chromosome 11, in the
mouse embryo at day 15.5 showed a prominent expres-
sion in the tissues of bronchiolar epithelium, brain, liver,
kidneys, and digits of the upper limbs [8]. The identi-
fication of the gene MKS1 implicates a link of MKS 
to ciliary dysfunction. Ciliary dysfunction is associated
with pronephric cyst formation and hydrocephalus in
zebrafish embryos [14]; polycystic kidney disease
(PKD) and Bardet-Biedl syndrome (BBS) [15,16]; PKD
in the mouse model [17]; primary ciliary dyskinesia,
polycystic liver disease, retinal degeneration, Astrom
syndrome, MKS, Joubert syndrome (JBTS), and Senior-
Loken syndrome (SLSN) [13]; hypogonadism, deafness,
obesity, mental retardation, neural tube defects, laterality
defects, and palatal clefts [18]; and oral-facial-digital
syndrome type 1 (OFD1) [19]. The identification of
the MKS1 gene highlights the molecular diagnosis 
of MKS, and provides new insights into the role of 
cilia in early embryonic development and organo- and
histogenesis.

MKS, type 2
The MKS2 gene is to be found at the time of this writing.
In 1998, Roume et al [9] mapped the locus for MKS to
chromosome 11q13. Roume et al [9] pointed out that
the D11S911-D11S906 interval encompassing the gene

also encompasses a gene Phox2a, which is strongly
expressed in the mouse hindbrain.

MKS, type 3
In 2002, Morgan et al [20] mapped the locus for MKS
to chromosome 8q24. In 2006, Smith et al [10] iden-
tified a gene MKS3 (TMEM67) (OMIM 609884) on
8q21.13-q22.1 by positional cloning of the Wpk gene
from a rodent model, the Wistar wpk rat. MKS3 en-
codes a transmembrane protein, meckelin. MKS3 spans
62018 bp, and consists of 28 exons. MKS3 codes for a
995-amino acid, seven-transmembrane receptor pro-
tein, or meckelin. The human locus of MKS3 is syntenic
to the Wpk locus in rat, which has birth defects similar
to MKS such as PKD, agenesis of the corpus callosum,
and hydrocephalus [21,22]. Human and rat meckelin
are 84% identical and 91% similar [10]. Meckelin con-
tains a signal peptide, at least two cysteine-rich repeats,
a 490-residue extracellular region with 4N-linked glyco-
sylated sites, seven transmembrane domains, and a 30-
residue cytoplasmic tail. The identification of the MKS3
gene as well as the MKS1 gene enables molecular genetic
testing for at-risk families, and allows accurate genetic
counseling, carrier testing, and prenatal diagnosis.

Perinatal Findings

Figures 1–7 demonstrate the typical gross and histo-
logic findings of MKS. Pregnancies with MKS fetuses
may be associated with an elevated maternal serum 
α-fetoprotein level and an abnormal screening result
in the second-trimester maternal serum screening test.
The classic MKS triad of occipital encephalocele,
postaxial polydactyly, and bilateral enlarged multicystic
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Figure 1. (A,B) Gross appearance of bilateral enlarged multi-
cystic kidneys.



kidneys can be diagnosed before the 14th gestational
weeks by ultrasonography [23,24]. Ickowicz et al [25]
suggested that the kidneys of fetuses with MKS are
enlarged and cystic, and have unusual corticomedullary
differentiation, which can be observed as early as the first
and early second trimesters. However, later in pregnancy,
severe oligohydramnios may make the diagnosis of

polydactyly and encephalocele difficult. MKS has vari-
ability in clinical features. Salonen [26] in a study of clin-
icopathologic findings in 67 patients with MKS found
that all had cystic dysplasia of the kidneys, 85% had an
occipital encephalocele, and 96% had polydactyly. For
the uncharacteristic cases, an accurate diagnosis may
rely on molecular genetic testing and pathologic exam-
ination. The common abnormalities of MKS include
occipital encephalocele, microcephaly with sloping fore-
head, cerebral and cerebellar hypoplasia, anencephaly,
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Figure 2. Occipital encephalocele.

Figure 3. Gross appearance of cystic renal dysplasia.

Figure 4. Postaxial polydactyly of the hands.

Figure 5. Postaxial polydactyly of the feet.

Figure 6. Histologic appearance of diffuse multicystic renal
dysplasia (hematoxylin and eosin, 40×).

Figure 7. Histologic appearance of hepatic ductal prolifera-
tion (hematoxylin and eosin, 200×).



hydrocephaly with or without an Arnold-Chiari malfor-
mation, absence of olfactory lobes, olfactory tract, cor-
pus callosum, and septum pellucidum, microphthalmia,
cleft palate, micrognathia, ear anomalies, a short neck,
postaxial polydactyly, talipes, renal dysplasia with vary-
ing degrees of cystic formation, bile duct proliferation,
hepatic fibrosis and cysts, cryptorchidism, and incom-
plete development of external and/or internal genitalia
[27]. Occasional abnormalities include craniosynostosis,
coloboma of iris, hypoplastic optic nerve, hypoplastic
philtrum and/or nasal septum, hypertelorism, midline
cleft lip, a lobulated tongue, cleft epiglottis, neonatal
teeth, a webbed neck, relatively short boned limbs, synda-
ctyly, simian creases, clinodactyly, cardiac septal defects,
patent ductus arteriosus, coarctation of aorta, pulmo-
nary stenosis, pulmonary hypoplasia, Dandy-Walker
malformation, single umbilical artery, patent urachus,
omphalocele, intestinal malrotation, spleen abnormali-
ties, laterality defects, adrenal hypoplasia, imperforate
anus, missing or duplicated ureters, absent or hypo-
plastic urinary bladder, and enlarged placenta [27].

Differential Diagnosis

Differential diagnosis for MKS includes autosomal
recessive PKD, trisomy 13, Smith-Lemli-Opitz syndrome
(SLOS), hydrolethalus syndrome, SLSN, JBTS, BBS, and
OFD1 [13,18,28].

Autosomal recessive PKD
Autosomal recessive PKD (ARPKD) (OMIM 263200)
is caused by mutations in the PKHD1 gene, which
encodes fibrocystin, a receptor protein that acts in 
collecting-duct and biliary differentiation [29]. ARPKD
is characterized by cystic, enlarged kidneys and hepatic
fibrosis with severe early-onset symptoms.

Trisomy 13
Trisomy 13 is associated central nervous system abnor-
malities such as holoprosencephaly, agenesis of corpus
callosum, hydrocephalus, fusion of basal ganglia, cere-
bellar hypoplasia and meningomyelocele, polycystic
kidneys (31%), hydronephrosis, horseshoe kidneys and
duplicated ureters, postaxial polydactyly of hands and
sometimes feet, heterotopic pancreatic or splenic tissues,
cardiovascular malformations, and ocular anomalies,
but does not have hepatic fibrosis [27].

Smith-Lemli-Opitz syndrome
SLOS (OMIM 270400) is an autosomal recessive disor-
der caused by mutations in the DHCR7 gene and defi-
ciency of 7-dehydrocholesterol δ7-reductase (DHCR7)

in the cholesterol biosynthesis pathway [30]. SLOS is
characterized by central nervous system malformations
such as microcephaly, ventriculomegaly, agenesis of cor-
pus callosum, cerebellar hypoplasia and less often holo-
prosencephaly (5%), genital abnormalities such as
ambiguous genitalia and sex reversal, upper urinary
tract malformations such as ureteropelvic junction obs-
truction, hydronephrosis, renal cystic dysplasia, renal
duplication, renal agenesis, and reflux, postaxial poly-
dactyly of hands but less often of feet, hepatic dys-
function, and cholestatic liver disease [27].

Hydrolethalus syndrome
Hydrolethalus syndrome (OMIM 236680) is an auto-
somal recessive disorder caused by mutations in the
HYLS1 gene [31]. Hydrolethalus syndrome is character-
ized by polyhydramnios, lethality, postaxial polydactyly
of hands, preaxial polydactyly of feet, micrognathia, cleft
lip and palate, cardiac septal defects, and hydrocephaly
with absent midline structure of the brain but does not
have cystic kidneys, hepatic ductal plate malformations,
or encephalocele [27,31].

Senior-Loken syndrome
SLSN (OMIM 266900) is an autosomal recessive ciliary
dysfunction disorder caused by mutations in the NPHP
genes responsible for nephronophthisis (NPHP) [32].
NPHP is a cystic renal disease characterized by progres-
sive wasting of the filtering unit of the kidney with or
without medullary involvement. SLSN can be associ-
ated with retinitis pigmentosa, renal cystic disease,
situs inversus/isomerism, Dandy-Walker malformation,
and hepatic disease but does not have polydactyly and
posterior encephalocele [13].

Joubert syndrome
JBTS (OMIM 213300) is a genetically heterogeneous
ciliary dysfunction disorder characterized by hypoplasia
of the cerebellar vermis with the characteristic neuro-
radiologic “molar tooth sign” and neurologic syndrome.
Other variable features include retinal dystrophy and
renal anomalies. JBTS4 is caused by mutations in the
NPHP1 gene [33], and JBTS5 is caused by mutations in
the CEP290 or NPHP6 gene [34]. JBTS can be associated
with retinitis pigmentosa, renal polycystic disease, poly-
dactyly, situs inversus/isomerism, mental retardation/
developmental delay, hypoplasia of corpus callosum,
Dandy-Walker malformation, posterior encephalocele,
and hepatic disease [23].

Bardet-Biedl syndrome
BBS (OMIM 209900) is a genetically heterogeneous
ciliary dysfunction disorder, and 11 genes (BBS1-BBS11)
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were identified. BBS is characterized by postaxial poly-
dactyly, progressive retinal dystrophy, obesity, hypogo-
nadism, learning difficulty, and renal dysfunction [35].
Other features include diabetes mellitus, ataxia, congen-
ital heart defects, dental malformations, hepatic fibro-
sis, anosmia, and asthma. Karmous-Benailly et al [35]
identified a recessive mutation in a BBS gene in six cases
(three in the BBS2 gene, two in the BBS4 gene, and one
in the BBS6 gene), and observed a heterozygous muta-
tion in the BBS6 gene in three additional cases in a series
of 13 antenatal cases presenting with cystic kidneys, poly-
dactyly, and/or hepatic fibrosis but no encephalocele.
Karmous-Benailly et al [35] demonstrated a clinical
overlap between BBS and MKS and suggested that pre-
natal presentation of BBS may mimic MKS.

Oral-facial-digital syndrome type 1
OFD1 (OMIM 311200) is an X-linked dominant male-
lethal ciliary dysfunction disorder caused by mutations
in the OFD1 or CXORF5 gene [19,36]. OFD1 is charac-
terized by oral frenula and clefts, hypoplasia of alae
nasi, digital asymmetry with clinodactyly, syndactyly or
brachydactyly of hands and unilateral polydactyly of
feet, variable mental deficiency, occasional brain mal-
formations (20%) including absent of corpus callo-
sum, porencephaly, hydrocephalus, vermis hypoplasia
and Dandy-Walker malformation, and adult PKD but
does not have occipital encephalocele [27].

Conclusion

This article provides an overview of genetics, perinatal
findings, and differential diagnosis of MKS. The ciliopa-
thy underlies the pathogenesis of MKS. Prenatal diagno-
sis of bilateral enlarged multicystic kidneys should alert
MKS and prompt a thorough investigation of central
nervous system malformations and polydactyly.

References

1. Salonen R, Norio R. The Meckel syndrome in Finland: epi-
demiologic and genetic aspects. Am J Med Genet 1984;18:
691–8.

2. Meckel JF. Beschreibung zweier, durch sehr ähnliche bildung-
sabweichungen entstelter geschwister. Dtsch Arch Physiol 1822;
7:99–172.

3. Gruber BG. Beiträge zur frage “gekoppelter” missbildungen.
(Acrocephalo-Syndactylie und Dysencephalia spanchno-
cystica). Beitr Path Anat 1934;93:459–76.

4. Opitz JM, Howe JJ. The Meckel syndrome (dysencephalia
spanchnocystica, the Grüber syndrome). Birth Defects Orig
Art Ser 1969;2:167–79.

5. Editorial. Johann Friedrich Meckel, the younger (1781–1833).
JAMA 1970;214:138–9.

6. Seidler E. Johann Friedrich Meckel, the younger (1781–1833).
Am J Med Genet 1984;18:571–86.

7. Opitz JM, Schultka R, Gobbel L. Meckel on developmental
pathology. Am J Med Genet 2006;140A:115–28.

8. Kyttala M, Tallila J, Salonen R, et al. MKS1, encoding a com-
ponent of the flagellar apparatus basal body proteome, is
mutated in Meckel syndrome. Nat Genet 2006;38:155–7.

9. Roume J, Genin E, Cormier-Daire V, et al. A gene for Meckel
syndrome maps to chromosome 11q13. Am J Hum Genet
1998;63:1095–101.

10. Smith UM, Consugar M, Tee LJ, et al. The transmembrane
protein meckelin (MKS3) is mutated in Meckel-Gruber syn-
drome and the wpk rat. Nat Genet 2006;38:191–6.

11. Paavola P, Salonen R, Weissenbach J, Peltonen L. The locus
for Meckel syndrome with multiple congenital anomalies
maps to chromosome 17q21-q24. Nat Genet 1995;11:213–5.

12. Paavola P, Avela K, Horelli-Kuitunen N, et al. High-resolution
physical and genetic mapping of the critical region for Meckel
syndrome and mulibrey nanism on chromosome 17q22-q23.
Genome Res 1999;9:267–76.

13. Badano JL, Mitsuma N, Beales PL, Katsanis N. The cilio-
pathies: an emerging class of human genetic disorders. Annu
Rev Genomics Hum Genet 2006;22:125–48.

14. Kramer-Zucker AG, Olale F, Haycraft CJ, Yoder BK, Schier AF,
Drummond IA. Cilia-driven fluid flow in the zebrafish
pronephros, brain and Kupffer’s vesicle is required for normal
organogenesis. Development 2005;132:1907–21.

15. Nauli SM, Alenghat FJ, Luo Y, et al. Polycystins 1 and 2
mediate mechanosensation in the primary cilium of kidney
cells. Nat Genet 2003;33:129–37.

16. Blacque OE, Reardon MJ, Li C, et al. Loss of C. elegans BBS-7
and BBS-8 protein function results in cilia defects and 
compromised intraflagellar transport. Genes Dev 2004;
18:1630–42.

17. Pazour GJ, Dickert BL, Vucica Y, et al. Chlamydomonas
IFT88 and its mouse homologue, polycystic kidney disease
gene tg737, are required for assembly of cilia and flagella. 
J Cell Biol 2000;151:709–18.

18. Gibson WT. The beat goes on: ciliary proteins are defective
in Meckel syndrome. Clin Genet 2006;69:400–1.

19. Ferrante MI, Zullo A, Barra A, et al. Oral-facial-digital type I
protein is required for primary cilia formation and left-right
axis specification. Nat Genet 2006;38:112–7.

20. Morgan NV, Gissen P, Sharif SM, et al. A novel locus for
Meckel-Gruber syndrome, MKS3, maps to chromosome
8q24. Hum Genet 2002;111:456–61.

21. Nauta J, Goedbloed MA, Herck HV, et al. New rat model
that phenotypically resembles autosomal recessive polycystic
kidney disease. J Am Soc Nephrol 2000;11:2272–84.

22. Gattone VH II, Tourkow BA, Trambaugh CM, et al. Develop-
ment of multiorgan pathology in the wpk rat model of
polycystic kidney disease. Anat Rec A Discov Mol Cell Evol Biol
2004;277:384–95.

23. Sepulveda W, Sebire NJ, Souka A, Snijders RJ, Nicolaides KH.
Diagnosis of the Meckel-Gruber syndrome at eleven to
fourteen weeks’ gestation. Am J Obstet Gynecol 1997;176:
316–9.

Taiwanese J Obstet Gynecol • March 2007 • Vol 46 • No 1 13

Meckel Syndrome



24. Liu SS-H, Cheong M-L, She B-Q, Tsai M-S. First-trimester
ultrasound diagnosis of Meckel-Gruber syndrome. Acta Obstet
Gynecol Scand 2006;85:757–9.

25. Ickowicz V, Eurin D, Maugey-Laulom B, et al. Meckel-Gruber
syndrome: sonography and pathology. Ultrasound Obstet
Gynecol 2006;27:296–300.

26. Salonen R. The Meckel syndrome: clinicopathological find-
ings in 67 patients. Am J Med Genet 1984;18:671–89.

27. Jones KL. Meckel-Gruber syndrome. In: Jones KL, ed. Smith’s
Recognizable Patterns of Human Malformation. Philadelphia:
Elsevier Saunders, 2006;18–9, 114–5, 198, 204, 292–3.

28. Alexiev BA, Lin X, Sun CC, Brenner DS. Meckel-Gruber 
syndrome: pathologic manifestations, minimal diagnostic
criteria, and differential diagnosis. Arch Pathol Lab Med 2006;
130:1236–8.

29. Ward CJ, Hogan MC, Rossetti S, et al. The gene mutated in
autosomal recessive polycystic kidney disease encodes a large,
receptor-like protein. Nat Genet 2002;30:259–69.

30. Tint GS, Irons M, Elias ER, et al. Defective cholesterol biosyn-
thesis associated with the Smith-Lemli-Opitz syndrome. New
Engl J Med 1994;330:107–13.

31. Mee L, Honkala H, Kopra O, et al. Hydrolethalus syndrome
is caused by a missense mutation in a novel gene HYLS1. Hum
Mol Genet 2005;14:1475–88.

32. Otto EA, Loeys B, Khanna H, et al. Nephrocystin-5, a ciliary
IQ domain protein, is mutated in Senior-Loken syndrome
and interacts with RPGR and calmodulin. Nat Genet 2005;37:
282–8.

33. Parisi MA, Bennett CL, Eckert ML, et al. The NPHP1 gene
deletion associated with juvenile nephronophthisis is present
in a subset of individuals with Joubert syndrome. Am J Hum
Genet 2004;75:82–91.

34. Valente EM, Silhavy JL, Brancati F, et al. Mutations in
CEP290, which encodes a centrosomal protein, cause pleio-
tropic forms of Joubert syndrome. Nat Genet 2006;38:
623–5.

35. Karmous-Benailly H, Martinovic J, et al. Antenatal presenta-
tion of Bardet-Biedl syndrome may mimic Meckel syndrome.
Am J Hum Genet 2005;76:493–504.

36. Ferrante MI, Giorgio G, Feather SA, et al. Identification of the
gene for oral-facial-digital type I syndrome. Am J Hum Genet
2001;68:569–76.

Taiwanese J Obstet Gynecol • March 2007 • Vol 46 • No 114

C.P. Chen


