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Abstract
Cerebral cavernous malformations are focal vascular lesions of the brain, occurring sporadically or as an autosomal dominant
familial form. The genetic background influences not only the clinical course but also patients’ consultation and the indication to
treat. We here present the rare case of monozygotic male twins of a polyzygotic triplet birth, carrying aCCM1mutation, inherited
from the mother. Both twins showed an identical site and size of a large frontobasal lesion. The genetic segregation and the
clinical course in affected family members are presented and discussed.
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Background

Cerebral cavernous malformations (CCMs) are cerebral vascular
lesionswith a prevalence of approximately 1:200 [1]. Collections
of enlarged vascular caverns filled with blood in all stages of
thrombosis histologically characterize these lesions [2].
Symptoms largely vary from epilepsy, intracerebral haemor-
rhage, chronic headache and focal neurological deficits [3, 4].

In approximately 6–7% of all cases, a familial form of
CCM has been assumed. Based on large genetic databases,
the prevalence of symptomatic hereditary CCM has been
estimated to be 1:5400–1:6200 stating that familial CCM is
a rare disease [1]. These patients often harbour multiple
lesions and an increasing number of lesions with age [1].
Germline mutations in three CCM genes (CCM1/KRIT1,

CCM2/MGC4607, CCM3/PDCD10) have been identified so
far [5–9]. The predominantly affected geneCCM1 encodes for
the protein krev interaction trapped1 (KRIT1), which
influences vessel wall morphogenesis and the integrity of
endothelial junctions [10, 11].

Considering its heterogeneous phenotype, a genetic two-hit
mechanism for familiar CCM has been suggested postulating
a secondary somatic mutation following the inherited
germline mutation [12, 13]. Numerous publications focus on
clinical and genetic features within CCM-affected families,
but only one case of monozygotic twins inheriting a CCM1/
KRIT1 mutation is reported so far [14–17].

We here present another rare case of monozygotic
male twins of a polyzygotic triplet birth, carrying a
heterozygous two base pair deletion within the CCM1
gene, c.1362_1363delTC;p.(Gln455Argfs*24). Its
genetic segregation, clinical and radiological peculiari-
ties are demonstrated and discussed.

Case history

At the age of 9, the male index patient A presented a status
epilepticus. Anticonvulsive medication with oxcarbazepine
was initiated and the patient was scheduled for further radio-
logical evaluation. Cranial MRI revealed multiple
disseminated small CCMs and a large Zabramski type II
lesion of the left frontal lobe [18]. Surgical removal was
carried out, leading to a complete relief of seizures. Constant
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MRI controls demonstrate a stable course of the remaining
CCMs.

Influenced by the medical history of the family, the mono-
zygotic brother B underwent cranial MRI screening.
Likewise, multiple disseminated CCMs and a large type II
lesion of nearly identical location and size were depicted
(Fig. 1). Clinically, he only presented diffuse neuropsycholog-
ical alterations. Together with the parents’ declared intention
to treat and after discussion in our neuropaediatric board, in-
dication for surgical removal was stated. Surgical removal of
the large left frontal lesion was carried out and further follow-
up was uneventful.

The two monozygotic brothers notably suffered from a twin-
to-twin transfusion syndrome during pregnancy, which was
successfully treated by fetoscopic laser occlusion. Neither the
third and dizygotic triplet nor the older sister presented
neurological symptoms or pathological findings on cranial MRI.

The mother of the two affected triplets experienced focal
seizures since the age of 7. First MRI at the age of 17 revealed
multiple cranial and spinal CCMs. Among others,
characteristic lesions could be found in the left temporal lobe,
the tectum mesencephali and the thoracic spinal cord. Despite
anticonvulsive medication, seizures were persistent and
thoracic myelopathy was progressive. Subsequent surgical
removal of the symptomatic left temporal and intramedullary
lesions was carried out.

Molecular genetic analysis of the family detected a
previously described heterozygous two base pair deletion
c.1362_1363delTC;p.(Gln455Argfs*24) within the CCM1
gene [19]. Segregation of the familial pathogenic variant with
clinical symptoms is shown in the pedigree in Fig. 2.

Discussion

To the best of our knowledge, only one report described
clinical and radiological characteristics in monozygotic twins
harbouring a CCM1/KRIT1 mutation so far [17]. These twins
primarily presented with seizures at the age of 19 years.
Cranial MRI revealed different locations of their lesions
resulting in divergent disease manifestations.

Our family showed the following characteristics:

1. The mother and the index (A) presented with early onset
of seizures before age 10. This is in line with previous
findings demonstrating that 25% of CCM1 mutation
carriers become symptomatic before age 15 [20].

2. Both siblings harboured a large lesion of identical
location and similar size but only one developed a
distinct phenotype. Considering the aetiological two-
hit theory in familial CCMs with a stochastic distri-
bution of lesions due to the second somatic mutation,
identical locations are highly unlikely.

3. A twin-to-twin transfusion syndrome treated with
fetoscopic laser occlusion was present. The fetal
periventricular germinal matrix shows a high fragility
in general. Alterations of cerebral perfusion, caused
by placental anastomoses and a concomitant unequal
blood supply are postulated reasons for an increased
risk of cerebral periventricular haemorrhages in
monochorial twin pregnancies treated with fetoscopic
laser occlusion [21]. The fetal periventricular
germinal matrix shows in general a high fragility

Fig. 1 Axial T2-weighted (above), sagittal FLAIR-weighted (in the mid-
dle) and axial T2*-weighted (below) sectional MRI imaging of monozy-
gotic triplet brothers depicting a symptomatic left frontobasal CCM with
identical location and similar extension. On the left are MRI scans of the
index patient A and on the right his brother B
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and states preferential site of birth-associated
intraventricular haemorrhages.

This case report raises questions towards possible cofactors
of CCM formation. Further studies are necessary to determine
individual genetic or haemodynamic aspects that might influ-
ence lesion formation in CCM.

Compliance with ethical standards All family members
gave written informed consent.

Conflict of interest The authors declare that they have no competing
interests

References

1. Spiegler S, Rath M, Paperlein C, Felbor U (2018) Cerebral cavern-
ous malformations: an update on prevalence, molecular genetic
analyses, and genetic counselling. Mol Syndromol. Karger
Publishers 9(2):60–69

2. Sure U, Butz N, Schlegel J, Siegel AM,Wakat JP,Mennel HD, Bien S,
Bertalanffy H (2001) Endothelial proliferation, neoangiogenesis, and
potential de novo generation of cerebrovascular malformations. J
Neurosurg. Publishing Group 94(6):972–977

3. Maraire JN, Awad IA (1995) Intracranial cavernous malformations.
Neurosurgery 37(4):591–605

4. Siegel AM, Bertalanffy H, Dichgans JJ, Elger CE, Hopf H, Hopf N,
Keidel M, Kleider A, Nowak G, Pfeiffer RA, Schramm J, Spuck S,
Stefan H, Sure U, Baumann CR, Rouleau GA, Verlaan DJ,
Andermann E, Andermann F (2005) Familial cavernous
malformations of the central nervous system. A clinical and genetic
study of 15 German families. Nervenarzt 76(2):175–180

5. Spiegler S, Kirchmaier B, Rath M, Korenke GC, Tetzlaff F, van de
Vorst M, Neveling K, Acker-Palmer A, Kuss AW, Gilissen C,
Fischer A, Schulte-Merker S, Felbor U (2016) FAM222B is not a
likely novel candidate gene for cerebral cavernous malformations.
Mol Syndromol. Karger Publishers 7(3):144–152

6. Laberge-le Couteulx S, Jung HH, Labauge P, Houtteville JP,
Lescoat C, Cecillon M et al (1999) Truncating mutations in
CCM1, encoding KRIT1, cause hereditary cavernous angiomas.
Nat Genet. Nature Publishing Group 23(2):189–193

7. Bergametti F, Denier C, Labauge P, Arnoult M, Boetto S, Clanet M,
Coubes P, Echenne B, Ibrahim R, Irthum B, Jacquet G, Lonjon M,
Moreau JJ, Neau JP, Parker F, Tremoulet M, Tournier-Lasserve E,
Société Française de Neurochirurgie (2005) Mutations within the
programmed cell death 10 gene cause cerebral cavernous
malformations. Am J Hum Genet. Elsevier 76(1):42–51

8. Batra S, Lin D, Recinos PF, Zhang J, Rigamonti D (2009)
Cavernous malformations: natural history, diagnosis and treatment.
Nat Rev Neurol 5(12):659–670

9. Felbor U, Sure U, Grimm T, Bertalanffy H (2006) Genetics of
cerebral cavernous angioma. Zentralbl Neurochir. © Georg
Thieme Verlag Stuttgart. New York 67(3):110–6

10. Sahoo T, Johnson EW, Thomas JW, Kuehl PM, Jones TL, Dokken
CG, Touchman JW, Gallione CJ, Lee-Lin SQ, Kosofsky B, Kurth
JH, Louis DN, Mettler G, Morrison L, Gil-Nagel A, Rich SS,
Zabramski JM, Boguski MS, Green E, Marchuk DA (1999)
Mutations in the gene encoding KRIT1, a Krev-1/rap1a binding
protein, cause cerebral cavernous malformations (CCM1). Hum
Mol Genet 8(12):2325–2333

11. Glading A, Han J, Stockton RA, Ginsberg MH (2007) KRIT-1/
CCM1 is a Rap1 effector that regulates endothelial cell cell junc-
tions. J Cell Biol. Rockefeller University Press 179(2):247–254

12. Akers AL, Johnson E, Steinberg GK, Zabramski JM, Marchuk DA
(2009) Biallelic somatic and germline mutations in cerebral cavern-
ous malformations (CCMs): evidence for a two-hit mechanism of
CCM pathogenesis. Hum Mol Genet 18(5):919–930

13. Gault J, Shenkar R, Recksiek P, Awad IA (2005) Biallelic somatic and
germ line CCM1 truncating mutations in a cerebral cavernous malfor-
mation lesion. Stroke. Lippincott Williams &Wilkins 36(4):872–874

14. Cigoli MS, Avemaria F, De Benedetti S, Gesu GP, Accorsi LG,
Parmigiani S et al (2014) PDCD10 gene mutations in multiple
cerebral cavernous malformations. Dermaut B, editor. PLoS ONE.
Public Library of Science 9(10):e110438

15. Battistini S, Rocchi R, CeraseA, Citterio A, Tassi L, LandoG, Patrosso
MC, Galli R, Brunori P, Sgrò DL, Pitillo G, Lo Russo G, Marocchi A,
Penco S (2007) Clinical, magnetic resonance imaging, and genetic
study of 5 Italian families with cerebral cavernous malformation.
Arch Neurol: American Medical Association 64(6):843–848

16. Graeni C, Stepper F, Sturzenegger M, Merlo A, Verlaan DJ,
Andermann F, Baumann CR, Bonassin F, Georgiadis D,
Baumgartner RW, Rouleau GA, Siegel AM (2010) Inherited cav-
ernous malformations of the central nervous system: clinical and
genetic features in 19 Swiss families. Neurosurg Rev. 5 ed.
Springer-Verlag 33(1):47–51

17. Dammann P, Hehr U, Weidensee S, Zhu Y, Gerlach R, Sure U
(2013) Two-hit mechanism in cerebral cavernous malformation?

Fig. 2 Family pedigree
demonstrating segregation of the
familial CCM1 mutation with the
occurrence of cavernous lesions

Neurosurg Rev (2019) 42:765–768 767



A case of monozygotic twins with a CCM1/KRIT1 germline mu-
tation. Neurosurg Rev. Springer-Verlag 36(3):483–486

18. Zabramski JM, Wascher TM, Spetzler RF, Johnson B, Golfinos J,
Drayer BP, Brown B, Rigamonti D, Brown G (1994) The natural
history of familial cavernous malformations: results of an ongoing
study. J Neurosurg 80(3):422–432

19. Cavé-Riant F, Denier C, Labauge P, Cecillon M, Maciazek J, Joutel
A et al (2002) Spectrum and expression analysis of KRIT1 muta-
tions in 121 consecutive and unrelated patients with cerebral cav-
ernous malformations. Eur J Hum Genet. Nat Publ Group 10(11):
733–740

20. Spiegler S, Najm J, Liu J, Gkalympoudis S, Schröder W, Borck
G, Brockmann K, Elbracht M, Fauth C, Ferbert A, Freudenberg
L, Grasshoff U, Hellenbroich Y, Henn W, Hoffjan S, Hüning I,
Korenke GC, Kroisel PM, Kunstmann E, Mair M, Munk-
Schulenburg S, Nikoubashman O, Paul i S , Rudnik-

Schöneborn S, Sudholt I, Sure U, Tinschert S, Wiednig M,
Zoll B, Ginsberg MH, Felbor U (2014) High mutation detection
rates in cerebral cavernous malformation upon stringent inclu-
sion criteria: one-third of probands are minors. Mol Genet
Genomic Med 2(2):176–185

21. Adegbite AL, Castille S, Ward S, Bajoria R (2005) Prevalence of
cranial scan abnormalities in preterm twins in relation to
chorionicity and discordant birth weight. Eur J Obstet Gynecol
Reprod Biol. Elsevier 119(1):47–55

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

768 Neurosurg Rev (2019) 42:765–768


	CCM1/KRIT1 mutation in monozygotic twins of a polyzygotic triplet birth: genetic, clinical and radiological characteristics
	Abstract
	Background
	Case history
	Discussion
	References


