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Abstract

Rhabdoid tumors are amongst the most aggressive and lethal forms of human 
cancer.  They can arise in any location of the body but are more commonly observed 
in the brain and in the kidneys. The vast majority of rhabdoid tumors present with 
recurring loss of function of the SMARCB1 gene located at 22q11.2. Despite the highly 
malignant nature of rhabdoid tumors, they were proved to have a “remarkably simple 
genome” with SMARCB1inactivation recognized to be the sole recurrent genetic event 
involved in tumor development. 

Rhabdoid Tumor Predisposition Syndrome (RTPS) presents with a constitutional loss 
or inactivation of one allele of the SMARCB1 gene, which results in an increased risk 
of developing rhabdoid tumors.  It has been estimated that up to one third of patients 
with rhabdoid tumors present SMARCB1 germline mutations. In familial cases children 
tend to develop tumors at a younger age, have more extensive disease, and a shorter 
survival rate than children with sporadic cases. However, there have been cases of 
long-survivors among RTPS families and presently, the impact of germline mutation on 
survival remains unclear. 

Here we review the literature on RTPS and other conditions related to SMARCB1 
abnormalities. We suggest that genetic counseling should be recommended to the 
families bearing this condition and facilitated by their clinicians and institutions. 

INTRODUCTION
Rhabdoid tumors are amongst the most aggressive and lethal 

forms of human cancer [1-5]. They are typically diagnosed in 
infants or children but can occur at any age. Initially, Beckwith 
and Palmer described rhabdoid tumors in the kidney as an 
aggressive type of Wilms tumor.  Since then, rhabdoid tumors 
have been described in the spinal cord and brain, as well as soft 
tissue and liver, among other locations [3,6-9]. When rhabdoid 
tumors arise in the kidney they are named rhabdoid tumors of 
the kidney (RTK), and in other locations they receive the generic 
name of malignant rhabdoid tumors (MRT).  When rhabdoid 
tumors arise in the central nervous system (CNS) they possess an 
unusual combination of mixed cellular elements similar to what 
is found in teratomas. Due to this particularity, rhabdoid tumors 

arising in the CNS are named atypical teratoid/rhabdoid tumors 
(AT/RT).

The outcome associated with rhabdoid tumorsis dismal 
with median survival historically being less than 1 year [4,10-
14]. Treatment depends on the tumor’s location, initial staging 
and the age of the patient [12,13,15-18]. For AT/RT, patients 
receive the maximum amount surgical resection possible, 
while preserving neurologic function, followed by an intensive 
multimodality regimen. This regimen is divided into five phases: 
pre-irradiation, chemoradiation, consolidation, maintenance, 
and continuation therapy. Chemotherapy includes vincristine, 
cisplatin, cyclosphosphamide, etoposide, actinomycin D and 
temozolomide with the addition of intrathecal chemotherapy 
and radiation therapy, which depends on the age and extent of 
disease at diagnosis [12]. This regimen has improved patients’ 
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survival increasing 2-year overall survival rates up to 70±10%. 
Despite the progress, the toxic side effects are significant and 
most patients still rapidly succumb to their disease. The only 
significant factor that can be associated with the patient’s survival 
is the age of the patient at the time of diagnosis. Younger age is 
associated with a poor survival rate [19].

GENETICS
The vast majority of rhabdoid tumors present with recurring 

abnormalities in chromosome 22, regardless of their site of 
origin [20,21]. These abnormalities are characterized by the loss 
of function of a gene located at 22q11.2 that is a member of the 
SWI/SNF chromatin remodeling complex and is known by the 
names: hSNF5, INI1, BAF47 and SMARCB1. 

This gene was name dsucrose non-fermenting gene number 5 
(SNF5), because its ortholog was first identified in yeast mutants 
that were unable to ferment sucrose [22]. The human ortholog 
(hSNF5) was identified for its capacity to bind to DNA and 
enhance the joining activity of HIV-1 integrase, which was then 
named integrase interactor 1 (INI1) by Kalpana and colleagues 
[23]. Soon after, the SWI/SNF complex was named BRG1/BRM 
associated complex (BAF complex), and the gene was then named 
BRG1-associated factor 47 (BAF47) due to its molecular mass 
of 47kd. Although these names are all widely used, the current 
recommended nomenclature is SMARCB1, which stands for SWI/
SNF-related matrix-associated actin-dependent regulator of 
chromatin subfamily B member [24]. In this review article we 
will use the official nomenclature SMARCB1.

The SWI/SNF chromatin remodeling complex consists of 
8-11 proteins and uses the energy of ATP hydrolysis to remodel 
nucleosomes and modulate gene transcription. SMARCB1 encodes 
for a member of this complex that is recruited to gene promoters 
that regulate cell cycle, growth and differentiation [25-27].

The SMARCB1abnormalities in rhabdoid tumors are 
characterized as somatically acquired biallelic inactivating 
truncating mutations within tumors, with or without germline 
mutations that would predispose to cancer [1,5,23,28,29]. This 
somatic inactivation implicates SMARCB1as a tumor suppressor 
gene as defined by Knudson in the “two-hit model” [30,31].

Interestingly, despite the highly malignant nature of rhabdoid 
tumors, extensive genetic evaluation of newly diagnosed 
specimens has shown that rhabdoid tumors have a “remarkably 
simple genome.” This was found through whole-exome 
sequencing and SNP array analysis that identified an extremely 
low rate of mutations. As a result, SMARCB1 inactivation was 
recognized to be the sole recurrent genetic event involved in 
tumor development [32-34].

HISTOLOGY
The histology of rhabdoid tumors can be fairly variable. 

The classic rhabdoid phenotype is characterized by cells with 
large eccentric nuclei, a prominent nucleolus, and eosinophilic 
cytoplasm with pale cytoplamatic inclusion body. Although 
most of these tumors contain at least focal areas of rhabdoid 
cells, most rhabdoid tumors are primarily composed of 
undifferentiated cells and the rhabdoid component can be 

absent or not detected. AT/RTs may contain a variety of 
primitive neuroectodermal epidermal or mesenchymal cells, 
which stresses the importance of differential diagnosis with 
primitive neuroectodermal tumors (PNET) and choroid plexus 
carcinomas [35]. Immunohistochemical markers are essential 
for the diagnosis. Rhabdoid tumors have a classic immune profile 
that shows diffuse expression of smooth muscle actin (SMA), 
epithelial membrane antigen (EMA) and vimentin associated 
with variable expression of neuron-specific enolase (NSE), 
Leu7 and S100 and absence of expression of SMARCB1, desmin 
and myogenin [36,37]. It has been shown that rhabdoid tumors 
exhibit loss of SMARCB1 protein expression, [37] and this can be 
useful when reclassifying pediatric CNS tumors that were initially 
misdiagnosed as medulloblastomas, supretentorial primitive 
neuroectodermal tumors (PNET) or choroid plexus carcinomas 
[38,39]. However, the loss of SMARCB1 protein expression is not 
exclusive to rhabdoid tumors. Some extracranial non rhabdoid 
tumors, including epithelioid sarcomas and hereditary types of 
schwannomas, may present with total or partial loss of SMARCB1 
expression [40,41]. This phenomenon has also been observed in 
nearly all medullary carcinomas of the kidney, most of epithelial 
sarcomas and half of epithelioid malignant peripheral nerve 
sheath tumors [40,42,43].

RHABDOID TUMOR PREDISPOSITION SYN-
DROME-RTPS

Rhabdoid Tumor Predisposition Syndrome (RTPS) presents 
with a constitutional loss or inactivation of one allele of the 
SMARCB1 gene, which results in an increased risk of developing 
rhabdoid tumors. This syndrome is characterized by a pedigree 
in which at least two individuals carry germline mutations of 
the SMARCB1 tumor suppressor gene. It has been estimated 
that up to one third of patients with rhabdoid tumors present 
SMARCB1germline mutations [19,44-46]. Although most of these 
mutations occur de novo, familial cases have been reported in 
which an inherited constitutional SMARCB1 mutation of 1 allele 
predisposes a patient to rhabdoid tumor development. Typically, 
in these families, there is more than one affected child and carrier 
of SMARCB1 mutant alleles that do not develop the disease [47-
53]. However, if a child presents a de novo germline SMARCB1 
mutation and endure till adulthood, he/she will be the first 
individual in the family to carry and potentially transmit the 
mutation.

When comparing familial versus sporadic AT/RT, it has been 
found that in familial cases children tend to develop tumors at a 
younger age, have more extensive disease, and a shorter survival 
rate than children with sporadic cases [19,46,47]. However, there 
have been cases of long-survivors among RTPS families [54-56]. 
Presently, the impact of germline mutation on survival remains 
unclear. 

A recent genetic study that utilized matched tumor and 
blood samples from 100 patients with rhabdoid tumors 
originating from different locations, detected underlying genetic 
predisposition due to a germline SMARCB1 alteration in one 
third of newly diagnosed tumors. The authors also found 9 cases 
that demonstrated a parent to child transmission of a mutated 
copy of the gene, with at least one family member possessing 
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either a rhabdoid tumor or schwannomas. Two of these families 
presented multiple affected children in a manner consistent with 
gonadal mosaicism [45]. 

Over 15 years before the description of the syndrome [52], 
Lynch and collaborators published a report of two female siblings 
that presented paravertebral tumors within their first year of 
life. These tumors possessed identical pathological features that 
were characteristic of rhabdoid tumors and rapidly progressed 
to death [57]. Occurring almost simultaneously with the 
identification of SMARCB1 as a tumor suppressor gene, another 
case report described two sisters of consanguineous parents that 
were diagnosed with AT/RT and treated within 15 days of each 
other. Despite treatment, these sisters died shortly after the time 
of diagnosis at 14 and 16 months, respectively [51]. 

In Sévenet [52] analyzed three pedigrees of cancer-prone 
families demonstrating loss-of-function mutations in the 
SMARCB1 gene in the constitutional DNA of affected members, 
but not in healthy relatives. This indicates the de novo occurrence 
of the mutations. Based on this data, the authors describe, for 
the first time, a hereditary syndrome where constitutional 
mutations of the SMARCB1 gene could predispose patients to 
rhabdoid tumors. These findings further strengthened the role 
of SMARCB1 as a tumor-suppressor gene. In this report, the 
presence of multiple siblings developing tumors and carrying the 
same somatic mutations, not shared by the parents, suggests that 
families may demonstrate incomplete penetrance and gonadal 
mosaicism [52].

In the literature, reported cases of familial associated 
rhabdoid tumors are scarce but growing [19,45,47,48,49,50-
54,57-60].

Germline mutations can be associated with multiple tumors 
[45]. Cases of siblings that developed either AT/RTs or RTKs 
with identical mutations of the SMARCB1 gene that were also 
detected at the germline level of the patients, but not found in 
the parents or the other siblings have been communicated [50]. 
A report described two infants with rhabdoid tumors primary of 
the kidney (RTK) and SMARCB1 germline mutations, who then 
developed second primary rhabdoid tumors of the CNS (AT/RT) 
[61]. Almost simultaneously, a report a four-month-old child that 
presented with an AT/RT and subsequently developed an RTK 
with identical mutations of the SMARCB1 gene was published 
[28].

Reported cases of familial associated rhabdoid tumors are 
still uncommon but are increasing in frequency suggesting that 
this condition might not be as rare as previously considered 
[19,45,47-54,57-60].

A SECOND LOCUS FOR RHABDOID TUMOR 
PREDISPOSITION SYNDROME

In 2006, for the first time, evidence of an alternative tumor 
suppressor locus for RTPS was demonstrated. The authors 
describe a family with RTPS without linkage to SMARCB1. Among 
3 children studied, one child was affected by AT/RT and another 
by RTK. This study included rigorous and extensive analyses 
to confirm the diagnoses and exclude SMARCB1 involvement 
[58]. The family was further evaluated and in 2010 the authors 

published their findings showing germline nonsense mutations 
and somatic inactivation of another member of the SWI/SNF 
chromatin-remodeling complex, the subunit SMARCA4 (or BRG1) 
[62]. This syndrome was defined as rhabdoid tumor predisposition 
syndrome type 2 (RTPS2), and RTPS with SMARCB1 alterations 
was then named rhabdoid tumor predisposition syndrome type 
1 (RTPS1).Very recently, a second case of RTPS2 was published 
in a family where tumors were reclassified after entire exome 
sequencing of genomic DNA from its members [60]. 

SCHWANNOMATOSIS
Schwannomas are benign nerve sheath tumors that most 

frequently occur as solitary, encapsulated subcutaneous masses. 
Several syndromes are associated with an increased frequency 
of schwannomas, of these syndromes the most widely known 
are the neurofibromatoses. The characteristic tumors of 
neurofibromatosis 2 (NF2) are vestibular schwannomas, and of 
neurofibromatosis 1 (NFl) are neurofibromas. Schwannomatosis 
is a third major form of neurofibromatosis characterized by the 
development of multiple spinal, peripheral and cranial nerve 
schwannomas in the absence of vestibular schwannomas [63,64]. 
Tumors of patients with schwannomatosis have been reported to 
present somatic mutations in the NF2 gene but linkage studies 
excluded NF2 as the transmissible germline schwannomatosis 
gene [65-67]. 

Recently, the tumor suppressor gene SMARCB1 has been 
found to harbor alterations in both familial and sporadic 
schwannomatosis patients [68-72]. Hulsebos and colleagues 
identified two family members with a SMARCB1 inactivating 
germline mutation in exon 1, along with a second mutation 
in exon 5 of the other SMARCB1 allele and partial loss of the 
SMARCB1protein expression within the tumors. These findings 
pointed to SMARCB1as a candidate predisposing gene in familial 
schwannomatosis [73].

Shortly after this finding, based on a study of 21 patients 
with schwannomatosis and 8 schwannomatosis-associated 
tumors, Sestini and collaborators suggested that a four-hit 
mechanism involving two distinct linked tumor suppressor 
genes, the SMARCB1 and the NF2, trigger schwannomatosis-
related tumorigenesis [72]. Almost simultaneously, Boyd and 
collaborators evaluated 19 schwannomatosis kind reds and 
found that over two-thirds (13/19) segregated constitutional 
alterations in the SMARCB1 transcript. These findings supported 
the four-hit mechanism with co-mutation of SMARCB1and NF2 
tumor suppressor genes [68,72]. Constitutional mutations in 
SMARCB1were demonstrated in 40-50% of familial cases and in 
8-10% of sporadic cases of schwannomatosis [69,71,72,74-76]. 
Germline mosaicism may also occur in schwannomatosis [73].

At this point, it is accepted that tumorigenesis may occur 
through a four-hit, three-step model, which starts with a 
germline mutation in SMARCB1 (hit 1), followed by a loss of a 
portion of chromosome 22 that contains the second SMARCB1 
allele and one NF2 allele (hits 2 and 3), followed by a mutation 
in the remaining wild-type NF2 allele (hit 4) [75].  SMARCB1 is 
located fairly close (approximately six mega bases centromeric) 
to NF2 on chromosome 22. Therefore, a single event, which is 
the loss of a region of chromosome 22 containing wild-type 
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alleles of SMARCB1 and NF2 can, in some cases, account for 2 of 4 
inactivating events.

Schwannomatosis and Rhabdoid Tumors

Although somatic and germline SMARCB1 mutations have 
been identified in rhabdoid tumors and schwannomatosis, their 
co-occurrence within families that carry these mutations has 
only been reported a few times [77-79]. 

Due to the presence of adult carriers of the SMARCB1 
mutation in RTPS families, it has been suggested that the risk of 
developing a rhabdoid tumor or schwannomatosis secondary to 
these mutations could be time dependent [49,68]. 

Recently, exon analysis of 23 patients with familial 
schwannomatosis identified 61% of probands with 
SMARCB1germline point mutations. These findings also confirmed 
the previous finding that the majority of the constitutional 
alterations of SMARCB1 in familial schwannomatosis are 
predicted to be non-truncating and therefore, they do not 
inactivate SMARCB1 protein expression, in contrast to mutations 
found in RTPS that did lead to a complete loss of protein 
expression [5,29,41,80]. Interestingly, schwannomatosis-related 
mutant SMARCB1 proteins seem to be biologically functional and 
retain the ability to repress cyclinD1 transcription [80] . This 
might be of fundamental significance for the pathway that defines 
the tumor type developed.

Schwannomatosis and other Tumors

As previously mentioned, schwannomatosis is characterized 
by multiple non-intradermal, non-vestibular schawannomas 
[63]. Although infrequently, other tumors such as meningiomas 
and ependymmomas, besides rhabdoid tumors, have been 
described in schwannomatosis patients [77-79,81-84].

Cribriform neuroepithelial tumors (CRINET)

Recently, Hasselblat and colleagues reported two cases of 
unusual intracranial non rhabdoid neuroectodermal tumors with 
in and around the third and fourth ventricle presenting  acribri form 
and trabecular histology with well-defined epithelial membrane 
antigen (EMA) immune positive expression within the membrane 
of tumor cells and loss of SMARCB1 protein expression [85].
The children with these tumors responded well to conventional 
therapy and they were in complete remission longer than 5 years 
after diagnosis. These unusual neuroectodermal tumors with 
“distinct cribriform non rhabdoid histological features and loss 
of SMARCB1 protein expression, lack of rhabdoid differentiation 
and a relatively favorable prognosis” were named cribri form 
neuroepithelial tumors (CRINET) [85]. To date, about four years 
after the initial description of this entity, only 3 additional cases 
have been described [86-88]. These 3 additional cases were all 
intraventricular and occurred in pediatric patients between 10-
26 months of age [86,88].

Ibrahim and collaborators described a SMARCB1 germline 
mutation associated with CRINET in which the patient harbored 
two heterozygous mutations, one of which was constitutionally 
expressed in the blood, suggesting a two-hit mechanism for 
tumor development [30,87]. However, the most recent published 
case, although SMARCB1 mutation was detected in the tumor, 

no mutation was identified in the genomic DNA. Genetic testing 
for both somatic and germline mutations may help further 
characterization of this entity. 

CONCLUSION
Germline mutations of the SMARCB1 gene predispose patients 

to rhabdoid tumors, schwannomatosis and other neoplasms. 
Families may demonstrate incomplete penetrance and gonadal 
mosaicism. Genetic counseling should be recommended to the 
families and facilitated by their clinicians and institutions. 

ACKNOWLEDGEMENT
The authors thank Abby L. Halpen BS for editorial review 

and the financial support of the Rally Foundation for Childhood 
Cancer Research in memory of Hailey Trainer and Dr. Ralph & 
Marian C. Falk Medical Research Trust.

REFERENCES
1.	 Biegel JA, Tan L, Zhang F, Wainwright L, Russo P, Rorke LB. Alterations 

of the hSNF5/INI1 gene in central nervous system atypical teratoid/
rhabdoid tumors and renal and extrarenal rhabdoid tumors. Clinical 
cancer research. 2002; 8: 3461-3467. 

2.	 Heck JE, Lombardi CA, Cockburn M, Meyers TJ, Wilhelm M, Ritz B. 
Epidemiology of rhabdoid tumors of early childhood. Pediatr Blood 
Cancer. 2013; 60: 77-81.

3.	 Rorke LB, Packer R, Biegel J. Central nervous system atypical teratoid/
rhabdoid tumors of infancy and childhood. J Neurooncol. 1995; 24: 
21-28.

4.	 Tomlinson GE, Breslow NE, Dome J, Guthrie KA, Norkool P, Li S, et al. 
Rhabdoid tumor of the kidney in the National Wilms’ Tumor Study: 
age at diagnosis as a prognostic factor. Journal of clinical oncology. 
2005; 23: 7641-7645. 

5.	 Versteege I, Sévenet N, Lange J, Rousseau-Merck MF, Ambros P, 
Handgretinger R, et al. Truncating mutations of hSNF5/INI1 in 
aggressive paediatric cancer. Nature. 1998; 394: 203-206.

6.	 Beckwith JB, Palmer NF. Histopathology and prognosis of Wilms 
tumors: results from the First National Wilms’ Tumor Study. Cancer. 
1978; 41: 1937-1948.

7.	 Parham DM, Weeks DA, Beckwith JB. The clinicopathologic spectrum 
of putative extrarenal rhabdoid tumors. An analysis of 42 cases 
studied with immunohistochemistry or electron microscopy. Am J 
Surg Pathol. 1994; 18: 1010-1029. 

8.	 Tsuneyoshi M, Daimaru Y, Hashimoto H, Enjoji M. The existence of 
rhabdoid cells in specified soft tissue sarcomas. Histopathological, 
ultrastructural and immunohistochemical evidence. Virchows Archiv. 
A Pathological anatomy and histopathology. 1987; 41: 509-514.

9.	 Wick MR, Ritter JH, Dehner LP. Malignant rhabdoid tumors: a 
clinicopathologic review and conceptual discussion. Semin Diagn 
Pathol. 1995; 12: 233-248.

10.	Bourdeaut F, Fréneaux P, Thuille B, Bergeron C, Laurence V, Brugières 
L, et al. Extra-renal non-cerebral rhabdoid tumours. Pediatr Blood 
Cancer. 2008; 51: 363-368.

11.	Burger PC, Yu IT, Tihan T, Friedman HS, Strother DR, Kepner JL, et 
al. Atypical teratoid/rhabdoid tumor of the central nervous system: a 
highly malignant tumor of infancy and childhood frequently mistaken 
for medulloblastoma: a Pediatric Oncology Group study. The American 
journal of surgical pathology. 1998; 22: 1083-1092. 

12.	Chi SN, Zimmerman MA, Yao X, Cohen KJ, Burger P, Biegel JA, et al. 

http://www.ncbi.nlm.nih.gov/pubmed/12429635
http://www.ncbi.nlm.nih.gov/pubmed/12429635
http://www.ncbi.nlm.nih.gov/pubmed/12429635
http://www.ncbi.nlm.nih.gov/pubmed/12429635
http://www.ncbi.nlm.nih.gov/pubmed/22434719
http://www.ncbi.nlm.nih.gov/pubmed/22434719
http://www.ncbi.nlm.nih.gov/pubmed/22434719
http://www.ncbi.nlm.nih.gov/pubmed/8523069
http://www.ncbi.nlm.nih.gov/pubmed/8523069
http://www.ncbi.nlm.nih.gov/pubmed/8523069
http://www.ncbi.nlm.nih.gov/pubmed/16234525
http://www.ncbi.nlm.nih.gov/pubmed/16234525
http://www.ncbi.nlm.nih.gov/pubmed/16234525
http://www.ncbi.nlm.nih.gov/pubmed/16234525
http://www.ncbi.nlm.nih.gov/pubmed/9671307
http://www.ncbi.nlm.nih.gov/pubmed/9671307
http://www.ncbi.nlm.nih.gov/pubmed/9671307
http://www.ncbi.nlm.nih.gov/pubmed/206343
http://www.ncbi.nlm.nih.gov/pubmed/206343
http://www.ncbi.nlm.nih.gov/pubmed/206343
http://www.ncbi.nlm.nih.gov/pubmed/8092393
http://www.ncbi.nlm.nih.gov/pubmed/8092393
http://www.ncbi.nlm.nih.gov/pubmed/8092393
http://www.ncbi.nlm.nih.gov/pubmed/8092393
http://www.ncbi.nlm.nih.gov/pubmed/2445098
http://www.ncbi.nlm.nih.gov/pubmed/2445098
http://www.ncbi.nlm.nih.gov/pubmed/2445098
http://www.ncbi.nlm.nih.gov/pubmed/2445098
http://www.ncbi.nlm.nih.gov/pubmed/8545590
http://www.ncbi.nlm.nih.gov/pubmed/8545590
http://www.ncbi.nlm.nih.gov/pubmed/8545590
http://www.ncbi.nlm.nih.gov/pubmed/18506766
http://www.ncbi.nlm.nih.gov/pubmed/18506766
http://www.ncbi.nlm.nih.gov/pubmed/18506766
https://scholars.duke.edu/display/pub669345
https://scholars.duke.edu/display/pub669345
https://scholars.duke.edu/display/pub669345
https://scholars.duke.edu/display/pub669345
https://scholars.duke.edu/display/pub669345
http://www.ncbi.nlm.nih.gov/pubmed/19064966


Central

Sredni et al. (2014)
Email: 

Ann Clin Pathol 2(1): 1012 (2014) 5/7

Intensive multimodality treatment for children with newly diagnosed 
CNS atypical teratoid rhabdoid tumor. J Clin Oncol. 2009; 27: 385-389. 

13.	Hilden JM, Meerbaum S, Burger P, Finlay J, Janss A, Scheithauer BW, et 
al. Central nervous system atypical teratoid/rhabdoid tumor: results 
of therapy in children enrolled in a registry. J Clin Oncol. 2004; 22: 
2877-2884. 

14.	Packer RJ, Biege JA, Blaney S, Finlay J, Geyer JR, Heideman R, et al. 
Atypical teratoid/rhabdoid tumor of the central nervous system: 
report on workshop. J Pediatr Hematol Oncol. 2002; 24: 337-342.

15.	Fidani P, De Ioris MA, Serra A, De Sio L, Ilari I, Cozza R, et al. A 
multimodal strategy based on surgery, radiotherapy, ICE regimen 
and high dose chemotherapy in atypical teratoid/rhabdoid tumours: 
a single institution experience. Journal of neuro-oncology. 2009; 92: 
177-183. 

16.	Gardner SL, Asgharzadeh S, Green A, Horn B, McCowage G, Finlay 
J. Intensive induction chemotherapy followed by high dose 
chemotherapy with autologous hematopoietic progenitor cell rescue 
in young children newly diagnosed with central nervous system 
atypical teratoid rhabdoid tumors. Pediatric blood & cancer. 2008; 5: 
235-240. 

17.	Strother D. Atypical teratoid rhabdoid tumors of childhood: diagnosis, 
treatment and challenges. Expert Rev Anticancer Ther. 2005; 5: 907-
915.

18.	Tekautz TM, Fuller CE, Blaney S, Fouladi M, Broniscer A, Merchant TE, 
et al. Atypical teratoid/rhabdoid tumors (ATRT): improved survival in 
children 3 years of age and older with radiation therapy and high-dose 
alkylator-based chemotherapy. J Clin Oncol. 2005; 23: 1491-1499. 

19.	Bourdeaut F, Lequin D, Brugières L, Reynaud S, Dufour C, Doz F, et al. 
Frequent hSNF5/INI1 germline mutations in patients with rhabdoid 
tumor. Clin Cancer Res. 2011; 17: 31-38.

20.	Biegel JA, Allen CS, Kawasaki K, Shimizu N, Budarf ML, Bell CJ. 
Narrowing the critical region for a rhabdoid tumor locus in 22q11. 
Genes Chromosomes Cancer. 1996; 16: 94-105.

21.	Biegel JA, Burk CD, Parmiter AH, Emanuel BS. Molecular analysis of a 
partial deletion of 22q in a central nervous system rhabdoid tumor. 
Genes Chromosomes Cancer. 1992; 5: 104-108.

22.	Lee D, Sohn H, Kalpana GV, Choe J. Interaction of E1 and hSNF5 
proteins stimulates replication of human papillomavirus DNA. Nature. 
1999; 399: 487-491.

23.	Kalpana GV, Marmon S, Wang W, Crabtree GR, Goff SP. Binding 
and stimulation of HIV-1 integrase by a human homolog of yeast 
transcription factor SNF5. Science. 1994; 266: 2002-2006.

24.	Roberts CW, Biegel JA. The role of SMARCB1/INI1 in development of 
rhabdoid tumor. Cancer Biol Ther. 2009; 8: 412-416.

25.	Reisman D, Glaros S, Thompson EA. The SWI/SNF complex and cancer. 
Oncogene. 2009; 28: 1653-1668.

26.	Roberts CW, Orkin SH. The SWI/SNF complex--chromatin and cancer. 
Nat Rev Cancer. 2004; 4: 133-142.

27.	Wilson BG, Roberts CW. SWI/SNF nucleosome remodellers and 
cancer. Nat Rev Cancer. 2011; 11: 481-492.

28.	Biegel JA, Fogelgren B, Wainwright LM, Zhou JY, Bevan H, Rorke 
LB. Germline INI1 mutation in a patient with a central nervous 
system atypical teratoid tumor and renal rhabdoid tumor. Genes 
Chromosomes Cancer. 2000; 28: 31-37.

29.	Biegel JA, Zhou JY, Rorke LB, Stenstrom C, Wainwright LM, Fogelgren 
B. Germ-line and acquired mutations of INI1 in atypical teratoid and 
rhabdoid tumors. Cancer Res. 1999; 59: 74-79.

30.	Knudson AG. Hereditary cancer: two hits revisited. J Cancer Res Clin 
Oncol. 1996; 122: 135-140.

31.	Knudson AG Jr. Mutation and cancer: statistical study of retinoblastoma. 
Proc Natl Acad Sci U S A. 1971; 68: 820-823.

32.	Jackson EM, Sievert AJ, Gai X, Hakonarson H, Judkins AR, Tooke L, et al. 
Genomic analysis using high-density single nucleotide polymorphism-
based oligonucleotide arrays and multiplex ligation-dependent probe 
amplification provides a comprehensive analysis of INI1/SMARCB1 
in malignant rhabdoid tumors. Clin Cancer Res. 2009; 15: 1923-1930. 

33.	Kieran MW, Roberts CW, Chi SN, Ligon KL, Rich BE, Macconaill LE, et 
al. Absence of oncogenic canonical pathway mutations in aggressive 
pediatric rhabdoid tumors. Pediatr Blood Cancer. 2012; 59: 1155-
1157.

34.	Lee RS, Stewart C, Carter SL, Ambrogio L, Cibulskis K, Sougnez C, et 
al. A remarkably simple genome underlies highly malignant pediatric 
rhabdoid cancers. J Clin Invest. 2012; 122: 2983-2988.

35.	Rorke LB, Packer RJ, Biegel JA. Central nervous system atypical 
teratoid/rhabdoid tumors of infancy and childhood: definition of an 
entity. J Neurosurg. 1996; 85: 56-65.

36.	Hoot AC, Russo P, Judkins AR, Perlman EJ, Biegel JA. 
Immunohistochemical analysis of hSNF5/INI1 distinguishes renal 
and extra-renal malignant rhabdoid tumors from other pediatric soft 
tissue tumors. Am J Surg Pathol. 2004; 28: 1485-1491. 

37.	Judkins AR, Mauger J, Ht A, Rorke LB, Biegel JA. Immunohistochemical 
analysis of hSNF5/INI1 in pediatric CNS neoplasms. Am J Surg Pathol. 
2004; 28: 644-650.

38.	Haberler C, Laggner U, Slavc I, Czech T, Ambros IM, Ambros PF, et al. 
Immunohistochemical analysis of INI1 protein in malignant pediatric 
CNS tumors: Lack of INI1 in atypical teratoid/rhabdoid tumors and 
in a fraction of primitive neuroectodermal tumors without rhabdoid 
phenotype. Am J Surg Pathol. 2006; 30: 1462-1468. 

39.	Judkins AR,  PC, Hamilton RL, Kleinschmidt-DeMasters B, Perry A, 
Pomeroy SL, et al. INI1 protein expression distinguishes atypical 
teratoid/rhabdoid tumor from choroid plexus carcinoma. J 
Neuropathol Exp Neurol. 2005; 64: 391-397. 

40.	Hornick JL, Dal Cin P, Fletcher CD. Loss of INI1 expression is 
characteristic of both conventional and proximal-type epithelioid 
sarcoma. Am J Surg Pathol. 2009; 33: 542-550.

41.	Patil S, Perry A, Maccollin M, Dong S, Betensky RA, Yeh TH, et al. 
Immunohistochemical analysis supports a role for INI1/SMARCB1 
in hereditary forms of schwannomas, but not in solitary, sporadic 
schwannomas. Brain pathology. 2008; 18: 517-519. 

42.	Cheng JX, Tretiakova M, Gong C, Mandal S, Krausz T, Taxy JB. Renal 
medullary carcinoma: rhabdoid features and the absence of INI1 
expression as markers of aggressive behavior. Modern pathology. 
2008; 2: 647-652.

43.	Hollmann TJ, Hornick JL. INI1-deficient tumors: diagnostic features 
and molecular genetics. Am J Surg Pathol. 2011; 35: e47-63.

44.	Biegel JA. Molecular genetics of atypical teratoid/rhabdoid tumor. 
Neurosurg Focus. 2006; 20: E11.

45.	Eaton KW, Tooke LS, Wainwright LM, Judkins AR, Biegel JA. Spectrum 
of SMARCB1/INI1 mutations in familial and sporadic rhabdoid 
tumors. Pediatr Blood Cancer. 2011; 56: 7-15.

46.	Kordes U, Gesk S, Frühwald MC, Graf N, Leuschner I, Hasselblatt M, et 
al. Clinical and molecular features in patients with atypical teratoid 
rhabdoid tumor or malignant rhabdoid tumor. Genes Chromosomes 
Cancer. 2010; 49: 176-181.

47.	Bruggers CS, Bleyl SB, Pysher T, Barnette P, Afify Z, Walker M, et al. 

http://www.ncbi.nlm.nih.gov/pubmed/19064966
http://www.ncbi.nlm.nih.gov/pubmed/19064966
http://www.ncbi.nlm.nih.gov/pubmed/15254056
http://www.ncbi.nlm.nih.gov/pubmed/15254056
http://www.ncbi.nlm.nih.gov/pubmed/15254056
http://www.ncbi.nlm.nih.gov/pubmed/15254056
http://www.ncbi.nlm.nih.gov/pubmed/12142780
http://www.ncbi.nlm.nih.gov/pubmed/12142780
http://www.ncbi.nlm.nih.gov/pubmed/12142780
http://www.ncbi.nlm.nih.gov/pubmed/19048188
http://www.ncbi.nlm.nih.gov/pubmed/19048188
http://www.ncbi.nlm.nih.gov/pubmed/19048188
http://www.ncbi.nlm.nih.gov/pubmed/19048188
http://www.ncbi.nlm.nih.gov/pubmed/19048188
http://www.ncbi.nlm.nih.gov/pubmed/18381756
http://www.ncbi.nlm.nih.gov/pubmed/18381756
http://www.ncbi.nlm.nih.gov/pubmed/18381756
http://www.ncbi.nlm.nih.gov/pubmed/18381756
http://www.ncbi.nlm.nih.gov/pubmed/18381756
http://www.ncbi.nlm.nih.gov/pubmed/18381756
http://www.ncbi.nlm.nih.gov/pubmed/16221059
http://www.ncbi.nlm.nih.gov/pubmed/16221059
http://www.ncbi.nlm.nih.gov/pubmed/16221059
http://www.ncbi.nlm.nih.gov/pubmed/15735125
http://www.ncbi.nlm.nih.gov/pubmed/15735125
http://www.ncbi.nlm.nih.gov/pubmed/15735125
http://www.ncbi.nlm.nih.gov/pubmed/15735125
http://www.ncbi.nlm.nih.gov/pubmed/21208904
http://www.ncbi.nlm.nih.gov/pubmed/21208904
http://www.ncbi.nlm.nih.gov/pubmed/21208904
http://www.ncbi.nlm.nih.gov/pubmed/8818656
http://www.ncbi.nlm.nih.gov/pubmed/8818656
http://www.ncbi.nlm.nih.gov/pubmed/8818656
http://www.ncbi.nlm.nih.gov/pubmed/1381945
http://www.ncbi.nlm.nih.gov/pubmed/1381945
http://www.ncbi.nlm.nih.gov/pubmed/1381945
http://www.ncbi.nlm.nih.gov/pubmed/10365963
http://www.ncbi.nlm.nih.gov/pubmed/10365963
http://www.ncbi.nlm.nih.gov/pubmed/10365963
http://www.ncbi.nlm.nih.gov/pubmed/7801128
http://www.ncbi.nlm.nih.gov/pubmed/7801128
http://www.ncbi.nlm.nih.gov/pubmed/7801128
http://www.ncbi.nlm.nih.gov/pubmed/19305156
http://www.ncbi.nlm.nih.gov/pubmed/19305156
http://www.ncbi.nlm.nih.gov/pubmed/19234488
http://www.ncbi.nlm.nih.gov/pubmed/19234488
http://www.ncbi.nlm.nih.gov/pubmed/14964309
http://www.ncbi.nlm.nih.gov/pubmed/14964309
http://www.ncbi.nlm.nih.gov/pubmed/21654818
http://www.ncbi.nlm.nih.gov/pubmed/21654818
http://www.ncbi.nlm.nih.gov/pubmed/10738300
http://www.ncbi.nlm.nih.gov/pubmed/10738300
http://www.ncbi.nlm.nih.gov/pubmed/10738300
http://www.ncbi.nlm.nih.gov/pubmed/10738300
http://www.ncbi.nlm.nih.gov/pubmed/9892189
http://www.ncbi.nlm.nih.gov/pubmed/9892189
http://www.ncbi.nlm.nih.gov/pubmed/9892189
http://www.ncbi.nlm.nih.gov/pubmed/5279523
http://www.ncbi.nlm.nih.gov/pubmed/5279523
http://www.ncbi.nlm.nih.gov/pubmed/19276269
http://www.ncbi.nlm.nih.gov/pubmed/19276269
http://www.ncbi.nlm.nih.gov/pubmed/19276269
http://www.ncbi.nlm.nih.gov/pubmed/19276269
http://www.ncbi.nlm.nih.gov/pubmed/19276269
http://www.ncbi.nlm.nih.gov/pubmed/22797305
http://www.ncbi.nlm.nih.gov/pubmed/22797305
http://www.ncbi.nlm.nih.gov/pubmed/22797305
http://www.ncbi.nlm.nih.gov/pubmed/15489652
http://www.ncbi.nlm.nih.gov/pubmed/15489652
http://www.ncbi.nlm.nih.gov/pubmed/15489652
http://www.ncbi.nlm.nih.gov/pubmed/15489652
http://www.ncbi.nlm.nih.gov/pubmed/15105654
http://www.ncbi.nlm.nih.gov/pubmed/15105654
http://www.ncbi.nlm.nih.gov/pubmed/15105654
http://www.ncbi.nlm.nih.gov/pubmed/17063089
http://www.ncbi.nlm.nih.gov/pubmed/17063089
http://www.ncbi.nlm.nih.gov/pubmed/17063089
http://www.ncbi.nlm.nih.gov/pubmed/17063089
http://www.ncbi.nlm.nih.gov/pubmed/17063089
http://www.ncbi.nlm.nih.gov/pubmed/15892296
http://www.ncbi.nlm.nih.gov/pubmed/15892296
http://www.ncbi.nlm.nih.gov/pubmed/15892296
http://www.ncbi.nlm.nih.gov/pubmed/15892296
http://www.ncbi.nlm.nih.gov/pubmed/19033866
http://www.ncbi.nlm.nih.gov/pubmed/19033866
http://www.ncbi.nlm.nih.gov/pubmed/19033866
http://www.ncbi.nlm.nih.gov/pubmed/18422762
http://www.ncbi.nlm.nih.gov/pubmed/18422762
http://www.ncbi.nlm.nih.gov/pubmed/18422762
http://www.ncbi.nlm.nih.gov/pubmed/18422762
http://www.nature.com/modpathol/journal/v21/n6/full/modpathol200844a.html
http://www.nature.com/modpathol/journal/v21/n6/full/modpathol200844a.html
http://www.nature.com/modpathol/journal/v21/n6/full/modpathol200844a.html
http://www.nature.com/modpathol/journal/v21/n6/full/modpathol200844a.html
http://www.ncbi.nlm.nih.gov/pubmed/21934399
http://www.ncbi.nlm.nih.gov/pubmed/21934399
http://www.ncbi.nlm.nih.gov/pubmed/16459991
http://www.ncbi.nlm.nih.gov/pubmed/16459991
http://www.ncbi.nlm.nih.gov/pubmed/21108436
http://www.ncbi.nlm.nih.gov/pubmed/21108436
http://www.ncbi.nlm.nih.gov/pubmed/21108436
http://www.ncbi.nlm.nih.gov/pubmed/19902524
http://www.ncbi.nlm.nih.gov/pubmed/19902524
http://www.ncbi.nlm.nih.gov/pubmed/19902524
http://www.ncbi.nlm.nih.gov/pubmed/19902524
http://www.ncbi.nlm.nih.gov/pubmed/20848638


Central

Sredni et al. (2014)
Email: 

Ann Clin Pathol 2(1): 1012 (2014) 6/7

Clinicopathologic comparison of familial versus sporadic atypical 
teratoid/rhabdoid tumors (AT/RT) of the central nervous system. 
Pediatric blood & cancer. 2011; 56: 1026-1031. 

48.	Fernandez C, Bouvier C, Sevenet N, Liprandi A, Coze C, Lena G, et al. 
Congenital disseminated malignant rhabdoid tumor and cerebellar 
tumor mimicking medulloblastoma in monozygotic twins: pathologic 
and molecular diagnosis. The American journal of surgical pathology. 
2002; 26: 266-270.

49.	Janson K, Nedzi LA, David O, Schorin M, Walsh JW, Bhattacharjee M, 
et al. Predisposition to atypical teratoid/rhabdoid tumor due to an 
inherited INI1 mutation. Pediatr Blood Cancer. 2006; 47: 279-284.

50.	Lee HY, Yoon CS, Sevenet N, Rajalingam V, Delattre O, Walford 
NQ. Rhabdoid tumor of the kidney is a component of the rhabdoid 
predisposition syndrome. Pediatr Dev Pathol. 2002; 5: 395-399. 

51.	Proust F, Laquerriere A, Constantin B, Ruchoux MM, Vannier JP, Fréger 
P. Simultaneous presentation of atypical teratoid/rhabdoid tumor in 
siblings. J Neurooncol. 1999; 43: 63-70.

52.	Sévenet N, Sheridan E, Amram D, Schneider P, Handgretinger 
R, Delattre O. Constitutional mutations of the hSNF5/INI1 gene 
predispose to a variety of cancers. Am J Hum Genet. 1999; 65: 1342-
1348.

53.	Taylor MD, Gokgoz N, Andrulis IL, Mainprize TG, Drake JM, Rutka JT. 
Familial posterior fossa brain tumors of infancy secondary to germline 
mutation of the hSNF5 gene. Am J Hum Genet. 2000; 66: 1403-1406.

54.	Ammerlaan AC, Ararou A, Houben MP, Baas F, Tijssen CC, Teepen 
JL, et al. Long-term survival and transmission of INI1-mutation via 
nonpenetrant males in a family with rhabdoid tumour predisposition 
syndrome. Br J Cancer. 2008; 98: 474-479.

55.	Kordes U, Bartelheim K, Modena P, Massimino M, Biassoni V, Reinhard 
H, et al. Favorable outcome of patients affected by rhabdoid tumors 
due to rhabdoid tumor predisposition syndrome (RTPS). Pediatr 
Blood Cancer. 2014; 61: 919-921.

56.	Modena P, Sardi I, Brenca M, Giunti L, Buccoliero AM, Pollo B, et al. Case 
report: long-term survival of an infant syndromic patient affected by 
atypical teratoid-rhabdoid tumor. BMC Cancer. 2013; 13: 100.

57.	Lynch HT, Shurin SB, Dahms BB, Izant RJ Jr, Lynch J, Danes BS. 
Paravertebral malignant rhabdoid tumor in infancy. In vitro studies of 
a familial tumor. Cancer. 1983; 52: 290-296.

58.	Fruhwald MC, Hasselblatt M, Wirth S, Kohler G, Schneppenheim R, 
Subero JI, et al. Non-linkage of familial rhabdoid tumors to SMARCB1 
implies a second locus for the rhabdoid tumor predisposition 
syndrome. Pediatric blood & cancer. 2006; 47: 273-278. 

59.	Harris TJ, Donahue JE, Shur N, Tung GA. Case 168: rhabdoid 
predisposition syndrome--familial cancer syndromes in children. 
Radiology. 2011; 259: 298-302.

60.	Witkowski L, Lalonde E, Zhang J, Albrecht S, Hamel N, Cavallone L, et 
al. Familial rhabdoid tumour ‘avant la lettre’--from pathology review 
to exome sequencing and back again. J Pathol. 2013; 231: 35-43.

61.	Savla J, Chen TT, Schneider NR, Timmons CF, Delattre O, Tomlinson 
GE. Mutations of the hSNF5/INI1 gene in renal rhabdoid tumors with 
second primary brain tumors. J Natl Cancer Inst. 2000; 92: 648-650.

62.	Schneppenheim R, Fruhwald MC, Gesk S, Hasselblatt M, Jeibmann A, 
Kordes U, et al. Germline nonsense mutation and somatic inactivation 
of SMARCA4/BRG1 in a family with rhabdoid tumor predisposition 
syndrome. American journal of human genetics. 2010; 86: 279-284. 

63.	MacCollin M, Chiocca EA, Evans DG, Friedman JM, Horvitz R, Jaramillo 
D, et al. Diagnostic criteria for schwannomatosis. Neurology. 2005; 64: 
1838-1845.

64.	MacCollin M, Woodfin W, Kronn D, Short MP. Schwannomatosis: a 
clinical and pathologic study. Neurology. 1996; 46: 1072-1079.

65.	Jacoby LB, Jones D, Davis K, Kronn D, Short MP, Gusella J, et al. Molecular 
analysis of the NF2 tumor-suppressor gene in schwannomatosis. Am J 
Hum Genet. 1997; 61: 1293-1302.

66.	Kaufman DL, Heinrich BS, Willett C, Perry A, Finseth F, Sobel RA, et al. 
Somatic instability of the NF2 gene in schwannomatosis. Arch Neurol. 
2003; 60: 1317-1320.

67.	MacCollin M, Willett C, Heinrich B, Jacoby LB, Acierno JS Jr, Perry A, 
et al. Familial schwannomatosis: exclusion of the NF2 locus as the 
germline event. Neurology. 2003; 60: 1968-1974.

68.	Boyd C, Smith MJ, Kluwe L, Balogh A, Maccollin M, Plotkin SR. 
Alterations in the SMARCB1 (INI1) tumor suppressor gene in familial 
schwannomatosis. Clin Genet. 2008; 74: 358-366.

69.	Hadfield KD, Newman WG, Bowers NL, Wallace A, Bolger C, Colley A, 
et al. Molecular characterisation of SMARCB1 and NF2 in familial and 
sporadic schwannomatosis. J Med Genet. 2008; 45: 332-339.

70.	Hulsebos TJ, Plomp AS, Wolterman RA, Robanus-Maandag EC, Baas 
F, Wesseling P. Germline mutation of INI1/SMARCB1 in familial 
schwannomatosis. Am J Hum Genet. 2007; 80: 805-810.

71.	Rousseau G, Noguchi T, Bourdon V, Sobol H, Olschwang S. 
SMARCB1/INI1 germline mutations contribute to 10% of sporadic 
schwannomatosis. BMC Neurol. 2011; 11: 9.

72.	Sestini R, Bacci C, Provenzano A, Genuardi M, Papi L. Evidence of a four-
hit mechanism involving SMARCB1 and NF2 in schwannomatosis-
associated schwannomas. Hum Mutat. 2008; 29: 227-231.

73.	Hulsebos TJ, Kenter SB, Jakobs ME, Baas F, Chong B, Delatycki MB. 
SMARCB1/INI1 maternal germ line mosaicism in schwannomatosis. 
Clin Genet. 2010; 77: 86-91.

74.	Boyd C, Smith MJ, Kluwe L, Balogh A, Maccollin M, Plotkin SR. 
Alterations in the SMARCB1 (INI1) tumor suppressor gene in familial 
schwannomatosis. Clin Genet. 2008; 74: 358-366.

75.	Plotkin SR, Blakeley JO, Evans DG, Hanemann CO, Hulsebos TJ, 
Hunter-Schaedle K, et al. Update from the 2011 International 
Schwannomatosis Workshop: From genetics to diagnostic criteria. Am 
J Med Genet A. 2013; 161A: 405-416.

76.	Smith MJ, Wallace AJ, Bowers NL, Rustad CF, Woods CG, Leschziner 
GD, et al. Frequency of SMARCB1 mutations in familial and sporadic 
schwannomatosis. Neurogenetics. 2012; 13: 141-145.

77.	Carter JM, O’Hara C, Dundas G, Gilchrist D, Collins MS, Eaton K, et 
al. Epithelioid malignant peripheral nerve sheath tumor arising in a 
schwannoma, in a patient with “neuroblastoma-like” schwannomatosis 
and a novel germline SMARCB1 mutation. The American journal of 
surgical pathology. 2012; 36: 154-160. 

78.	Rizzo D, Fréneaux P, Brisse H, Louvrier C, Lequin D, Nicolas A, et al. 
SMARCB1 deficiency in tumors from the peripheral nervous system: a 
link between schwannomas and rhabdoid tumors? Am J Surg Pathol. 
2012; 36: 964-972.

79.	Swensen JJ, Keyser J, Coffin CM, Biegel JA, Viskochil DH, Williams MS. 
Familial occurrence of schwannomas and malignant rhabdoid tumour 
associated with a duplication in SMARCB1. J Med Genet. 2009; 46: 68-
72.

80.	Smith MJ, Walker JA, Shen Y, Stemmer-Rachamimov A, Gusella JF, 
Plotkin SR. Expression of SMARCB1 (INI1) mutations in familial 
schwannomatosis. Hum Mol Genet. 2012; 21: 5239-5245.

81.	Bacci C, Sestini R, Provenzano A, Paganini I, Mancini I, Porfirio B, et 
al. Schwannomatosis associated with multiple meningiomas due to a 
familial SMARCB1 mutation. Neurogenetics. 2010; 11: 73-80.

http://www.ncbi.nlm.nih.gov/pubmed/20848638
http://www.ncbi.nlm.nih.gov/pubmed/20848638
http://www.ncbi.nlm.nih.gov/pubmed/20848638
http://www.ncbi.nlm.nih.gov/pubmed/19064966
http://www.ncbi.nlm.nih.gov/pubmed/19064966
http://www.ncbi.nlm.nih.gov/pubmed/19064966
http://www.ncbi.nlm.nih.gov/pubmed/19064966
http://www.ncbi.nlm.nih.gov/pubmed/19064966
http://www.ncbi.nlm.nih.gov/pubmed/12016529
http://www.ncbi.nlm.nih.gov/pubmed/12016529
http://www.ncbi.nlm.nih.gov/pubmed/12016529
http://www.ncbi.nlm.nih.gov/pubmed/10521299
http://www.ncbi.nlm.nih.gov/pubmed/10521299
http://www.ncbi.nlm.nih.gov/pubmed/10521299
http://www.ncbi.nlm.nih.gov/pubmed/10521299
http://www.ncbi.nlm.nih.gov/pubmed/10739763
http://www.ncbi.nlm.nih.gov/pubmed/10739763
http://www.ncbi.nlm.nih.gov/pubmed/10739763
http://www.ncbi.nlm.nih.gov/pubmed/18087273
http://www.ncbi.nlm.nih.gov/pubmed/18087273
http://www.ncbi.nlm.nih.gov/pubmed/18087273
http://www.ncbi.nlm.nih.gov/pubmed/18087273
http://www.ncbi.nlm.nih.gov/pubmed/24123847
http://www.ncbi.nlm.nih.gov/pubmed/24123847
http://www.ncbi.nlm.nih.gov/pubmed/24123847
http://www.ncbi.nlm.nih.gov/pubmed/24123847
http://www.ncbi.nlm.nih.gov/pubmed/23510391
http://www.ncbi.nlm.nih.gov/pubmed/23510391
http://www.ncbi.nlm.nih.gov/pubmed/23510391
http://www.ncbi.nlm.nih.gov/pubmed/6861072
http://www.ncbi.nlm.nih.gov/pubmed/6861072
http://www.ncbi.nlm.nih.gov/pubmed/6861072
http://www.ncbi.nlm.nih.gov/pubmed/16206192
http://www.ncbi.nlm.nih.gov/pubmed/16206192
http://www.ncbi.nlm.nih.gov/pubmed/16206192
http://www.ncbi.nlm.nih.gov/pubmed/16206192
http://www.ncbi.nlm.nih.gov/pubmed/21436099
http://www.ncbi.nlm.nih.gov/pubmed/21436099
http://www.ncbi.nlm.nih.gov/pubmed/21436099
http://www.ncbi.nlm.nih.gov/pubmed/23775540
http://www.ncbi.nlm.nih.gov/pubmed/23775540
http://www.ncbi.nlm.nih.gov/pubmed/23775540
http://www.ncbi.nlm.nih.gov/pubmed/10772683
http://www.ncbi.nlm.nih.gov/pubmed/10772683
http://www.ncbi.nlm.nih.gov/pubmed/10772683
http://www.ncbi.nlm.nih.gov/pubmed/20137775
http://www.ncbi.nlm.nih.gov/pubmed/20137775
http://www.ncbi.nlm.nih.gov/pubmed/20137775
http://www.ncbi.nlm.nih.gov/pubmed/20137775
http://www.ncbi.nlm.nih.gov/pubmed/15955931
http://www.ncbi.nlm.nih.gov/pubmed/15955931
http://www.ncbi.nlm.nih.gov/pubmed/15955931
http://www.ncbi.nlm.nih.gov/pubmed/8780094
http://www.ncbi.nlm.nih.gov/pubmed/8780094
http://www.ncbi.nlm.nih.gov/pubmed/9399891
http://www.ncbi.nlm.nih.gov/pubmed/9399891
http://www.ncbi.nlm.nih.gov/pubmed/9399891
http://www.ncbi.nlm.nih.gov/pubmed/12975302
http://www.ncbi.nlm.nih.gov/pubmed/12975302
http://www.ncbi.nlm.nih.gov/pubmed/12975302
http://www.ncbi.nlm.nih.gov/pubmed/12821741
http://www.ncbi.nlm.nih.gov/pubmed/12821741
http://www.ncbi.nlm.nih.gov/pubmed/12821741
http://www.ncbi.nlm.nih.gov/pubmed/18647326
http://www.ncbi.nlm.nih.gov/pubmed/18647326
http://www.ncbi.nlm.nih.gov/pubmed/18647326
http://www.ncbi.nlm.nih.gov/pubmed/17357086
http://www.ncbi.nlm.nih.gov/pubmed/17357086
http://www.ncbi.nlm.nih.gov/pubmed/17357086
http://www.ncbi.nlm.nih.gov/pubmed/21255467
http://www.ncbi.nlm.nih.gov/pubmed/21255467
http://www.ncbi.nlm.nih.gov/pubmed/21255467
http://www.ncbi.nlm.nih.gov/pubmed/18072270
http://www.ncbi.nlm.nih.gov/pubmed/18072270
http://www.ncbi.nlm.nih.gov/pubmed/18072270
http://www.ncbi.nlm.nih.gov/pubmed/19912265
http://www.ncbi.nlm.nih.gov/pubmed/19912265
http://www.ncbi.nlm.nih.gov/pubmed/19912265
http://www.ncbi.nlm.nih.gov/pubmed/18647326
http://www.ncbi.nlm.nih.gov/pubmed/18647326
http://www.ncbi.nlm.nih.gov/pubmed/18647326
http://www.ncbi.nlm.nih.gov/pubmed/23401320
http://www.ncbi.nlm.nih.gov/pubmed/23401320
http://www.ncbi.nlm.nih.gov/pubmed/23401320
http://www.ncbi.nlm.nih.gov/pubmed/23401320
http://www.ncbi.nlm.nih.gov/pubmed/22434358
http://www.ncbi.nlm.nih.gov/pubmed/22434358
http://www.ncbi.nlm.nih.gov/pubmed/22434358
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3241826/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3241826/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3241826/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3241826/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3241826/
http://www.ncbi.nlm.nih.gov/pubmed/22614000
http://www.ncbi.nlm.nih.gov/pubmed/22614000
http://www.ncbi.nlm.nih.gov/pubmed/22614000
http://www.ncbi.nlm.nih.gov/pubmed/22614000
http://www.ncbi.nlm.nih.gov/pubmed/19124645
http://www.ncbi.nlm.nih.gov/pubmed/19124645
http://www.ncbi.nlm.nih.gov/pubmed/19124645
http://www.ncbi.nlm.nih.gov/pubmed/19124645
http://www.ncbi.nlm.nih.gov/pubmed/22949514
http://www.ncbi.nlm.nih.gov/pubmed/22949514
http://www.ncbi.nlm.nih.gov/pubmed/22949514
http://www.ncbi.nlm.nih.gov/pubmed/19582488
http://www.ncbi.nlm.nih.gov/pubmed/19582488
http://www.ncbi.nlm.nih.gov/pubmed/19582488


Central

Sredni et al. (2014)
Email: 

Ann Clin Pathol 2(1): 1012 (2014) 7/7

82.	Christiaans I, Kenter SB, Brink HC, van Os TA, Baas F, van den Munckhof 
P, et al. Germline SMARCB1 mutation and somatic NF2 mutations in 
familial multiple meningiomas. J Med Genet. 2011; 48: 93-97.

83.	Melean G, Velasco A, Hernández-Imaz E, Rodríguez-Álvarez FJ, Martín 
Y, Valero A, et al. RNA-based analysis of two SMARCB1 mutations 
associated with familial schwannomatosis with meningiomas. 
Neurogenetics. 2012; 13: 267-274.

84.	van den Munckhof P, Christiaans I, Kenter SB, Baas F, Hulsebos TJ. 
Germline SMARCB1 mutation predisposes to multiple meningiomas 
and schwannomas with preferential location of cranial meningiomas 
at the falx cerebri. Neurogenetics. 2012; 13: 1-7. 

85.	Hasselblatt M, Oyen F, Gesk S, Kordes U, Wrede B, Bergmann M, et 
al. Cribriform neuroepithelial tumor (CRINET): a nonrhabdoid 

ventricular tumor with INI1 loss and relatively favorable prognosis. 
Journal of neuropathology and experimental neurology. 2009; 68: 
1249-1255. 

86.	Arnold MA, Stallings-Archer K, Marlin E, Grondin R, Olshefski R, 
Biegel JA, et al. Cribriform neuroepithelial tumor arising in the lateral 
ventricle. Pediatric and developmental pathology. 2013; 16: 301-307.

87.	Ibrahim GM, Huang A, Halliday W, Dirks PB, Malkin D, Baskin B, et 
al. Cribriform neuroepithelial tumour: novel clinicopathological, 
ultrastructural and cytogenetic findings. Acta neuropathologica. 
2011; 22: 511-514. 

88.	Park JY, Kim E, Kim DW, Chang HW, Kim SP. Cribriform neuroepithelial 
tumor in the third ventricle: a case report and literature review. 
Neuropathology. 2012; 32: 570-576. 

Sredni ST, Tomita T (2014) Rhabdoid Tumor Predisposition Syndrome (Rtps), Familial Schwannomatosis and Other Conditions Related To Smarcb1/Ini1 Abnor-
malities. Ann Clin Pathol 2(1): 1012.

Cite this article

http://www.ncbi.nlm.nih.gov/pubmed/20930055
http://www.ncbi.nlm.nih.gov/pubmed/20930055
http://www.ncbi.nlm.nih.gov/pubmed/20930055
http://www.ncbi.nlm.nih.gov/pubmed/22752724
http://www.ncbi.nlm.nih.gov/pubmed/22752724
http://www.ncbi.nlm.nih.gov/pubmed/22752724
http://www.ncbi.nlm.nih.gov/pubmed/22752724
http://www.ncbi.nlm.nih.gov/pubmed/22038540
http://www.ncbi.nlm.nih.gov/pubmed/22038540
http://www.ncbi.nlm.nih.gov/pubmed/22038540
http://www.ncbi.nlm.nih.gov/pubmed/22038540
http://www.ncbi.nlm.nih.gov/pubmed/19915490
http://www.ncbi.nlm.nih.gov/pubmed/19915490
http://www.ncbi.nlm.nih.gov/pubmed/19915490
http://www.ncbi.nlm.nih.gov/pubmed/19915490
http://www.ncbi.nlm.nih.gov/pubmed/19915490
http://www.ncbi.nlm.nih.gov/pubmed/?term=23495723
http://www.ncbi.nlm.nih.gov/pubmed/?term=23495723
http://www.ncbi.nlm.nih.gov/pubmed/?term=23495723
http://link.springer.com/article/10.1007%2Fs00401-011-0872-5
http://link.springer.com/article/10.1007%2Fs00401-011-0872-5
http://link.springer.com/article/10.1007%2Fs00401-011-0872-5
http://link.springer.com/article/10.1007%2Fs00401-011-0872-5
http://www.ncbi.nlm.nih.gov/pubmed/22239490
http://www.ncbi.nlm.nih.gov/pubmed/22239490
http://www.ncbi.nlm.nih.gov/pubmed/22239490

	Rhabdoid Tumor Predisposition Syndrome (Rtps), Familial Schwannomatosis and Other Conditions Related
	Abstract
	Introduction
	Genetics
	Histology
	Rhabdoid Tumor Predisposition syndrome-rtps
	A Second Locus for Rhabdoid Tumor Predisposition Syndrome
	Schwannomatosis
	Schwannomatosis and Rhabdoid Tumors
	Schwannomatosis and other Tumors
	Cribriform neuroepithelial tumors (CRINET)

	Conclusion
	Acknowledgement
	References

