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The Rubinstein-Taybi syndrome (RSTS) is a rare congenital developmental disorder characterized by a typical

facial dysmorphism, distal limb abnormalities, intellectual disability, and many additional phenotypical features. It

occurs at between 1/100,000 and 1/125,000 births.

Rubinstein-Taybi syndrome  CREBBP  EP300  epigenetics  chromatin  acetylation

chromatinopathies  phenotype  genotype

1. Introduction

Rubinstein-Taybi syndrome (RSTS; OMIM #180849, OMIM #613684), formerly called thumb syndrome and hallux

larges, is a rare neurodevelopmental genetic abnormality whose incidence is currently estimated between

1/100,000 and 1/125,000 births . The transmission is autosomal dominant and the vast majority of cases (~99%)

occur sporadically de novo although a few familial cases have been reported .

This syndrome is now well-defined phenotypically and is characterized primarily by post-natal growth retardation,

characteristic facial dysmorphia, large thumbs and hallux, and intellectual deficit . There are no pathognomonic

criteria for RSTS but there is a broad phenotypic spectrum associated with these cardinal signs. Multiple

malformations are reported, including cardiac, genitourinary, digestive, Ear-Nose-Throat (ENT), and skin

malformations. Patients also present an increased risk of developing benign tumors .

Pathogenic variants in two highly evolutionarily conserved genes have been implicated in the etiology of RSTS: the

CREBBP gene encoding the cAMP response element-binding protein (CREB) binding protein (NM_600140)

located in 16p13.3  and the EP300 gene encoding the EA1-associated protein p300 (NM_602700) located in

22q13 . These two genes are ubiquitously expressed and encode acetyltransferases with a major role in histone

acetylation and chromatin remodeling involved notably in neuronal plasticity and cognition . The Rubinstein-

Taybi syndrome is a developmental disorder whose physiopathology is based primarily on an epigenetic

mechanism, belonging thereby to the group of “Chromatinopathies” defined as Mendelian disorders of the

epigenetic machinery, as reviewed in .

2. Clinical Description
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In 1957, the first description of this syndrome was reported by Michail et al. , as a case presenting wide thumbs

with a radial deviation. However, this syndrome remained relatively unknown until 1960 when J. H. Rubinstein, a

pediatrician, and H. Taybi, a radiologist, reported seven children with large thumbs and hallux and minor facial

feature and intellectual disability . Since then, this syndrome has been clearly identified as a severe abnormality

of embryonic development.

Figure 1. Physical features in RSTS patients. (A) Evolution of the phenotype from birth to adulthood. The glabellar

hemangioma classically disappears during childhood. The palpebral slits are more oriented downward and

outward. Nasal features are more obvious with a prominent nose and a protruding columella. The characteristic

grimacing smile with closure of the palpebral fissures and bilateral and asymmetric ptosis of the eyelids can also be

noted. The patient on the left was previously reported at 2 months of age by Lacombe et al. . The patients in the

middle and on the right have not been reported in any publication to date and were 4 and 33 years old,

respectively, at the time of description. (B) Distal limb abnormalities with broad thumbs and halluces. Characteristic

aspect of short, broad hands with broad thumbs with radial deviation and spatulate last phalanges; enlarged

halluces are a near-constant sign. (C) Additional classic features in RSTS. We can note the formation of a keloid

scar post-sternotomy for cardiac surgery; the highly arched palate with the presence of talon cusps of the four
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upper incisors and the dental caries of the premolars; the hypertrichosis and the risk of being overweight or obese

during adolescence.

3. Genotype and Mutation Spectrum

Rubinstein-Taybi syndrome is inherited as an autosomal dominant trait. However, the occurrence is sporadic in the

large majority of cases (~99%), with mutation occurring de novo in the family. In most families, the index case is the

only member with the disease. However, cases of moderately affected relatives by somatic mosaicism have been

reported  up to familial forms transmitted by one affected parent , confirming the clinical

heterogeneity of the syndrome.

Historically, the location of the first gene involved in RSTS at 16p13.3 was identified by Imaizumi et al. in 1991 

 and confirmed in 1992 by the works of Lacombe et al.  and Tommerup et al. . Then, in 1995, Petrij et al.

 identified this gene as CREBBP which encodes the cAMP response element-binding protein (CREB) binding

protein. Initially, this protein was given this name because it was described as a partner of the CREB transcription

factor . Ten years later, mutations were identified in a CREBBP paralog gene, EP300 as an alternative cause of

RSTS . EP300 encodes the p300 protein that was originally described as a factor interacting with the EA1

protein of adenovirus type 5 .

The syndrome has been subdivided into type 1 associated with the CREBBP mutation spectrum (RSTS1; OMIM

#180849) and type 2 associated with the EP300 mutation spectrum (RSTS2; OMIM #613684). The frequency of

abnormalities in the responsible CREBBP gene is approximately 55–75% of cases .

To date, 500 pathogenic variants in this gene have been referenced as causing RSTS1 (55 of which are

unpublished) based on the HGMDPro variant and LOVD databases (analyzed on 27 April 2021)  (Tables S1

and S3). The mutational spectrum includes 80.2% point mutations of which 55.2% are truncating mutations, 9.2%

splicing mutations, and 16.8% missense mutations, 18.8% correspond to large rearrangements  (Figure 2A).

There are no real hot spot mutations in CREBBP with a mutational spectrum distributed along the 31 exons.

However, some recurrent mutations have been described and it is noted that about 52% of the reported missense

mutations are located in the lysine acetyltranferase (KAT domain) . An exception to this is the presence of an

unstable region of CREBBP located between introns 1 and 2, characterized by a high frequency of repeated or

palindromic sequences resulting in recurrent rearrangements in this region . The presence of these

heterozygous mutations or microrearrangements suggests a haploinsufficiency mechanism leading to the

developmental abnormalities observed in the syndrome.
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Figure 2. Mutation spectrum of CREBBP and EP300 in RSTS individuals referenced in the literature and

HGMDPro variant or LOVD databases . (A) Repartition of all 500 pathogenic variants in CREBBP gene

referenced as causing RSTS1 including 84 nonsense mutations, 192 frameshift mutations, 46 splicing mutations,

84 missense mutations, 75 intragenic deletions, 14 deletions including the entire CREBBP gene, and 5 other

abnormalities (2 intragenic duplications and 3 complex rearrangements). (B) Repartition of all 118 pathogenic

variants in EP300 gene referenced as causing RSTS2 including 26 nonsense mutations, 56 frameshift mutations, 6

splicing mutations, 16 missense mutations, 11 intragenic deletions, and 3 deletions encompassing the entire

EP300 gene.

Abnormalities in the EP300 gene are responsible for about 8–11% of cases .

To date, 118 pathogenic variants in this gene have been referenced as causing RSTS2 (eight of which are

unpublished) based on HGMDPro variant and LOVD databases (on 27 April 2021)  (Tables S2 and S3). The

mutational spectrum includes 84.7% point mutations of which 69.5% are truncating mutations, 5.1% splicing

mutations, and 13.6% missense mutations for 11.8% large rearrangements  (Figure 2B). Like CREBBP,

there is no hot spot mutation in EP300, with only four pathogenic variants referenced more than twice in the

databases: three in the catalytic domain and one in exon 2 . In contrast, almost all of the predicted

pathogenic missense mutations of EP300-associated RSTS are located in the KAT domain. Only three patients

with RSTS have been reported in the literature with a missense mutation in EP300 out of KAT domain. However,

each of these mutations was inherited from a healthy parent, making the pathogenic involvement of these variants

difficult.

CREBBP and EP300 contain 31 exons and span approximately 155 kilobases (kb) and 87 kb, respectively 

. The CBP (or KAT3A) and p300 (or KAT3B) proteins are paralogous transcriptional coactivators with intrinsic

KAT activity. They are the only two members of the KAT3 family due to their low sequence homology to other

acetyltransferases in the human genome  (Figure 3). They share a similar structure with different functional

domains, including different types of protein–protein interaction motifs, and have high sequence identity (58%
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overall). On the N-terminal side, there is a nuclear receptor interaction domain (NRID or RID), that can bind to

PXXP motifs. There are three cysteine-histidine-rich regions (C/H1 to C/H3) involved in protein–protein

interactions. The C/H1 and C/H3 domains contain zinc finger transcriptional adapters (TAZ1 and TAZ2), and the

C/H3 domain also contains a ZZ zinc finger domain and interacts with the EA1 oncoprotein. C/H2 contains a

homeodomain (PHD). The catalytic domain has been highly conserved during evolution with 86% of similarity

between CBP and p300. It includes a KAT domain and flanking regions (Bromodomain, C/H2, and C/H3 regions)

. Other non-catalytic domains show a high sequence similarity. The KIX domain allows the interaction of

CREB, specifically at phosphorylated residue 133 (Ser133) of the CREB protein, with other transcription factors,

and finally, a bromodomain (BD) links acetylated lysines . On the C-terminal side of p300/CBP, there is an

interferon-binding transactivation domain (IBiD), which contains a nuclear binding coactivator domain (NCBD) and

a glutamine-rich domain, followed by a proline-containing PxP motif  (Figure 3).

Figure 3. Structure of CBP and p300. The CBP protein is composed of 2442 amino acids (AA) and has a

molecular weight of approximately 265 kDa. The p300 protein is composed of 2414 AA and has a molecular weight

of approximately 265 kDa. These two proteins present 58% of sequence similarity within their domains. The

different domains are represented and correspond to an N-terminal nuclear receptor interaction domain (NRID or

RID), three cysteine-histidine rich regions (C/H1 and C/H3 domains contain zinc finger transcriptional adapters

(TAZ1 and TAZ2), and C/H2 contains a homeodomain (PHD)), a KIX domain, a Bromodomain, a Lysine

acetyltransferase domain (KAT) and an interferon-binding transactivation domain (IBiD). The position of the

different domains is indicated relative to the position in the amino acid sequence. The catalytic domain has been

highly conserved during evolution with 86% of similarity between CBP and p300 including the KAT domain and

flanking regions.

These two proteins are able to interact with the basic transcription factors, TATA-binding protein (TBP) and TFIIB,

and can form a complex with RNApolII . These interactions allow KAT3 enzymes to play a crucial role in

transcription initiation. They are also cofactors for oncoproteins, for viral protein processing (e.g., E1A), or for tumor

suppressor proteins (e.g., p53 or BRCA1) . Thus, CBP and p300 promote transcription in two ways: on one

hand, they act as a bridge, linking transcription factors binding DNA to the transcription machinery, and on the other

hand, by acetylation of histones, they create a chromatin environment favoring gene expression (Figure 4). This

histone acetylation will play a key role in transcriptional activation by two distinct molecular mechanisms. Firstly,
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acetylation will partially neutralize the positive charge of histones, which will weaken their interaction with DNA.

This will allow the opening of the chromatin structure and thus facilitate the access of transcription factors to their

recognition elements . Secondly, acetylated lysines can create a specific signal for regulatory factors or

chromatin remodeling complexes to target a specific region. In contrast, histone deacetylation mediated by histone

deacetylase (HDAC) will be associated with the repression of gene expression . Apart from transcription, p300

and CBP act indirectly in other nuclear processes through their interaction with several proteins (which they often

acetylate) involved in DNA replication and repair . They have also been implicated in the regulation of cell

cycle progression through interactions with cyclin E and cyclin-dependent kinase 260, as well as in intranuclear

transport through acetylation of importin-α .

Figure 4. Functions of CBP/p300 as scaffold, bridge, and lysine acetyl transferase (KAT) activity. CBP and p300

act as transcriptional co-activators of target genes by different mechanisms: (1) Scaffolding function allowing the

recruitment of transcription factors (TF) and in particular CREB; (2) Binding function by facilitating the physical and

functional interactions of TFs; (3) KAT function by catalyzing the transfer of acetyl groups on lysine residues of both

histone tails and non-histone proteins such as the RNApolIIcomplex and TFs. TBP: TATA binding protein; TF:

transcription factor; Ac: acetyl group.

4. Phenotype-Genotype Correlations

Early studies of phenotype-genotype correlations, prior to the discovery of the involvement of the EP300 gene,

initially compared CREBBP-mutated patients to patients with a clinical diagnosis without mutations identified in

CREBBP . The comparison of groups with and without identified mutations, across all these studies, did

not reveal significant differences in phenotypic aspects, level of psychomotor or intellectual development,

prevalence of organ malformations, or tumor predisposition.

Subsequently, the description of patients with EP300 mutation allowed comparisons between RTS1-related

CREBBP and RSTS2-related EP300 patients. These studies have shown that the phenotype of EP300 mutation

carriers is similar to those of CREBBP but in a milder form . More recent studies on larger

cohorts have confirmed these results by refining the phenotypic aspects. The facial appearance is less marked

except for the protruding columella which appears equally frequent in both populations. Extremity anomalies are

similar to those seen in CREBBP-mutated patients but are less frequent. The exception to this is the absence of

radial deviation of the thumb in almost all EP300-mutated patients . Similarly, all degrees of intellectual
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deficits are observed but in general, the cognitive level is higher in EP300-mutated patients. Notably, microcephaly

is significantly more observed in EP300-mutated patients (83–86% of cases) compared to CREBBP-mutated

patients (54% of cases). There was no significant difference in the existence of organ malformations between the

two groups of patients . Several studies have reported a higher rate of intra uterine growth retardation

(IUGR) as well as cases of pre-eclampsia and gestational hypertension in pregnancies of children carrying a

mutation in EP300 . The works of Fergelot et al. and Cohen et al. tends to confirm this observation, since

42% to 50% of patients with EP300 mutations developed IUGR, compared to 25% of the CREBBP cohort .

Furthermore, in the general population, the rate of preeclampsia during pregnancy is estimated to be between 5%

and 8%  compared with 23% to 33% of EP300 cases and 3% of CREBBP cases. The main clinical findings and

their frequency in RSTS1 individuals compared to RSTS2 individuals are summarized in Table 1.

Table 1. Summary of the main phenotypic features in RSTS individuals carrying a CREBBP mutation compared to

RSTS individuals with an EP300 mutation reported in the literature. According to Fergelot et al., Yu et al., Pérez-

Grijalba et al., Cross et al., and Cohen et al. .
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Phenotypic Features CREBBP (n = 422) EP300 (n = 74)
Percentage Number Percentage Number

Intrauterine growth retardation 25 55/220 43.1 25/58

Preeclampsia 3.4 2/59 25 16/64

Postnatal growth retardation 62.3 203/326 59.7 43/72

Microcephaly 52.7 129/245 82.4 61/74

Hypertrichosis 76.4 123/161 47.4 27/57

Facial dysmorphism        

    Arched eyebrows 85.6 119/139 65.6 42/64

    Long eyelashes 88.6 109/123 83.6 51/61

    Downslanted palpebral fissures 81.1 258/318 51.6 33/64

    Beaked nose 81.7 272/333 37.5 24/64

    Columella below alae nasi 87.4 228/261 82.8 53/64

    Highly arched palate 79.8 197/247 56.1 32/57

    Micrognathia 64.2 149/232 40.6 26/64

    Grimacing smile 94.9 112/118 36.8 21/57

    Low-set ears 51.1 112/219 23.4 15/64
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A correlation between the severity of the phenotype and the presence of large exonic deletions or alterations in

function-relevant protein domains or leading to a truncated protein before the KAT domain has been initially

suggested . Thanks to recent studies, no significant phenotype/genotype correlation could be shown

between the phenotype and the mutation type and location or deletion size for either CREBBP or EP300 genes in

RSTS patients .

However, a new clinical entity has recently emerged with the identification of missense mutations between the end

of exon 30 and the beginning of exon 31 of CREBBP and EP300 related non-RSTS phenotype, referred to as

Menke-Hennekam syndrome (MKHK, OMIM #618332) . Patients present a different syndrome which is not

RSTS with severe developmental delay, microcephaly, telecanthus, short upturned palpebral fissures, ptosis,

depressed nasal bridge, short nose, short columella, anteverted nares, long deep philtrum, low-set ears with a

protruding upper part, and fibular deviation of the distal phalanx. These missense variants are located at the ZNF2

(zinc finger, ZZ type) and ZNF3 (zinc finger, TAZ type) domains, which contain cysteine residues important for

Zn2+ binding. These domains are involved in stabilizing a helical fold that provides binding interactions with many

transcriptional regulatory proteins . These data suggest that this group of mutations specifically affects the

binding properties of the two zinc finger domains to different CREBBP partners by affecting their own folding.

5. Conclusions and Perspectives

New generation sequencing techniques have improved the understanding of the genetic heterogeneity of the

syndrome but also widened the phenotypic spectrum of RSTS by encompassing the broader field of

chromatinopathies rendering phenotype/genotype correlations more complex (Figure 6). The emergence of multi-

omics approaches, the integration of transcriptomic data coupled to DNA and histone modification profiles, and the

development of patient-derived cellular models will likely contribute to a better definition of a specific epigenetic

signature to the syndrome.

Phenotypic Features CREBBP (n = 422) EP300 (n = 74)
Percentage Number Percentage Number

Broad thumbs/halluces 92.3 373/404 59.5 44/74

Angulated thumbs 56.4 184/326 4.8 3/63

Intellectual disability 82.2 287/349 84.9 62/73

    Severe 35.9 33/92 7.3 3/41

    Moderate 47.8 44/92 26.8 11/41

    Mild 14.1 13/92 65.9 27/41

Autism/Behavioral problems 49.4 78/158 21.3 13/61

Cardiovascular anomalies 34.5 99/287 29 20/69

Urinary tract anomalies 37.4 61/163 26.3 15/57
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Figure 6. RSTS phenotypic overlap. Next-generation sequencing techniques have increased the number of

genomic alterations identified and associated with RSTS phenotype and the phenotypic spectrum leading to

complex phenotype/genotype correlations. CREBBP-mutated individuals present for the majority, a typical clinical

diagnosis of RSTS, but the identification of missense mutations in exons 30 and 31 of the gene in patients with

non-RSTS phenotype led to the definition of a new clinical entity: the Menke-Hennekam syndrome. EP300-mutated

individuals display a wide clinical spectrum ranging from typical but milder RSTS phenotype to non-syndromic

intellectual disability (ID), encompassing the phenotype of other chromatinopathies such as Cornelia de Lange

syndrome. More recently, genes involved in others chromatinopathies (ASXL1 for Bohring-Opitz syndrome, KMT2A

for Wiedemann-Steiner syndrome, and KMT2D for Kabuki syndrome) have been identified in individuals with an

RSTS phenotype but in the absence of CREBBP/EP300 mutation. The definition of a specific epigenetic signature

might reduce diagnostic deadlocks and open new therapeutic strategies.

Indeed, less data are available on histone acetylation marks and their targets in RSTS. This is partly due to the fact

that current mapping is focused on a limited number of marks on H3 and H4 and in particular H3K27ac and

H3K9ac. However, recent work by Weinert et al. on the acetylome of RSTS mouse models showed that H2B was a

major target of CBP/p300 . These results corroborate the results of Lopez-Atalaya et al. on lymphoblastoid cell

lines derived from RSTS patients, showing a global hypoacetylation of H2A and H2B compared to controls .

These individual signatures will serve as the basis for the implementation of new multi-omics diagnostic tools for

RSTS but will also be applicable to other chromatinopathies and, in the longer term, for rational therapeutic design.

References

1. Hennekam, R.C.M. Rubinstein–Taybi Syndrome. Eur. J. Hum. Genet. 2006, 14, 981–985.

2. Bartsch, O.; Kress, W.; Kempf, O.; Lechno, S.; Haaf, T.; Zechner, U. Inheritance and Variable
Expression in Rubinstein–Taybi Syndrome. Am. J. Med. Genet. A 2010, 152A, 2254–2261.

3. López, M.; Seidel, V.; Santibáñez, P.; Cervera-Acedo, C.; Castro, P.C.; Domínguez-Garrido, E.
First Case Report of Inherited Rubinstein-Taybi Syndrome Associated with a Novel EP300
Variant. BMC Med. Genet. 2016, 17, 1–5.

[80]

[81]



RSTS | Encyclopedia.pub

https://encyclopedia.pub/entry/11513 10/16

4. Hennekam, R.C.; Lommen, E.J.; Strengers, J.L.; van Spijker, H.G.; Jansen-Kokx, T.M.
Rubinstein-Taybi Syndrome in a Mother and Son. Eur. J. Pediatr. 1989, 148, 439–441.

5. Rubinstein, J.H. Broad Thumb-Hallux (Rubinstein-Taybi) Syndrome 1957–1988. Am. J. Med.
Genet. 1990, 37, 3–16.

6. Rubinstein, J.H.; Taybi, H. Broad Thumbs and Toes and Facial Abnormalities. A Possible Mental
Retardation Syndrome. Am. J. Dis. Child. 1963, 105, 588–608.

7. Hennekam, R.C.M.; van den Boogaard, M.-J.; Sibbles, B.J.; van Spijker, H.G. Rubinstein-Taybi
Syndrome in the Netherlands. Am. J. Med. Genet. 1990, 37, 17–29.

8. Wiley, S.; Swayne, S.; Rubinstein, J.H.; Lanphear, N.E.; Stevens, C.A. Rubinstein-Taybi
Syndrome Medical Guidelines. Am. J. Med. Genet. A 2003, 119A, 101–110.

9. Stevens, C.A.; Carey, J.C.; Blackburn, B.L. Rubinstein-Taybi Syndrome: A Natural History Study.
Am. J. Med. Genet. A 1990, 37, 30–37.

10. Milani, D.; Manzoni, F.; Pezzani, L.; Ajmone, P.; Gervasini, C.; Menni, F.; Esposito, S. Rubinstein-
Taybi Syndrome: Clinical Features, Genetic Basis, Diagnosis, and Management. Ital. J. Pediatr.
2015, 41, 4.

11. Boot, M.V.; van Belzen, M.J.; Overbeek, L.I.; Hijmering, N.; Mendeville, M.; Waisfisz, Q.;
Wesseling, P.; Hennekam, R.C.; de Jong, D. Benign and Malignant Tumors in Rubinstein-Taybi
Syndrome. Am. J. Med. Genet. A 2018, 176, 597–608.

12. Petrif, F.; Giles, R.H.; Dauwerse, H.G.; Saris, J.J.; Hennekam, R.C.M.; Masuno, M.; Tommerup,
N.; van Ommen, G.-J.B.; Goodman, R.H.; Peters, D.J.M.; et al. Rubinstein-Taybi Syndrome
Caused by Mutations in the Transcriptional Co-Activator CBP. Nature 1995, 376, 348–351.

13. Roelfsema, J.H.; White, S.J.; Ariyürek, Y.; Bartholdi, D.; Niedrist, D.; Papadia, F.; Bacino, C.A.;
den Dunnen, J.T.; van Ommen, G.-J.B.; Breuning, M.H.; et al. Genetic Heterogeneity in
Rubinstein-Taybi Syndrome: Mutations in Both the CBP and EP300 Genes Cause Disease. Am.
J. Hum. Genet. 2005, 76, 572–580.

14. Lopez-Atalaya, J.P.; Valor, L.M.; Barco, A. Chapter—Epigenetic Factors in Intellectual Disability:
The Rubinstein–Taybi Syndrome as a Paradigm of Neurodevelopmental Disorder with Epigenetic
Origin. In Progress in Molecular Biology and Translational Science; Epigenetics and
Neuroplasticity—Evidence and Debate; Lubin, F., Akbarian, S., Eds.; Academic Press:
Cambridge, MA, USA, 2014; Volume 128, pp. 139–176.

15. Fahrner, J.A.; Bjornsson, H.T. Mendelian Disorders of the Epigenetic Machinery: Postnatal
Malleability and Therapeutic Prospects. Hum. Mol. Genet. 2019, 28, R254–R264.

16. Michail, J.; Matsoukas, J.; Theodorou, S. Arched, clubbed thumb in strong abduction-extension &
other concomitant symptoms. Rev. Chir. Orthopédique Réparatrice Appar. Mot. 1957, 43, 142–



RSTS | Encyclopedia.pub

https://encyclopedia.pub/entry/11513 11/16

146.

17. Lacombe, D.; Saura, R.; Taine, L.; Battin, J. Confirmation of Assigment of a Locus for Rubinstein-
Taybi Syndrome Gene to 16p13.3. Am. J. Med. Genet. 1992, 44, 126–128.

18. Chiang, P.-W.; Lee, N.-C.; Chien, N.; Hwu, W.-L.; Spector, E.; Tsai, A.C.-H. Somatic and Germ-
Line Mosaicism in Rubinstein–Taybi Syndrome. Am. J. Med. Genet. A 2009, 149A, 1463–1467.

19. De Vries, T.I.; Monroe, G.R.; van Belzen, M.J.; van der Lans, C.A.; Savelberg, S.M.; Newman,
W.G.; van Haaften, G.; Nievelstein, R.A.; van Haelst, M.M. Mosaic CREBBP Mutation Causes
Overlapping Clinical Features of Rubinstein-Taybi and Filippi Syndromes. Eur. J. Hum. Genet.
EJHG 2016, 24, 1363–1366.

20. Gucev, Z.S.; Tasic, V.B.; Saveski, A.; Polenakovic, M.H.; Laban, N.B.; Zechner, U.; Bartsch, O.
Tissue-Specific Mosaicism in a Patient with Rubinstein–Taybi Syndrome and CREBBP Exon 1
Duplication. Clin. Dysmorphol. 2019, 28, 140–142.

21. Cotsirilos, P.; Taylor, J.C.; Matalon, R. Dominant Inheritance of a Syndrome Similar to Rubinstein-
Taybi. Am. J. Med. Genet. 1987, 26, 85–93.

22. Marion, R.W.; Garcia, D.M.; Karasik, J.B. Apparent Dominant Transmission of the Rubinstein-
Taybi Syndrome. Am. J. Med. Genet. 1993, 46, 284–287.

23. Petrij, F.; Dauwerse, H.G.; Blough, R.I.; Giles, R.H.; van der Smagt, J.J.; Wallerstein, R.;
Maaswinkel-Mooy, P.D.; van Karnebeek, C.D.; van Ommen, G.-J.B.; van Haeringen, A.; et al.
Diagnostic Analysis of the Rubinstein-Taybi Syndrome: Five Cosmids Should Be Used for
Microdeletion Detection and Low Number of Protein Truncating Mutations. J. Med. Genet. 2000,
37, 168–176.

24. Imaizumi, K.; Kuroki, Y. Rubinstein-Taybi Syndrome with de Novo Reciprocal Translocation t(2;16)
(P13.3; P13.3). Am. J. Med. Genet. 1991, 38, 636–639.

25. Imaizumi, K.; Kurosawa, K.; Masuno, M.; Tsukahara, M.; Kuroki, Y. Chromosome Aberrations in
Rubinstein-Taybi Syndrome. Clin. Genet. 1993, 43, 215–216.

26. Tommerup, N.; van der Hagen, C.B.; Heiberg, A. Tentative Assignment of a Locus for Rubinstein-
Taybi Syndrome to 16p13.3 by a de Novo Reciprocal Translocation, t(7;16)(Q34;P13.3). Am. J.
Med. Genet. 1992, 44, 237–241.

27. Chrivia, J.C.; Kwok, R.P.S.; Lamb, N.; Hagiwara, M.; Montminy, M.R.; Goodman, R.H.
Phosphorylated CREB Binds Specifically to the Nuclear Protein CBP. Nature 1993, 365, 855–859.

28. Whyte, P.; Williamson, N.M.; Harlow, E. Cellular Targets for Transformation by the Adenovirus
E1A Proteins. Cell 1989, 56, 67–75.

29. Egan, C.; Jelsma, T.N.; Howe, J.A.; Bayley, S.T.; Ferguson, B.; Branton, P.E. Mapping of Cellular
Protein-Binding Sites on the Products of Early-Region 1A of Human Adenovirus Type 5. Mol. Cell.



RSTS | Encyclopedia.pub

https://encyclopedia.pub/entry/11513 12/16

Biol. 1988, 8, 3955–3959.

30. Pérez-Grijalba, V.; García-Oguiza, A.; López, M.; Armstrong, J.; García-Miñaur, S.; Mesa-Latorre,
J.M.; O’Callaghan, M.; Pineda Marfa, M.; Ramos-Arroyo, M.A.; Santos-Simarro, F.; et al. New
Insights into Genetic Variant Spectrum and Genotype-Phenotype Correlations of Rubinstein-Taybi
Syndrome in 39 CREBBP-Positive Patients. Mol. Genet. Genomic Med. 2019, 7, e972.

31. Naik, J.M.; Naik, M.N.; Ali, M.J. Lacrimal Drainage Anomalies in Rubinstein–Taybi Syndrome:
Case Report and Review of Literature. Orbit 2019, 38, 335–337.

32. Bartsch, O.; Schmidt, S.; Richter, M.; Morlot, S.; Seemanová, E.; Wiebe, G.; Rasi, S. DNA
Sequencing of CREBBP Demonstrates Mutations in 56% of Patients with Rubinstein–Taybi
Syndrome (RSTS) and in Another Patient with Incomplete RSTS. Hum. Genet. 2005, 117, 485–
493.

33. Kalkhoven, E.; Roelfsema, J.H.; Teunissen, H.; den Boer, A.; Ariyurek, Y.; Zantema, A.; Breuning,
M.H.; Hennekam, R.C.M.; Peters, D.J.M. Loss of CBP Acetyltransferase Activity by PHD Finger
Mutations in Rubinstein–Taybi Syndrome. Hum. Mol. Genet. 2003, 12, 441–450.

34. Coupry, I.; Roudaut, C.; Stef, M.; Delrue, M.-A.; Marche, M.; Burgelin, I.; Taine, L.; Cruaud, C.;
Lacombe, D.; Arveiler, B. Molecular Analysis of the CBP Gene in 60 Patients with Rubinstein-
Taybi Syndrome. J. Med. Genet. 2002, 39, 415–421.

35. Murata, T.; Kurokawa, R.; Krones, A.; Tatsumi, K.; Ishii, M.; Taki, T.; Masuno, M.; Ohashi, H.;
Yanagisawa, M.; Rosenfeld, M.G.; et al. Defect of Histone Acetyltransferase Activity of the
Nuclear Transcriptional Coactivator CBP in Rubinstein–Taybi Syndrome. Hum. Mol. Genet. 2001,
10, 1071–1076.

36. Udaka, T.; Samejima, H.; Kosaki, R.; Kurosawa, K.; Okamoto, N.; Mizuno, S.; Makita, Y.; Numabe,
H.; Toral, J.F.; Takahashi, T.; et al. Comprehensive Screening of CREB-Binding Protein Gene
Mutations among Patients with Rubinstein-Taybi Syndrome Using Denaturing High-Performance
Liquid Chromatography. Congenit. Anom. 2005, 45, 125–131.

37. Cross, E.; Duncan-Flavell, P.J.; Howarth, R.J.; Hobbs, J.I.; Thomas, N.S.; Bunyan, D.J. Screening
of a Large Rubinstein-Taybi Cohort Identified Many Novel Variants and Emphasizes the
Importance of the CREBBP Histone Acetyltransferase Domain. Am. J. Med. Genet. A 2020, 182,
2508–2520.

38. Base HGMD. Available online: (accessed on 27 April 2021).

39. Home—LOVD—An Open Source DNA Variation Database System. Available online: (accessed
on 27 April 2021).

40. Coupry, I.; Monnet, L.; Moneim Attia, A.A.E.; Taine, L.; Lacombe, D.; Arveiler, B. Analysis of CBP
(CREBBP) Gene Deletions in Rubinstein-Taybi Syndrome Patients Using Real-Time Quantitative
PCR. Hum. Mutat. 2004, 23, 278–284.



RSTS | Encyclopedia.pub

https://encyclopedia.pub/entry/11513 13/16

41. Gervasini, C.; Castronovo, P.; Bentivegna, A.; Mottadelli, F.; Faravelli, F.; Giovannucci-Uzielli,
M.L.; Pessagno, A.; Lucci-Cordisco, E.; Pinto, A.M.; Salviati, L.; et al. High Frequency of Mosaic
CREBBP Deletions in Rubinstein–Taybi Syndrome Patients and Mapping of Somatic and Germ-
Line Breakpoints. Genomics 2007, 90, 567–573.

42. Rusconi, D.; Negri, G.; Colapietro, P.; Picinelli, C.; Milani, D.; Spena, S.; Magnani, C.; Silengo,
M.C.; Sorasio, L.; Curtisova, V.; et al. Characterization of 14 Novel Deletions Underlying
Rubinstein–Taybi Syndrome: An Update of the CREBBP Deletion Repertoire. Hum. Genet. 2015,
134, 613–626.

43. Fergelot, P.; van Belzen, M.; van Gils, J.; Afenjar, A.; Armour, C.M.; Arveiler, B.; Beets, L.; Burglen,
L.; Busa, T.; Collet, M.; et al. Phenotype and Genotype in 52 Patients with Rubinstein–Taybi
Syndrome Caused by EP300 Mutations. Am. J. Med. Genet. A 2016, 170, 3069–3082.

44. Bartholdi, D.; Roelfsema, J.H.; Papadia, F.; Breuning, M.H.; Niedrist, D.; Hennekam, R.C.;
Schinzel, A.; Peters, D.J.M. Genetic Heterogeneity in Rubinstein–Taybi Syndrome: Delineation of
the Phenotype of the First Patients Carrying Mutations in EP300. J. Med. Genet. 2007, 44, 327–
333.

45. Foley, P.; Bunyan, D.; Stratton, J.; Dillon, M.; Lynch, S.A. Further Case of Rubinstein–Taybi
Syndrome Due to a Deletion in EP300. Am. J. Med. Genet. A 2009, 149A, 997–1000.

46. Negri, G.; Milani, D.; Colapietro, P.; Forzano, F.; Della Monica, M.; Rusconi, D.; Consonni, L.;
Caffi, L.G.; Finelli, P.; Scarano, G.; et al. Clinical and Molecular Characterization of Rubinstein-
Taybi Syndrome Patients Carrying Distinct Novel Mutations of the EP300 Gene. Clin. Genet.
2015, 87, 148–154.

47. Cohen, J.L.; Schrier Vergano, S.A.; Mazzola, S.; Strong, A.; Keena, B.; McDougall, C.; Ritter, A.;
Li, D.; Bedoukian, E.C.; Burke, L.W.; et al. EP300-Related Rubinstein-Taybi Syndrome:
Highlighted Rare Phenotypic Findings and a Genotype-Phenotype Meta-Analysis of 74 Patients.
Am. J. Med. Genet. A 2020, 182, 2926–2938.

48. Negri, G.; Magini, P.; Milani, D.; Colapietro, P.; Rusconi, D.; Scarano, E.; Bonati, M.T.; Priolo, M.;
Crippa, M.; Mazzanti, L.; et al. From Whole Gene Deletion to Point Mutations of EP300-Positive
Rubinstein–Taybi Patients: New Insights into the Mutational Spectrum and Peculiar Clinical
Hallmarks. Hum. Mutat. 2016, 37, 175–183.

49. López, M.; García-Oguiza, A.; Armstrong, J.; García-Cobaleda, I.; García-Miñaur, S.; Santos-
Simarro, F.; Seidel, V.; Domínguez-Garrido, E. Rubinstein-Taybi 2 Associated to Novel EP300
Mutations: Deepening the Clinical and Genetic Spectrum. BMC Med. Genet. 2018, 19, 36.

50. Tsai, A.C.-H.; Dossett, C.J.; Walton, C.S.; Cramer, A.E.; Eng, P.A.; Nowakowska, B.A.; Pursley,
A.N.; Stankiewicz, P.; Wiszniewska, J.; Cheung, S.W. Exon Deletions of the EP300 and CREBBP
Genes in Two Children with Rubinstein–Taybi Syndrome Detected by ACGH. Eur. J. Hum. Genet.
2011, 19, 43–49.



RSTS | Encyclopedia.pub

https://encyclopedia.pub/entry/11513 14/16

51. Wincent, J.; Luthman, A.; van Belzen, M.; van der Lans, C.; Albert, J.; Nordgren, A.; Anderlid, B.-
M. CREBBP and EP300 Mutational Spectrum and Clinical Presentations in a Cohort of Swedish
Patients with Rubinstein–Taybi Syndrome. Mol. Genet. Genom. Med. 2016, 4, 39–45.

52. Zimmermann, N.; Acosta, A.M.B.F.; Kohlhase, J.; Bartsch, O. Confirmation of EP300 Gene
Mutations as a Rare Cause of Rubinstein–Taybi Syndrome. Eur. J. Hum. Genet. 2007, 15, 837–
842.

53. Giles, R.H.; Dauwerse, H.G.; van Ommen, G.J.; Breuning, M.H. Do Human Chromosomal Bands
16p13 and 22q11-13 Share Ancestral Origins? Am. J. Hum. Genet. 1998, 63, 1240–1242.

54. Allis, C.D.; Berger, S.L.; Cote, J.; Dent, S.; Jenuwien, T.; Kouzarides, T.; Pillus, L.; Reinberg, D.;
Shi, Y.; Shiekhattar, R.; et al. New Nomenclature for Chromatin-Modifying Enzymes. Cell 2007,
131, 633–636.

55. Dancy, B.M.; Cole, P.A. Protein Lysine Acetylation by P300/CBP. Chem. Rev. 2015, 115, 2419–
2452.

56. Breen, M.E.; Mapp, A.K. Modulating the Masters: Chemical Tools to Dissect CBP and P300
Function. Curr. Opin. Chem. Biol. 2018, 45, 195–203.

57. Valor, L.; Viosca, J.; Lopez-Atalaya, J.; Barco, A. Lysine Acetyltransferases CBP and P300 as
Therapeutic Targets in Cognitive and Neurodegenerative Disorders. Curr. Pharm. Des. 2013, 19,
5051–5064.

58. Yang, X.-J.; Seto, E. Lysine Acetylation: Codified Crosstalk with Other Posttranslational
Modifications. Mol. Cell 2008, 31, 449–461.

59. Bedford, D.C.; Kasper, L.H.; Fukuyama, T.; Brindle, P.K. Target Gene Context Influences the
Transcriptional Requirement for the KAT3 Family of CBP and P300 Histone Acetyltransferases.
Epigenetics Off. J. DNA Methylation Soc. 2010, 5, 9–15.

60. Wang, L.; Tang, Y.; Cole, P.A.; Marmorstein, R. Structure and Chemistry of the P300/CBP and
Rtt109 Histone Acetyltransferases: Implications for Histone Acetyltransferase Evolution and
Function. Curr. Opin. Struct. Biol. 2008, 18, 741–747.

61. Histol Histopathol, Vol 17, Janknecht. Available online: (accessed on 27 July 2016).

62. Iyer, N.G.; Özdag, H.; Caldas, C. P300/CBP and Cancer. Oncogene 2004, 23, 4225–4231.

63. Grunstein, M. Histone Acetylation in Chromatin Structure and Transcription. Nature 1997, 389,
349–352.

64. Wang, Z.; Zang, C.; Cui, K.; Schones, D.E.; Barski, A.; Peng, W.; Zhao, K. Genome-Wide
Mapping of HATs and HDACs Reveals Distinct Functions in Active and Inactive Genes. Cell 2009,
138, 1019–1031.



RSTS | Encyclopedia.pub

https://encyclopedia.pub/entry/11513 15/16

65. Hasan, S.; Hassa, P.O.; Imhof, R.; Hottiger, M.O. Transcription Coactivator P300 Binds PCNA and
May Have a Role in DNA Repair Synthesis. Nature 2001, 410, 387–391.

66. Tini, M.; Benecke, A.; Um, S.-J.; Torchia, J.; Evans, R.M.; Chambon, P. Association of CBP/P300
Acetylase and Thymine DNA Glycosylase Links DNA Repair and Transcription. Mol. Cell 2002, 9,
265–277.

67. Bannister, A.J.; Miska, E.A.; Görlich, D.; Kouzarides, T. Acetylation of Importin-α Nuclear Import
Factors by CBP/P300. Curr. Biol. 2000, 10, 467–470.

68. Schorry, E.K.; Keddache, M.; Lanphear, N.; Rubinstein, J.H.; Srodulski, S.; Fletcher, D.; Blough-
Pfau, R.I.; Grabowski, G.A. Genotype–Phenotype Correlations in Rubinstein–Taybi Syndrome.
Am. J. Med. Genet. A 2008, 146A, 2512–2519.

69. Spena, S.; Milani, D.; Rusconi, D.; Negri, G.; Colapietro, P.; Elcioglu, N.; Bedeschi, F.; Pilotta, A.;
Spaccini, L.; Ficcadenti, A.; et al. Insights into Genotype–Phenotype Correlations from CREBBP
Point Mutation Screening in a Cohort of 46 Rubinstein–Taybi Syndrome Patients. Clin. Genet.
2015, 88, 431–440.

70. Bentivegna, A.; Milani, D.; Gervasini, C.; Castronovo, P.; Mottadelli, F.; Manzini, S.; Colapietro, P.;
Giordano, L.; Atzeri, F.; Divizia, M.T.; et al. Rubinstein-Taybi Syndrome: Spectrum of CREBBP
Mutations in Italian Patients. BMC Med. Genet. 2006, 7, 77.

71. Solomon, B.D.; Bodian, D.L.; Khromykh, A.; Mora, G.G.; Lanpher, B.C.; Iyer, R.K.; Baveja, R.;
Vockley, J.G.; Niederhuber, J.E. Expanding the Phenotypic Spectrum in EP300-Related
Rubinstein–Taybi Syndrome. Am. J. Med. Genet. A 2015, 167, 1111–1116.

72. Steegers, E.A.; von Dadelszen, P.; Duvekot, J.J.; Pijnenborg, R. Pre-Eclampsia. Lancet 2010,
376, 631–644.

73. Yu, P.T.; Luk, H.-M.; Lo, I.F.M. Rubinstein-Taybi Syndrome in Chinese Population with Four Novel
Mutations. Am. J. Med. Genet. A. 2020.

74. Bartsch, O.; Rasi, S.; Delicado, A.; Dyack, S.; Neumann, L.M.; Seemanová, E.; Volleth, M.; Haaf,
T.; Kalscheuer, V.M. Evidence for a New Contiguous Gene Syndrome, the Chromosome 16p13.3
Deletion Syndrome Alias Severe Rubinstein–Taybi Syndrome. Hum. Genet. 2006, 120, 179–186.

75. Menke, L.A.; van Belzen, M.J.; Alders, M.; Cristofoli, F.; The DDD Study; Ehmke, N.; Fergelot, P.;
Foster, A.; Gerkes, E.H.; Hoffer, M.J.V.; et al. CREBBP Mutations in Individuals without
Rubinstein–Taybi Syndrome Phenotype. Am. J. Med. Genet. A. 2016.

76. Menke, L.A.; DDD Study; Gardeitchik, T.; Hammond, P.; Heimdal, K.R.; Houge, G.; Hufnagel,
S.B.; Ji, J.; Johansson, S.; Kant, S.G.; et al. Further Delineation of an Entity Caused by CREBBP
and EP300 Mutations but Not Resembling Rubinstein-Taybi Syndrome. Am. J. Med. Genet. A
2018, 176, 862–876.



RSTS | Encyclopedia.pub

https://encyclopedia.pub/entry/11513 16/16

77. Banka, S.; Sayer, R.; Breen, C.; Barton, S.; Pavaine, J.; Sheppard, S.E.; Bedoukian, E.; Skraban,
C.; Cuddapah, V.A.; Clayton-Smith, J. Genotype-Phenotype Specificity in Menke-Hennekam
Syndrome Caused by Missense Variants in Exon 30 or 31 of CREBBP. Am. J. Med. Genet. A
2019, 179, 1058–1062.

78. De Guzman, R.N.; Liu, H.Y.; Martinez-Yamout, M.; Dyson, H.J.; Wright, P.E. Solution Structure of
the TAZ2 (CH3) Domain of the Transcriptional Adaptor Protein CBP1. J. Mol. Biol. 2000, 303,
243–253.

79. Ponting, C.P.; Blake, D.J.; Davies, K.E.; Kendrick-Jones, J.; Winder, S.J. ZZ and TAZ: New
Putative Zinc Fingers in Dystrophin and Other Proteins. Trends Biochem. Sci. 1996, 21, 11–13.

80. Weinert, B.T.; Narita, T.; Satpathy, S.; Srinivasan, B.; Hansen, B.K.; Schölz, C.; Hamilton, W.B.;
Zucconi, B.E.; Wang, W.W.; Liu, W.R.; et al. Time-Resolved Analysis Reveals Rapid Dynamics
and Broad Scope of the CBP/P300 Acetylome. Cell 2018, 174, 231.e12–244.e12.

81. Lopez-Atalaya, J.P.; Gervasini, C.; Mottadelli, F.; Spena, S.; Piccione, M.; Scarano, G.; Selicorni,
A.; Barco, A.; Larizza, L. Histone Acetylation Deficits in Lymphoblastoid Cell Lines from Patients
with Rubinstein–Taybi Syndrome. J. Med. Genet. 2012, 49, 66–74.

Retrieved from https://encyclopedia.pub/entry/history/show/33715


