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KMT2B gene discovery

Meyer et al., Nat Genet 2016; Zech et al., AJHG 2016 
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KMT2B - gene structure

• 37 exons, 20 Kb
• Inheritance: autosomal dominant
• Mutations reported: missense, nonsense, frameshift, interstitial deletions at 19q12.13,     

small in/del



KMT2B - expression

• KMT2B encodes a histone lysine methyltransferase involved in methylation of 
histone H3 at lysine 4 (H3K4)  dysregulation of gene transcription
• Ubiquitously expressed in the brain (++ cerebellar cortex)
• Reduced mRNA transcript in cultured fibroblasts of patients haploinsufficiency

Meyer et al., Nat Genet 2016; Zech et al., AJHG 2016 



KMT2s-related human diseases

Rare monoallelic neurodevelopmental disorders:
• Wiedemann-Steiner syndrome (MIM 605130; KMT2A)
• Kleefstra syndrome type 2 (MIM 617768; KMT2C)
• Kabuki syndrome type 1 (MIM 147920; KMT2D)
• O’Donnel-Luria-Rodan syndrome (MIM 618512, KMT2E) 

Common clinical features: global developmental delay, facial dysmorphic traits, extra-
central nervous system developmental defects
De novo LOF mutations 



Main clinical features: dystonia

• Childhood-onset dystonia (mean age at onset 5 years)

• Lower limb onset (21/27)  similar to DYT1

• Generalization in almost all patients (24/27), 2-11 yrs after the onset

• Prominent laryngeal, cranial and oro-mandibular dystonia

• Subcortical myoclonus in two cases

• Infection-induced status dystonicus in 1 patient

• Very good response to DBS

• De novo mutations in most cases; ~1/3 microdeletions at 19q13.12 involving

KMT2B

Meyer et al., 2017



Additional clinical features

• Microcephaly

• Short stature

• Intellectual disability

• Psychiatric disturbances (4/27)

• Developmental delay

• Epilepsy (2/27) 

• Dysmorphic features (elongated face and bulbous nasal tips)

Meyer et al., 2017; Zech et al., 2016



Radiological features

Subtle, symmetrical hypointensity of 
the globus pallidi (with a hypointense 
streak of bilateral globus pallidus 
externa) on MR images 

Age-dependent effect? Meyer et al., 2017



65 genetically undefined EO 
dystonia patients

WES/customized NGS panels

14/65 KMT2B +ve (8F, 6M)

21.5% mutational frequency

• No known mutations in DYT genes
• Onset < 18 years of age
• No secondary causes of dystonia



KMT2B mutations

No clinical differences between missense mutation carriers and frameshift 
mutation carriers

Carecchio et al., MDJ 2019



Clinical phenotype
 Mean age at onset: 6.2 years (range 3-13 years)
 Mean disease duration: 21 years (range 3-42 years)

 Normal motor milestones in all cases, delayed language in 2/14

 Dystonia features:  Lower limb onset: 78.5%
Laryngeal dystonia: 78.5%
Generalization: 93%
Oromandibular dystonia: 57%
Anarthria: 28.5%

 No brain MRI alterations at any disease stage

 Mild intellectual disability: 70%
 Short stature with somatic harmonic development: 64%
 Minor facial dysmorphisms: 64%  bulbous nasal tips, low-set ears, thin upper lip, 

mild palpebral ptosis, broad nasal bridge, elongated face
 Brisk reflexes in the lower limbs: 43%

Carecchio et al., MDJ 2019



Carecchio et al., 2019

Incomplete pentrance



Red flags

 Generalized dystonia with anarthria
 Dysphonia
 Short stature (check parents!)

 Intellectual disability
Microcephaly
 Brisk reflexes

Childhood-onset dystonia 
+

Short stature
Mild-to-moderate ID



KMT2B: anarthria

AAO: 7 years (lower limbs)
Disease duration: 37 years

Pt. 9

-/+-/- n.i.n.i

p.Ser1615Leu

-/-

Carecchio et al., 2019






KMT2B: severe axial dystonia

Extremely mobile dystonia with severe torsional component



KMT2B: disease history without DBS

AAO: 4 years (lower limbs + larynx)
Disease duration: 40 years
Anarthria and severe axial dystonia

Carecchio et al., 2019

AAO: 10 years (lower limbs)
Disease duration: 42 years
Anarthria, severe generalized
dystonia









Carecchio et al., MDJ 2019

KMT2B: disease history before and after DBS






Intellectual disability

Isolated short stature

Dystonia, microcephaly, ID, short stature

Asymptomatic

Intellectual 
disability

Dystonia, intellectual disability

Intra-familial phenotypic variability

Carecchio et al., 2019



Zech et al., 2016

 Generalized dystonia with lower limb 
onset (age 4 years)

 Microcephaly + short stature 

 Writer’s cramp, onset 9 years
 Microcephaly + short stature 

 Writer’s cramp + dystonic tremor
 Onset 11 years

Phenotypic variability



Severe intellectual disability WITHOUT dystonia
Asymptomatic carriers>  Isolated ID/short 

stature > dystonia±additional features



DBS in KMT2B dystonia

• 18 patients with DBS 
• Median age at DBS: 11.5 years (4.5-37)
• Post-surgical follow-up from 0.25 to 22 years
• Significant improvement (BFMDRS-M and BFMDRS-D) evident at 6 months, 1 year and 

last follow-up 
• At 1 year FU >50% of subjects showed BFMDRS-M and BFMDRS-D improvements of 

>30%
• Beyond 5 years, improvement of >30% was maintained in 5/8 and 3/8 subjects for the 

BFMDRS-M and BFMDRS-D, respectively
• The greatest BFMDRS-M improvements were observed for trunk (53.2%) and cervical
• (50.5%) dystonia, with less clinical impact on laryngeal dystonia



• 8 patients with DBS 
• Median disease duration 8.5 years
• Median patients’ age at surgery 10 years
• Median post-surgery FU: 12 years (range 8-17 

yrs)
• Mean long term improvement on BFMDRS-M: 

38.5%
• No improvement of laryngeal dystonia

Carecchio et al., MDJ 2019






• 42 individual patients
• mean age at onset 6.4 +/- 5.7 years, 60% F, 

40% M
• Median follow-up 12 months (range: 1–264 

months)
• Median BFMDRS-M improvement 42.7% 
• Pooled proportion of patients experiencing 

>50% clinical improvement 41%
• Male gender (P = 0.004), and higher pre-

operative BFMDRS-M score (P < 0.001) were 
independently associated with better 
outcome



KMT2B mutations  DNA hypermethylation of promoters and other regulatory 
regions positively controlling gene expression  repression of transcriptional 
activity



• Adult-onset focal/segmental 
dystonia

• Dystonic tremor
• Normal development
• Rare additional features
• Intermediate epigenetic 

signature (methylation profile)



Different methylation pattern 
between KMT2B dystonia and 
Kabuki syndrome (KMT2D)

Potential diagnostic relevance 
in clinical practice!



THANKS FOR YOUR 
ATTENTION
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