
  Genotype     Intellectual Disability      Muscle Biopsy   

#, Sex Ethnic origin Allele 1 Allele 2 Age at onset Age at 
last exam. Walk since Best Motor Autistic 

traits 
Language /  
Cognitive 

impairment 
MRI brain Seizures Heart Skin 

changes CK Dystrophic 
features 

Mitochondrial 
changes Comment Reference 

Group 1 (non-sense, frameshift) 

1, F Japanese c.810T>A  
(p.Tyr270*) 

c.810T>A  
(p.Tyr270*) 6m 13y 2y 6m Walker + + NA + DCM - 2x + + Death (13y) (Mitsuhashi and Nishino 2013; Mitsuhashi et al. 2011) 

2, M Japanese c.810T>A  
(p.Tyr270*) 

c.810T>A  
(p.Tyr270*) 5m 23y 1y 9m Walker + + Mild brain atrophy + DCM after 13y - 12x + + Death (23y) (Mitsuhashi and Nishino 2013; Mitsuhashi et al. 2011) 

3, F Japanese c.458dup 
(p.Leu153Phefs*57) 

c.116C>A  
(p.Ser39*) 7m 28y 1y 6m Walker + + Cavum septum pellucidum + Increased  

cardiothoracic ratio (60%) - 2-3x + +  (Mitsuhashi and Nishino 2013; Mitsuhashi et al. 2011) 

4, M Japanese 
(brother #3) 

c.458dup 
(p.Leu153Phefs*57) 

c.116C>A  
(p.Ser39*) 7m 22y 2y 6m Walker + + Normal + Normal - Normal + +  (Mitsuhashi and Nishino 2013; Mitsuhashi et al. 2011) 

5, M Turkish c.611_612insC 
(p.Thr205Asnfs*5) 

c.611_612insC 
(p.Thr205Asnfs*5) 4y 1m 11 y 2y 1m Walker + (Severe) + Thin corpus callosum + Decreased LVSF + 3x + +  (Mitsuhashi et al. 2011; Haliloglu et al. 2015; Mitsuhashi and Nishino 

2013) 

6, M Turkish c.922C>T 
(p.Gln308*) 

c.922C>T 
(p.Gln308*) 14m 2y 1m No Sitter - + Brain atrophy - DCM - Normal + + Death (2y) (Mitsuhashi et al. 2011; Haliloglu et al. 2015; Mitsuhashi and Nishino 

2013) 

7, M Turkish 
(sibling #6) 

c.922C>T 
(p.Gln308*) 

c.922C>T 
(p.Gln308X*) 6y 2m 6y 6m 3y Walker + + (Moderate) Normal - Normal + Normal + + Death (7y) Haliloglu et al. 2015 

8, F Turkish c.677+1G>A 
r.spl 

c.677+1G>A 
r.spl 3y 23y 3y Walker + (Severe) + (Severe) Normal + Atrial septal defect + 5-6x + + Lost deambulation (17y) (Mitsuhashi et al. 2011; Haliloglu et al. 2015; Mitsuhashi and Nishino 

2013) 

9, F Turkish c.677+1G>A 
r.spl 

c.677+1G>A 
r.spl 4y 9 y No Sitter - + (Severe) Normal - Normal + 2-3x + +  (Mitsuhashi et al. 2011; Haliloglu et al. 2015; Mitsuhashi and Nishino 

2013) 

10, F Turkish c.677+1G>A 
r.spl 

c.677+1G>A 
r.spl 3y 10y 3y Walker + + (Mild) Delayed myelination - MPV - 2-3x + +  (Mitsuhashi et al. 2011; Haliloglu et al. 2015; Mitsuhashi and Nishino 

2013) 

11, M Turkish c.1031+1G>A 
r.spl. 

c.1031+1G>A 
r.spl 3y 11y No Sitter + + (Mild) Normal - Decreased LVSF + 2x + +  (Mitsuhashi et al. 2011; Haliloglu et al. 2015; Mitsuhashi and Nishino 

2013) 

12, F Turkish c.1031+1G>A 
r.spl. 

c.1031+1G>A 
r.spl 4y 12y 1y 3m Walker - + (Moderate) Normal - NA + 6x + +  (Mitsuhashi et al. 2011; Haliloglu et al. 2015; Mitsuhashi and Nishino 

2013) 

13, F Turkish c.922C>T 
(p.Gln308*) 

c.922C>T 
(p.Gln308*) 8y 9y 3y 6m Walker 

(tip-toes) - + (Severe) NA + Normal + Normal + +  Haliloglu et al. 2015 

14, M Turkish c.1031+1G>A 
r.spl. 

c.1031+1G>A 
r.spl 23m 4y 11m No Sitter - + (Mild) NA - NA + 3x + +  Haliloglu et al. 2015 

15, F Turkish c.1031+1G>A 
r.spl. 

c.475C>T  
(p.Arg159*) 3y 8y 1y 6m Walker - + Cavum septum pellucidum - Normal - 3x + +  Haliloglu et al. 2015 

16, M British c.852_859del 
(p.Trp284*) 

c.852_859del 
(p.Trp284*) 22m 8y 3y 4m Walker + + Normal - DCM (8y) + 3-7x + + Death (8y). Worsening after 

vaccination (Quinlivan et al. 2013; Mitsuhashi and Nishino 2013) 

17, M African-American c.874G>T 
(p.Glu292*) 

c.874G>T 
(p.Glu292*) 11m 2y 1m No Sitter + + (Severe) Enlarged ventricles + NA NA 3x + +  (Gutiérrez Ríos et al. 2012; Mitsuhashi et al. 2013) 

18, M Spanish c.810T>A 
(p.Tyr270*) 

c.810T>A 
(p.Tyr270*) 12m 13y 1y Walker + + (Mild) Normal - Normal - 2x + +  (Castro-Gago et al. 2014) 

19, F Portugal c.1031+3G>C 
r.spl. 

c.1031+3G>C 
r.spl 4y 22y 2y 6m Walker + + NA - DCM (10y) + 2-9x + +  (Oliveira et al. 2015) 

20, M Spanish c.810T>A 
(p.Tyr270*) 

c.810T>A 
(p.Tyr270*) 4m 4y 6m - Sitter + + Normal - Normal + 2x + +  (Castro-Gago et al. 2016) 

21, F Italian c.648C>A 
(p.Tyr216*) 

p c.648C>A 
(p.Tyr216*) Birth 9y 2y Walker - + (Severe) Normal - Normal - 7-8x + +  (Cabrera-Serrano et al. 2015) 

22, M Moroccan c.248-249insT 
(p.Arg84Profs*209) 

c.248-249insT 
(p.Arg84Profs*209) 16m 10y 1y 4m Walker - + (Severe) NA - + - 26-27x + + Heart transplantation (10y) (Vanlander et al. 2016) 

23, F Italian c.565_568delTTTG 
(p.Leu188fs*7) 

c.565_568delTTTG 
(p.Leu188fs*7) Birth 11y 30m Walker 

(waddling gait) - + (Severe) Normal + Normal + 2x + +  (Marchet et al. 2019) 

24, F Italian 
(sister #23) 

c.565_568delTTTG 
(p.Leu188fs*7) 

c.565_568delTTTG 
(p.Leu188fs*7) 1m 10y 18m Walker + (Severe) + (Severe) NA - DCM (9y) + 6x + + Death (10y) (Marchet et al. 2019) 

25, F Italian c.140_146del 
(p.Arg47Profs*21) 

c.1066_1067delTG 
(p.Trp356Valfs*72) Birth 13y 2y Walker 

(waddling gait) + (Severe) + (Severe) NA + Normal - 2x + +  (Marchet et al. 2019) 

26, F Chinese c.598del 
(p.Gln200Argfs*11) 

c.598del 
(p.Gln200Argfs*11) 12m 12y 5y Walker - + (Moderate) Normal - Normal - 2-3x + NA  Chan 2020 

27, F Chinese c.598del 
(p.Gln200Argfs*11) 

c.598del 
(p.Gln200Argfs*11) 14m 9m 1y 6m Walker + 

(Moderate) + (Severe) Normal - - - 2-3x + +  Chan 2020 

28, F South India c.1027dupA 
(p.Ser343Lysfs*86) 

c.1027dupA 
(p.Ser343Lysfs*86) 7m 6y 2y 6m Walker + + (Severe) NA - Normal + 3-7x NA +  (Bardhan et al. 2021) 

29, F South India c.224+1G>T 
r.spl. 

c.224+1G>T  
r.spl. 5m 6y No Sitter + + (Severe) Mild brain atrophy, thin corpus 

callosum, enlarged ventricles - Normal + 3x NA NA Rett syndrome (Bardhan et al. 2021) 

30, M South India 
(brother #29) 

c.224+1G>T 
r.spl. 

c.224+1G>T  
r.spl. 3y 3y No Sitter + (Severe) + (Severe) NA - NA - NA NA NA Rett syndrome (Bardhan et al. 2021) 

31, M West of India c.1123C>T 
(p.Gln375*) 

c.1123C>T 
(p.Q375) 6m 7y NA Walker 

(with support) + (Severe) + (Severe) NA - Normal - NA NA NA Rett syndrome (Bardhan et al. 2021) 

32, F Turkish (?) c.818+1G>A  
r.spl. 

c.818+1G>A  
r.spl. 1y 9y 4y Walker + + (Severe) Normal + DCM - 5-9x + +  (Kutluk et al. 2020) 

33, M Turkish (?) c.1031+1G>A 
r.spl. 

c.1031+1G>A 
r.spl. 9m 8y 6m 5y Walker + + (Mild) Normal - Normal - 5-9x + +  (Kutluk et al. 2020) 

Group 2 (missense, in-frame) 

34, M Turkish c.1007_1010delAGA c.1007_1010delAGA 4y 14y 5m 1y 6m Walker + (Mild) + (Moderate) Enlarged ventricles - - - 6x + +  Haliloglu et al. 2015 

35, F British c.881C>G c.722A>G 2y 22y 1y 1m Walker - + Normal + DCM (18y) - 2x + + Lost Deambulation (21y) (Quinlivan et al. 2013; Mitsuhashi and Nishino 2013) 



(p.Pro294Arg) (p.Asn241Ser) 

36, M British c.722A>G 
(p.Asn241Ser) 

c.722A>G 
(p.Asn241Ser) 3y 3y 2y 6m Walker NA + (Mild) Normal - - + 5x + +  (Quinlivan et al. 2013; Mitsuhashi and Nishino 2013) 

37, M French c.581G>A 
(p.Arg194Gln) 

c.581G>A 
(p.Arg194Gln) 2y NA 2y Walker + + NA - NA NA Raised + +  (Mitsuhashi and Nishino 2013) 

38, F Canadian c.950T>A 
(p.Leu317Gln) 

c.263C>T 
(p.Pro88Leu) 16y 40y Normal Walker - - NA - Normal - 5-40x + + Myalgias, worsening after 

stress/illness (Brady et al. 2016) 

39, M Canadian 
(brother #36) 

c.950T>A 
(p.Leu317Gln) 

c.263C>T 
(p.Pro88Leu) 15y 36y Normal Walker - - NA - Normal - 40 x + + Rhabdomyolysis occasional (Brady et al. 2016) 

40, M Indian c.722A>G 
(p.Asn241Ser) 

c.722A>G 
(p.Asn241Ser) 6m 11y 1y 1m Walker - + (Severe) Normal - - - 5-6x + + Onset after illness (De Goede et al. 2016) 

41, F Bulgarian c.701C>T 
(p.Ser234Leu) 

c.701C>T 
(p.Ser234Leu) 16y 35y 1y Walker - + (Mild) Normal - - - 8-9x + +  (De Fuenmayor-Fernández De La Hoz et al. 2016) 

42, F South India c.581G>A 
(p.Arg194Gln) 

c.581G>A 
(p.Arg194Gln) 5y 12y 2y Walker - + (Mild) Normal - Normal No 5-13x + +  (Bardhan et al. 2021) 

43, F Turkish c.847G>A 
(p.Glu283Lys) 

c.847G>A 
(p.Glu283Lys) 38d 8y 2m No Sitter - + Normal - - (PDA) - 1-2 x + +  Haliloglu et al. 2015 

44, M Turkish c.1130G>T 
(p.Arg377Leu) 

c.1130G>T 
(p.Arg377Leu) 1y 18y 2y Walker - + (Mild) NA - - - 5-6x + +  (Mitsuhashi et al. 2011; Haliloglu et al. 2015; Mitsuhashi and Nishino 

2013) 

45, F Turkish c.554_562del 
(p.Pro185_Trp187del) 

c.554_562del 
(p.Pro185_Trp187del) 17y 23y 3y Walker + (Severe) + (Severe) NA + - - 13x + +  (Mitsuhashi et al. 2011; Haliloglu et al. 2015; Mitsuhashi and Nishino 

2013) 

 
Supplementary Table 1 
Clinical, instrumental, histological and molecular features of CHKB-mutated MCMD patients reported so far (y: years; m: months; d: days; NA: not assessed; 
DCM: dilated cardiomyopathy; LVFS: left ventricular systolic function; PDA: Patent ductus arteriosus). 
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Supplementary Materials and Methods 

Histological and immunohistochemical analysis 

Tissue specimen was frozen in isopentane-cooled liquid nitrogen and processed according to standard 

techniques. For histological analysis, 8 µm-thick cryosections were picked and processed for routine 

staining with Haematoxylin and Eosin (H&E), Modified Gomori Trichrome (MGT), myosin ATPase 

(pH 9.4-4.6-4.3), cytochrome c oxidase (COX), succinate dehydrogenase (SDH), phosphatase acid, 

NADH, Oil Red O, Periodic Acid Schiff (PAS).  

Immunohistochemical analyses were performed on 8-µm-thick muscle cryosections after fixation 

with cold acetone for 3 min. After blocking with 1% BSA in PBS and permeabilization with 0.1% 

TritonX-100 in PBS, sections were incubated with primary antibodies: anti-caveolin-3 (BD 

Transduction, Franklin Lakes, NJ, USA), anti-p62/SQSTM1 (Abcam, Cambridge, UK), anti-LC3A 

(ThermoFisher, Waltham, MA, USA), anti-dystrophin Rod domain (NCL-DYS1), anti-dystrophin C-

terminus (NCL-DYS2), anti-dystrophin NH2-terminus, anti-SG-alpha, SG-gamma, all from 

Novocastra Leica Biosystem, Newcastle upon Tyne, UK After washing, sections were incubated with 

secondary Alexa Fluor 488-labeled goat anti rabbit and Alexa Fluor 568-labeled goat anti mouse. 

Sections were mounted in antifade mounting medium with DAPI (Vectashield Vibrance, Vector 

Laboratories, Burlingame, CA, USA). Images fields were acquired at 40X using optical microscope 

Leica DM4000B equipped with DFC420C camera. 

 

Electron microscopy 

For ultrastructural examination a small part of muscle sample was fixed in 2.5% glutaraldehyde 

(pH 7.4), post fixed in 2% osmium tetroxide and then, after dehydration in a graded series of ethanol, 

embedded in Epon’s resin. Finally, ultrathin sections were stained with lead citrate and uranyl acetate 

and examined with Zeiss EM109 transmission electron microscope. 

 

Molecular studies 

Genomic DNA was extracted from peripheral blood samples according to standard procedures. 

CHKB coding regions and intronic boundaries were re-sequenced for molecular testing and 

segregation studies by Sanger sequencing on an ABI Prism 3130 platform.  

mRNA was isolated from tissues and cells with Eurozol. Then, cDNA was produced through 

reverse transcription polymerase chain reaction (RT-PCR) using the RT Maxima Reverse 

Transcription Master Mix (Thermo Fisher). RT-PCR amplicons were electrophoresed on agarose gels 



before direct seqeucning. Cloning experiments were performed by using TOPO-TA Cloning system 

(Life Technologies). All the primers are available upon request. 

 

Biochemical studies 

Levels of MFN2 and DRP1 proteins were evaluated in total lysates of muscle in a 4-12% SDS-PAGE 

by using appropriate monoclonal antibodies (MFN-2: D1E9 11925S Cell Signalling 1:1000; DRP-1 

abcam ab56788 1:500). Licor Odissey FC was used for image acquisition and analysis. The amount 

of proteins was detected using florescent secondary antibodies (LI-COR IR-DYE 800 -680 CW). 

Actin (Sigma A2066) was used for normalization purpose. A cocktail of antibodies was used to assess 

mitochondrial respiratory chain subunits (abcam ab110411, 1:1000). The mitochondrial PORIN 

(VDAC) was assayed by using a specific antibody (abcam ab15895, 1:1500).  

Mitochondrial respiratory chain enzyme and citrate synthase activities were measured 

spectrophotometrically as previously described (Galbiati et al., 2006). The specific activity of each 

complex was normalized to that of citrate synthase. 
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