
485

The continuing Conundrum regarding  
MECP2 variants in Males

Copy Right@ Alan K Percy MD

This work is licensed under Creative Commons Attribution 4.0 License  AJBSR.MS.ID.002260.

American Journal of
Biomedical Science & Research

www.biomedgrid.com

---------------------------------------------------------------------------------------------------------------------------------
ISSN: 2642-1747

Opinion

Alan K Percy MD1*, Amitha Ananth MD1 and Jeffrey L Neul2

1University of Alabama at Birmingham, Birmingham, AL

2Vanderbilt University Medical Center, Nashville, TN

*Corresponding author: Alan K Percy MD, University of Alabama at Birmingham, 1600 7th Avenue South, Lowder 416, Birmingham, 
AL 35233, US.

To Cite This Article: Alan K Percy MD, Amitha Ananth MD, Jeffrey L Neul. The continuing Conundrum regarding MECP2 variants in Males. Am 
J Biomed Sci & Res. 2022 - 16(5). AJBSR.MS.ID.002261. DOI: 10.34297/AJBSR.2022.16.002261

Received:  June 22, 2022;  Published:   June 28, 2022

Opinion
Rett syndrome (RTT) was first recognized by Andreas Rett 

nearly sixty years ago [1] and came to international attention 
following the landmark publication of Hagberg et al. in 1983 [2].  
Subsequent studies sought to identify the molecular underpinnings 
of this rare neurodevelopmental disorder as a genetic etiology 
seemed to be the most likely mechanism regarding its causation.  
In 1999, Amir et al. established that RTT is caused by variants in 
the methyl-CpG-binding protein 2 (MECP2) gene located a Xq28 [3].  
At present, more than 96% of individuals fulfilling the diagnostic 
criteria for RTT have a variant in this gene [4].  As an X-linked 
dominant disorder, its occurrence solely in females was expected 
and the presence of MECP2 variants in males was initially regarded 
as lethal.  Subsequently, numerous reports emerged in the decade 
after the gene discovery describing males with MECP2 variants and 
clinical features ranging from developmental delay to significant 
neonatal encephalopathy [5-19].  Yet, the notion that pre-term 
or early neonatal male lethality is likely has remained even to 
the present day [20], plus two reports from rettsyndromenews.
com/2021/12/15 and rettsyndromenews.com/2022/05/25.  
Adding to the confusion, the presence of classic RTT in males with 
MECP2 variants and X-chromosome mosaicism is well-documented, 
either due to somatic mosaicism or in association with Klinefelter 
syndrome, a 47XXY chromosomal disorder.  This has been 
documented since MECP2 was first associated with RTT [21-23].   

 
In both instances, males had two populations of X-chromosomes 
just as in females, allowing them to fulfill the established criteria 
for classic RTT [4]. 

Recently, data from the US Natural History Study (NHS) of 
RTT and RTT-related disorders were examined yielding 30 males 
with MECP2 variants [24].  Among these males, a wide phenotypic 
spectrum occurred ranging from severe neonatal encephalopathy 
with significant respiratory instability to mild to moderate cognitive 
impairment.  Two males had somatic mosaicism and were deemed 
to meet clinical criteria for classic RTT.  Sixteen males had variants 
seen in females with RTT, nine males had likely pathogenic variants 
not previously seen in females with RTT, and three males had 
variants of uncertain pathogenesis.  While fourteen of the sixteen 
males sharing variants seen in females with RTT did have a period 
of regression and could be considered to meet the first criteria 
for atypical RTT from that perspective, their clinical presentation 
and overall course was more severe and their RTT features less 
impressive than that observed in females with atypical RTT.  As 
a result, it was felt that these males should be characterized or 
designated as a new diagnostic entity, male RTT encephalopathy, 
to distinguish them from females with atypical RTT. 

To indicate the breadth of neurodevelopmental delay, two of 
the males with variants not seen in females with RTT, including 
one with the A140V variant, had relatively mild cognitive 
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impairment.  The A140V variant, noted in the references above as 
well in subsequent publications, was initially described as causing 
developmental delay only in males.  More recently, descriptions of 
neurologic or psychiatric manifestations have been seen in females 
with this variant as well [9,13,25,26].

The predominance of RTT in females is due principally to the 
primary occurrence of variants in MECP2 arising as de novo events 
in rapidly dividing germinal cells, namely, in paternal sperm [27-
29].  As such, these X chromosomes from paternal germinal cells 
could only result in female offspring, hence, resulting in the female 
preponderance of individuals with these variants.  In contrast, 
males with MECP2 variants arise from female carriers who are 
completely normal phenotypically or have mild developmental 
delays as previously described [5,19].  Males may also result from 
de novo occurrences in the ovum.  Indeed, the recent US Natural 
History data report [24] revealed virtually equal numbers of 
vertical transmission and de novo events.  Twelve of the twenty-
four mothers tested demonstrated vertical transmission from 
the mothers to their sons; one was presumed to result by this 
mechanism as his sister also had the same variant.  The remaining 
eleven were shown to be de novo events.

Following the US NHS report, at least an additional sixty males 
with MECP2 variants were identified through the International 
Rett Syndrome Foundation.  Many of these males were from the 
US, but not seen in the NHS due to their severe encephalopathy 
which prevented them from being seen in one of the US NHS 
sites.  Subsequently, a more complete list, including males from 
international sites, has been developed.  This includes as many as 
thirty males known through the group or from published reports 
with somatic mosaicism, one with Klinefelter syndrome, twelve 
with severe encephalopathy, and as many as thirty with male 
RTT encephalopathy.  Currently, efforts are in progress to obtain 
comprehensive clinical information and genetic testing results 
through virtual assessments from as many of these males as 
possible.  Genetic testing will be accomplished for those who have 
been evaluated previously but lack formal molecular testing.

One of the long-term concerns raised by the parents or 
caregivers of these affected males is that access to emerging 
therapies currently being evaluated in females with RTT as well 
as future therapies such as the proposed gene therapies may be 
hampered or even blocked by their failure to meet the established 
clinical criteria for RTT.  This reflects an inherent bias that needs 
to be eliminated.  Indeed, one of the concerns regarding gene 
therapy in females with RTT is the potential over-expression of 
the normal gene, resulting in the same situation already known 
to exist, predominantly in males, the MECP2 Duplication Disorder.  

This disorder was predicted shortly after the identification of the 
genetic basis for RTT [30].  Its occurrence was established shortly 
thereafter through a number of different investigations [31-
37].  This disorder also has very significant neurodevelopmental 
features.  Therefore, gene replacement in the female with RTT must 
be modulated to as not to over-express the gene in the population 
of cells already expressing the normal copy of MECP2.  As such, 
gene replacement treatment in males in which all cells express the 
variant gene would not have this limitation.

Conclusion
MECP2 variants in males, while being significantly less 

common than RTT in females, is a not-insignificant challenge for 
parents or other caregivers.  It represents striking differences from 
RTT allowing it to escape early diagnosis.  Nonetheless, its early 
recognition is essential to confirm the proper treatment strategy.  
The occurrence of male MECP2 variants is not lethal and deserves 
the same level of care provided to all with neurodevelopmental 
disorders.

References
1. Rett A (1966) On a unusual brain atrophy syndrome in hyperammonemia 

in childhood. Wien Med Wochenschr 116(37): 723-726.

2. Hagberg B, Aicardi J, Dias K, Ramos O (1983) A progressive syndrome of 
autism, dementia, ataxia, and loss of purposeful hand use in girls: Rett’s 
syndrome: report of 35 cases. Ann Neurol 14(4): 471-479.

3. Amir RE, Van den Veyver IB, Wan M, Tran CQ, Francke U, et al. (1999) 
Rett syndrome is caused by mutations in X-linked MECP2, encoding 
methyl-CpG-binding protein 2. Nat Genet 23(2): 185-188.

4. Neul JL, Kaufmann WE, Glaze DG, Christodoulou J, Clarke AJ, et al. (2010) 
Rett syndrome: revised diagnostic criteria and nomenclature. Ann 
Neurol 68(6): 944-950.

5. Schanen C, Francke U (1998) A severely affected male born into a Rett 
syndrome kindred supports X-linked inheritance and allows extension 
of the exclusion map. Am J Hum Genet 63(1): 267-269.

6. Orrico A, Lam C, Galli L, Dotti MT, Hayek G, et al. (2000) MECP2 mutation 
in male patients with non-specific X-linked mental retardation. FEBS 
Lett 481(3): 285-288.

7. Schanen C (2001) Rethinking the fate of males with mutations in the 
gene that causes Rett syndrome. Brain Dev 23(1): 144-146.

8. Dotti MT, Orrico A, De Stefano N, Battisti C, Sicurelli F, et al. (2002) A 
Rett syndrome MECP2 mutation that causes mental retardation in men. 
Neurology 58(2): 226-230.

9. Winnepenninckx B, Errijgers V, Hayez Delatte F, Reyniers E, Frank Kooy 
R (2002) Identification of a family with nonspecific mental retardation 
(MRX79) with the A140V mutation in the MECP2 gene: is there a need 
for routine screening? Hum Mutat 20(4): 249-252.

10. Bourdon V, Philippe C, Martin D, Verloes A, Grandemenge A, Jonveaux P 
(2003) MECP2 mutations or polymorphisms in mentally retarded boys: 
diagnostic implications. Mol Diagn 7(1): 3-7.

11. Gomot M, Gendrot C, Verloes A, Raynaud M, David A, et al. (2003) 
MECP2 gene mutations in non-syndromic X-linked mental retardation: 
phenotype-genotype correlation. Am J Med Genet A 123(2): 129-139.

https://www.scienceopen.com/document?vid=a3e26082-a215-4c44-ba51-798c354e8e23
https://www.scienceopen.com/document?vid=a3e26082-a215-4c44-ba51-798c354e8e23
https://www.semanticscholar.org/paper/A-progressive-syndrome-of-autism%2C-dementia%2C-ataxia%2C-Hagberg-Aicardi/3ccb874d36f8509b72892a31c61177360a1f5555
https://www.semanticscholar.org/paper/A-progressive-syndrome-of-autism%2C-dementia%2C-ataxia%2C-Hagberg-Aicardi/3ccb874d36f8509b72892a31c61177360a1f5555
https://www.semanticscholar.org/paper/A-progressive-syndrome-of-autism%2C-dementia%2C-ataxia%2C-Hagberg-Aicardi/3ccb874d36f8509b72892a31c61177360a1f5555
https://europepmc.org/article/med/10508514
https://europepmc.org/article/med/10508514
https://europepmc.org/article/med/10508514
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3058521/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3058521/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3058521/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1377262/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1377262/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1377262/
https://www.sciencedirect.com/science/article/pii/S0014579300019943
https://www.sciencedirect.com/science/article/pii/S0014579300019943
https://www.sciencedirect.com/science/article/pii/S0014579300019943
https://www.sciencedirect.com/science/article/abs/pii/S0387760401003400
https://www.sciencedirect.com/science/article/abs/pii/S0387760401003400
https://n.neurology.org/content/58/2/226
https://n.neurology.org/content/58/2/226
https://n.neurology.org/content/58/2/226
https://onlinelibrary.wiley.com/doi/abs/10.1002/humu.10130
https://onlinelibrary.wiley.com/doi/abs/10.1002/humu.10130
https://onlinelibrary.wiley.com/doi/abs/10.1002/humu.10130
https://onlinelibrary.wiley.com/doi/abs/10.1002/humu.10130
https://link.springer.com/article/10.1007/BF03260014
https://link.springer.com/article/10.1007/BF03260014
https://link.springer.com/article/10.1007/BF03260014
https://onlinelibrary.wiley.com/doi/10.1002/ajmg.a.20247
https://onlinelibrary.wiley.com/doi/10.1002/ajmg.a.20247
https://onlinelibrary.wiley.com/doi/10.1002/ajmg.a.20247


Am J Biomed Sci & Res

American Journal of Biomedical Science & Research

Copy@ Alan K Percy MD

487

12. Moog U, Smeets EE, van Roozendaal KE, Schoenmakers S, Herbergs J, et 
al. (2003) Neurodevelopmental disorders in males related to the gene 
causing Rett syndrome in females (MECP2). Eur J Paediatr Neurol 7(1): 
5-12.

13. dos Santos JM, Abdalla CB, Campos M, Santos Reboucas CB, Pimentel 
MM (2005) The A140V mutation in the MECP2 gene is not a common 
etiological factor among Brazilian mentally retarded males. Neurosci 
Lett 379(1): 13-16.

14. Ylisaukko Oja T, Rehnstrom K, Vanhala R, Kempas E, von Koskull H, et al. 
(2005) MECP2 mutation analysis in patients with mental retardation. 
Am J Med Genet A 132(2): 121-124.

15. Kankirawatana P, Leonard H, Ellaway C, Scurlock J, Mansour A, et al. 
(2006) Early progressive encephalopathy in boys and MECP2 mutations. 
Neurology 67(1): 164-166.

16. Dayer AG, Bottani A, Bouchardy I, Fluss J, Antonarakis SE, Haenggeli CA, 
et al. (2007) MECP2 mutant allele in a boy with Rett syndrome and his 
unaffected heterozygous mother. Brain Dev 29(1): 47-50.

17. Villard L (2007) MECP2 mutations in males. J Med Genet 44(7): 417-423.

18. Schule B, Armstrong DD, Vogel H, Oviedo A, Francke U (2008) Severe 
congenital encephalopathy caused by MECP2 null mutations in males: 
central hypoxia and reduced neuronal dendritic structure. Clin Genet 
74(2): 116-126.

19. Augenstein K, Lane JB, Horton A, Schanen C, Percy AK (2009) Variable 
phenotypic expression of a MECP2 mutation in a family. J Neurodev 
Disord 1(4): 313-317.

20. Chen Y, Yu J, Niu Y, Qin D, Liu H, Li G, et al. (2017) Modeling Rett Syndrome 
Using TALEN-Edited MECP2 Mutant Cynomolgus Monkeys. Cell 169(5): 
945-955.

21. Clayton Smith J, Watson P, Ramsden S, Black GC (2000) Somatic mutation 
in MECP2 as a non-fatal neurodevelopmental disorder in males. Lancet 
356(9232): 830-832.

22. Couvert P, Bienvenu T, Aquaviva C, Poirier K, Moraine C, et al. (2001) 
MECP2 is highly mutated in X-linked mental retardation. Hum Mol Genet 
10(9): 941-946.

23. Vorsanova SG, Demidova IA, Kolotii AD, Kurinnaia OS, Kravets 
VS, et al. (2022) Klinefelter syndrome mosaicism in boys with 
neurodevelopmental disorders: a cohort study and an extension of the 
hypothesis. Mol Cytogenet 15(1): 8.

24. Neul JL, Benke TA, Marsh ED, Skinner SA, Merritt J, Lieberman DN, et 
al. (2019) The array of clinical phenotypes of males with mutations in 
Methyl-CpG binding protein 2. Am J Med Genet B Neuropsychiatr Genet 
180(1): 55-67.

25. Venkateswaran S, McMillan HJ, Doja A, Humphreys P (2014) Adolescent 
onset cognitive regression and neuropsychiatric symptoms associated 
with the A140V MECP2 mutation. Dev Med Child Neurol 56(1): 91-94.

26. Lambert S, Maystadt I, Boulanger S, Vrielynck P, Destree A, et al. 
(2016) Expanding phenotype of p.Ala140Val mutation in MECP2 in a 4 
generation family with X-linked intellectual disability and spasticity. Eur 
J Med Genet 59(10): 522-525.

27. Thomas GH (1996) High male:female ratio of germ-line mutations: an 
alternative explanation for postulated gestational lethality in males in 
X-linked dominant disorders. Am J Hum Genet 58(6): 1364-1368.

28. Girard M, Couvert P, Carrie A, Tardieu M, Chelly J, et al. (2001) Parental 
origin of de novo MECP2 mutations in Rett syndrome. Eur J Hum Genet 
9(3): 231-236.

29. Zhu X, Li M, Pan H, Bao X, Zhang J, et al. (2010) Analysis of the parental 
origin of de novo MECP2 mutations and X chromosome inactivation in 
24 sporadic patients with Rett syndrome in China. J Child Neurol 25(7): 
842-848.

30. Collins AL, Levenson JM, Vilaythong AP, Richman R, Armstrong DL, 
et al. (2004) Mild overexpression of MeCP2 causes a progressive 
neurological disorder in mice. Hum Mol Genet 13(21): 2679-2689.

31. del Gaudio D, Fang P, Scaglia F, Ward PA, Craigen WJ, et al. (2006) 
Increased MECP2 gene copy number as the result of genomic 
duplication in neurodevelopmentally delayed males. Genet Med 8(12): 
784-792.

32. Friez MJ, Jones JR, Clarkson K, Lubs H, Abuelo D, et al. (2006) Recurrent 
infections, hypotonia, and mental retardation caused by duplication of 
MECP2 and adjacent region in Xq28. Pediatrics 118(6): 1687-1695.

33. Bauters M, Van Esch H, Friez MJ, Boespflug Tanguy O, Zenker M, et 
al. (2008) Nonrecurrent MECP2 duplications mediated by genomic 
architecture-driven DNA breaks and break-induced replication repair. 
Genome Res 18(6): 847-858.

34. Lugtenberg D, Kleefstra T, Oudakker AR, Nillesen WM, Yntema HG, et 
al. (2009) Structural variation in Xq28: MECP2 duplications in 1% 
of patients with unexplained XLMR and in 2% of male patients with 
severe encephalopathy. Eur J Hum Genet 17(4): 444-453.

35. Ramocki MB, Peters SU, Tavyev YJ, Zhang F, Carvalho CM, et al. (2009) 
Autism and other neuropsychiatric symptoms are prevalent in 
individuals with MeCP2 duplication syndrome. Ann Neurol  66(6): 
771-782.

36. Van Esch H, Bauters M, Ignatius J, Jansen M, Raynaud M, et al. (2005) 
Duplication of the MECP2 region is a frequent cause of severe mental 
retardation and progressive neurological symptoms in males. Am J 
Hum Genet 77(3): 442-453.

37. Van Esch H (2012) MECP2 Duplication Syndrome. Mol Syndromol 2(3-
5): 128-136.

https://www.sciencedirect.com/science/article/abs/pii/S0304394004015605
https://www.sciencedirect.com/science/article/abs/pii/S0304394004015605
https://www.sciencedirect.com/science/article/abs/pii/S0304394004015605
https://www.sciencedirect.com/science/article/abs/pii/S0304394004015605
https://onlinelibrary.wiley.com/doi/10.1002/ajmg.a.30416
https://onlinelibrary.wiley.com/doi/10.1002/ajmg.a.30416
https://onlinelibrary.wiley.com/doi/10.1002/ajmg.a.30416
https://n.neurology.org/content/67/1/164
https://n.neurology.org/content/67/1/164
https://n.neurology.org/content/67/1/164
https://journals.scholarsportal.info/details/00099163/v74i0002/116_scecbmharnds.xml
https://journals.scholarsportal.info/details/00099163/v74i0002/116_scecbmharnds.xml
https://journals.scholarsportal.info/details/00099163/v74i0002/116_scecbmharnds.xml
https://journals.scholarsportal.info/details/00099163/v74i0002/116_scecbmharnds.xml
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2819215/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2819215/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2819215/
https://isiarticles.com/bundles/Article/pre/pdf/122302.pdf
https://isiarticles.com/bundles/Article/pre/pdf/122302.pdf
https://isiarticles.com/bundles/Article/pre/pdf/122302.pdf
https://www.thelancet.com/journals/lancet/article/PIIS0140673600026611/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140673600026611/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140673600026611/fulltext
https://molecularcytogenetics.biomedcentral.com/articles/10.1186/s13039-022-00588-z
https://molecularcytogenetics.biomedcentral.com/articles/10.1186/s13039-022-00588-z
https://molecularcytogenetics.biomedcentral.com/articles/10.1186/s13039-022-00588-z
https://molecularcytogenetics.biomedcentral.com/articles/10.1186/s13039-022-00588-z
https://onlinelibrary.wiley.com/doi/full/10.1111/dmcn.12334
https://onlinelibrary.wiley.com/doi/full/10.1111/dmcn.12334
https://onlinelibrary.wiley.com/doi/full/10.1111/dmcn.12334
https://en.x-mol.com/paper/article/1212909218057494541
https://en.x-mol.com/paper/article/1212909218057494541
https://en.x-mol.com/paper/article/1212909218057494541
https://en.x-mol.com/paper/article/1212909218057494541
https://europepmc.org/article/pmc/1915043
https://europepmc.org/article/pmc/1915043
https://europepmc.org/article/pmc/1915043
https://journals.sagepub.com/doi/abs/10.1177/0883073809350722
https://journals.sagepub.com/doi/abs/10.1177/0883073809350722
https://journals.sagepub.com/doi/abs/10.1177/0883073809350722
https://journals.sagepub.com/doi/abs/10.1177/0883073809350722
https://read.qxmd.com/read/15351775/mild-overexpression-of-mecp2-causes-a-progressive-neurological-disorder-in-mice
https://read.qxmd.com/read/15351775/mild-overexpression-of-mecp2-causes-a-progressive-neurological-disorder-in-mice
https://read.qxmd.com/read/15351775/mild-overexpression-of-mecp2-causes-a-progressive-neurological-disorder-in-mice
https://www.scholars.northwestern.edu/en/publications/increased-mecp2-gene-copy-number-as-the-result-of-genomic-duplica
https://www.scholars.northwestern.edu/en/publications/increased-mecp2-gene-copy-number-as-the-result-of-genomic-duplica
https://www.scholars.northwestern.edu/en/publications/increased-mecp2-gene-copy-number-as-the-result-of-genomic-duplica
https://www.scholars.northwestern.edu/en/publications/increased-mecp2-gene-copy-number-as-the-result-of-genomic-duplica
https://publications.aap.org/pediatrics/article-abstract/118/6/e1687/69728/Recurrent-Infections-Hypotonia-and-Mental?redirectedFrom=fulltext
https://publications.aap.org/pediatrics/article-abstract/118/6/e1687/69728/Recurrent-Infections-Hypotonia-and-Mental?redirectedFrom=fulltext
https://publications.aap.org/pediatrics/article-abstract/118/6/e1687/69728/Recurrent-Infections-Hypotonia-and-Mental?redirectedFrom=fulltext
https://genome.altmetric.com/details/992373
https://genome.altmetric.com/details/992373
https://genome.altmetric.com/details/992373
https://genome.altmetric.com/details/992373
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.21715
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.21715
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.21715
https://onlinelibrary.wiley.com/doi/abs/10.1002/ana.21715
https://www.chop.edu/conditions-diseases/mecp2-duplication-syndrome
https://www.chop.edu/conditions-diseases/mecp2-duplication-syndrome

