
ORIGINAL ARTICLE
From the Atlant

Dermatology,b

School of Med

Emory Univers

Funding sources:

IRB approval stat

Accepted for pub
Cutaneous findings in
myotonic dystrophy
Ha Eun Kong, MD, PhD,b and Brian P. Pollack, MD, PhDa,b,c,d

Atlanta and Decatur, Georgia
Myotonic dystrophy types 1 and 2 are a group of complex genetic disorders resulting from the expansion of
(CTG)n nucleotide repeats in the DMPK gene. In addition to the hallmark manifestations of myotonia and
skeletal muscle atrophy, myotonic dystrophy also affects a myriad of other organs including the heart,
lungs, as well as the skin. The most common cutaneous manifestations of myotonic dystrophy are early
male frontal alopecia and adult-onset pilomatricomas. Myotonic dystrophy also increases the risk of
developing malignant skin diseases such as basal cell carcinoma and melanoma. To aid in the diagnosis
and treatment of myotonic dystrophy related skin conditions, it is important for the dermatologist to
become cognizant of the common and rare cutaneous manifestations of this genetic disorder. We
performed a PubMed search using the key terms ‘‘myotonic dystrophy’’ AND ‘‘cutaneous’’ OR ‘‘skin’’ OR
‘‘dermatologic’’ AND ‘‘manifestation’’ OR ‘‘finding.’’ The resulting publications were manually reviewed for
additional relevant publications, and subsequent additional searches were performed as needed, especially
regarding the molecular mechanisms of pathogenesis. In this review, we aim to provide an overview of
myotonic dystrophy types 1 and 2 and summarize their cutaneous manifestations as well as potential
mechanisms of pathogenesis. ( JAAD Int 2022;7:7-12.)
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BACKGROUND
Myotonic Dystrophy type 1 (DM1) and type 2

(DM2) are autosomal dominant disorders with clin-
ical manifestations that include myotonia, skeletal
muscle atrophy, as well as multiorgan derangements
such as heart conduction abnormalities, respiratory
insufficiency, insulin resistance, and testicular atro-
phy.1 The prevalence of DM1, the most common
type of myotonic dystrophy among adults, varies
from country to country, with an estimated preva-
lence of 5-20 per 100,000 in European populations.
Meanwhile, the prevalence in US populations has
not been well-studied.1,2 It appears that DM2 is
estimated to have a 5-fold lower prevalence than
DM1 in the United States, though epidemiological
studies are limited for DM2 as well.2

Although they share many similarities, DM1 and
DM2 can be distinguished by the differences in the
clinical presentation, the onset of symptoms, and the
absence of a congenital form of DM2 (Table I).1,3

DM1 is characterized by prominent myotonia that
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can be observed on clinical and electrodiagnostic
examinations, whereas the phenotype for DM2 is
milder. Furthermore, the weakness and muscle
wasting in DM1 affect the long finger flexors, facial
muscles, and dorsiflexors, whereas, in DM2, the
proximal muscles such as the shoulder girdle and
hip flexor muscles are commonly affected. DM2 is
also frequently associated with proximal muscular
pain and is commonly accompanied by a prior
diagnosis of fibromyalgia.2,3

GENETIC AND MOLECULAR MECHANISM
OF PATHOGENESIS

DM1 and DM2 have similar yet distinct genetic
and molecular mechanisms of pathogenesis
(Table I). First identified in 1909 by Steinert et al,
DM1 results from the expansion of (CTG)n nucleo-
tide repeats in the 3’ untranslated region of the gene
DMPK, located on chromosome 19q13.3, which
encodes DMPK (myotonic dystrophy protein ki-
nase).4-6 Asymptomatic individuals harbor between
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5 and 27 CTG repeats, while individuals carrying
more than 50 repeats display mild symptoms, and
severe symptoms are seen in individuals carrying up
to several kilobases of repeat expansions.4 In DM1,
the length of the repeat expansion correlates with
disease severity and earlier onset of disease.9,10

Furthermore, DM1 exhibits anticipation, in which
CAPSULE SUMMARY

d Though generally regarded as a
musculoskeletal disorder, myotonic
dystrophy affects multiple organs
including the skin, and confers increased
risk for developing benign and
malignant cutaneous disease.

d This article summarizes the cutaneous
manifestations of myotonic dystrophy
and provides an update on the current
understanding of the mechanisms of
pathogenesis.
the repeats expandwith each
subsequent generation, lead-
ing to increasing disease
severity and decreasing age
of onset.11,12

In contrast, discovered less
than 2 decades ago, DM2 is
caused by a (CCTG)n repeat
expansion in the intron of
the ZNF9 gene (Table I).
Normally, individuals carry
less than 30 repeats, whereas
DM2 patients carry between
55 and 11,000 repeats.7

Notably different from DM1,
in DM2 the repeat expansion
contracts with each subse-

quent generation, resulting in shorter repeats in the
children, which may explain the absence of a congen-
ital form ofDM2, aswell as the lack of anticipation and
late-onset disease.8

The fact that 2 different repeat-expansion muta-
tions in independent genes and foci share similar
clinical features points to a common mechanism of
pathogenesis.11 Like other repeat-expansion disor-
ders such as Fragile X-associated tremor/ataxia syn-
drome, the pathogenesis of DM1 and DM2 is thought
to result mainly from gain-of-function RNA toxicity,
in which mutant RNAs harboring the expanded
repeats accumulate in the cell nuclei forming ribo-
nuclear inclusions and lead to sequestration of RNA
binding proteins such as CUG-binding protein 1 and
muscle blind-like protein 1, perturbing their usual
function.13-16 Taneja et al17 have demonstrated the
accumulation of nuclear transcripts containing CUG
repeat expansion in both cultured fibroblasts and
skeletal muscle biopsies from DM patients.
Furthermore, seminal work by Timchenko and
colleagues over several decades led to the discovery
of the first of the sequestered RNA binding proteins,
CUG-binding proteins, which sequester to the CUG
trinucleotide repeat in the DMPK pre-mRNA and
affect the processing and turnover of the DMPK
mRNA.13,18-21

In addition to RNA toxicity, repeat associated non-
ATG translation (RAN translation) of the CAG repeats
is another mechanism that has been shown to
contribute to the pathogenesis of DM1 through the
accumulation of polyglutamine expansion proteins in
mouse models of DM1 as well as human tissue.22 RAN
translation has also been demonstrated in DM2,
through the expression of tetrapeptide poly-(LPAC)
and poly-(QAGR) RAN proteins in the brains of DM2
patients, not controls.23 LPAC RAN proteins were
demonstrated to be present in neurons, astrocytes,
and glia in the gray matter of
DM2 autopsy brains, while
antisense QAGR proteins
accumulated within the white
matter of DM2 patients.23

In vivo, mouse models of
DM1 have demonstrated that
the CTG repeats lead to skel-
etal muscle weakness and
myotonia.24-26 Mankodi
et al24were the first to demon-
strate that the expression of
CUG transcripts is sufficient to
generate the DM phenotype
in mice, supporting RNA-
gain-of-function as playing a
crucial role in disease patho-
genesis. Despite herculean efforts in the field, much
still remains to be known regarding the mechanistic
role of the mutant CTG repeats and the associated
contributions of RNA toxicity, RAN translation, and
other mechanisms in the molecular pathogenesis of
DM1.13 In particular, studies have been limited on the
molecular pathogenesis of DM2 and necessitates
further research.13

BENIGN CUTANEOUS MANIFESTATIONS
The most frequent cutaneous features in DM1 are

early male frontal alopecia and the development of
pilomatricomas that manifest as small firm papules/
nodules that are frequently calcified (Table II).1,27

Multiple pilomatricomas are rare and have
been associated with a number of syndromes
including myotonic dystrophy, familial adenoma-
tous polyposis-related syndrome (including Gardner
syndrome), Turner syndrome, and Rubinstein-Taybi
syndrome.28 The association between DM and pilo-
matricomas was first described in 1965 and has been
followed by numerous case reports.29-32 A review in
2011 identified 35 published cases to date on the
association between DM and pilomatricoma, 89% of
which described myotonic dystrophy patients with
multiple pilomatricomas.30 In contrast to nonsyn-
dromic pilomatricomas, DM-associated pilomatrico-
mas commonly manifest in adulthood and often
originate in the scalp.30,33 Interestingly, in DM1,
pilomatricomas can also develop as isolated lesions
in childhood and may serve to herald the first sign of



Abbreviations used:

BCC: basal cell carcinoma
DMPK: myotonic dystrophy protein kinase
DM1: myotonic dystrophy type 1
DM2: myotonic dystrophy type 2
RAN: repeat associated non-ATG
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disease.1 In fact, a recent article has alerted pediatric
dermatologists to investigate for an underlying syn-
drome if a patient presents with greater than 6
pilomatricomas or presents with less than 6 piloma-
tricomas and relevant family history such as the
family history of myotonic dystrophy.28

Nonsyndromic pilomatricomas are known to be
caused by somatic mutations in CTNNB1, the gene
that encodes b-catenin, an intracellular protein that
functions as a downstream effector of the Wnt
signaling pathway, and also plays a role in intercel-
lular adhesion.34,35 In nonsyndromic pilomatrico-
mas, the somatic mutation results in a mutant
b-catenin that is resistant to ubiquitination and
phosphorylation and accumulates in the nucleus
and cytoplasm of the matrix (basaloid) cells.34,36

The increased levels of b-catenin lead to the activa-
tion of transcription, increased Wnt signaling,
decreased apoptosis, and abnormal proliferation,
resulting in pilomatricoma. It has been proposed
that the increased susceptibility to pilomatricomas in
muscular dystrophy patients may also occur via
dysregulation of the Wnt/b-catenin signaling
pathway.30 Alternative hypotheses suggest that the
accumulation of untranslated repeat RNA in the cell
nucleus may result in either direct or indirect
interference of DNA proofreading or replication.33

Recently, R€ubben et al33 investigated the molec-
ular mechanisms behind the development of multi-
ple pilomatricomas and cancer in patients with DM1
by sequencing CTNNB1 in 5 samples; 4 pilomatrico-
mas and 1 pilomatrical carcinoma that developed in
1 patient with molecularly diagnosed DM1. They
identified multiple different somatic mutations that
are not shared between the 5 samples and hypoth-
esized that the simultaneous transcription of the
mutated DMPK and CTNNB1 genes in the cycling
hair follicles may result in tissue and gene-specific
hypermutability of DM1 patients. Given the small
sample size of this study, it would be most valuable
to conduct a larger-scale study in order to validate
the hypermutability hypothesis and to screen for any
driver mutations in CTNNB1 that may contribute to
the development of pilomatricomas in DM1 patients.

Furthermore, DM1 and DM2 have also been
associated with clinical nevi abnormalities and signs
of premature aging, with a higher frequency of
dysplastic nevi, xerosis, alopecia, and seborrheic
dermatitis (Table II).37 Interestingly, in DM1, the
number of nevi was demonstrated to correlate with
the size of the CTG expansion.37 Furthermore, in
addition to pilomatricomas and dysplastic nevi, other
benign neoplasms have been associated with DM
as well. One case report described a 63-year-old
woman with DM1 presenting with multiple heman-
giomas of the tongue and oral cavity.38
SKIN CANCER AND MYOTONIC
DYSTROPHY

In addition to its association with benign cuta-
neous neoplasms, myotonic dystrophy has also been
linked tomalignant skin cancers, especially basal cell
carcinoma (BCC) (Table II). In 1986, dermatologists
in Germany first reported the association between
myotonic muscular dystrophy and BCC.39 Since
then, 9 case reports have been published on DM1
patients presenting with multiple BCC suggesting an
association between the repeat-expansion disorder
and BCC.40 A UK retrospective study on 1061 DM1
patients and 15,119 DM1-free matched individuals in
the UK Clinical Practice Research Datalink demon-
strated an increased risk of all skin cancers in DM1
patients compared to their matched DM1-free con-
trols, with the highest risk for BCC (hazard ratio, 5.78;
95% CI, 3.36-9.92; P \ .0001).41 DM1 patients also
demonstrated an approximately 2-fold increase in
melanoma risk, though not statistically significant.41

Interestingly, there were no reports of squamous cell
carcinoma incidence in these DM1 patients.41 A
smaller study conducted in Spain of 102 Caucasian
patients demonstrated that the mean age at diagnosis
was significantly lower among patients with DM1
compared to controls, which further substantiates
the argument that DM1 may predispose patients to
the development of BCC.42

Although most data on skin cancers associated
with DM are limited to BCC, a meta-analysis of 5
cohort studies (2 clinic-based and 3 population-
based) of 2779 patients in multiple countries
(Sweden, Denmark, France, Spain, US) affirmed
that patients with myotonic dystrophy are at
increased risk of cutaneous melanoma (P = .005).43

Notably, this meta-analysis included patients with
both DM1 and DM2. Furthermore, a study of 927
DM1 patients and 13,085 DM1-free individuals in the
UK Clinical Practice Research Datalink demonstrated
that classic DM1 patients are at an increased risk of
cancer overall, including cancers of the thyroid,
uterus, and cutaneous melanoma.44 They went on



Table I. Brief comparison of DM1 and DM2

Disease characteristic DM1 DM2

Genetics4-7 CTG repeat expansion in 39UTR of DMPK
Repeat expansion with each subsequent
generation

CCTG repeat expansion in an intron of ZNF9
Repeat contraction with each subsequent
generation

Onset8 0-adult 8-60 years
Clinical
presentation2,3

Prominent myotonia
Weakness and muscle wasting in long
finger flexors, facial muscles, and
dorsiflexors

Mild myotonia
Weakness in proximal muscles (shoulder girdle, hip
flexors muscles)

Proximal muscular pain
Prior diagnosis of fibromyalgia

Congenital form8 Present Absent

DM1, Myotonic dystrophy type 1; DM2, myotonic dystrophy type 2.

Table II. Benign and malignant cutaneous
manifestations of DM1 and DM2

Neoplasm

category DM1 only DM1 and DM2

Benign Early male frontal alopecia
Pilomatricomas
Other benign
neoplasms (eg,
multiple hemangiomas
of tongue and oral
cavity)

Nevi
abnormalities

Malignant Basal cell carcinoma Cutaneous
melanoma

DM1, Myotonic dystrophy type 1; DM2, myotonic dystrophy type 2.
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to show that DM1-related cancer susceptibility is
modulated by the severity of myotonic dystrophy.44

Studies have been conducted to ascertainwhether
the association between DM1 and tumor develop-
ment is based on biological predisposition rather
than external environmental factors. In a 2016 study
conducted on 255 patients in 1 of 4main hospitals for
DM patients in Rome, Italy, the authors diagnosed
59 benign tumors in 54 patients and 19 malignant
tumors in 17 patients.45 They found an increased risk
of malignant tumors including skin cancer in DM1
patients compared to age-matched controls, but
failed to find any association of tumor development
with exposure to common lifestyle risk factors such
as alcohol consumption, smoking, obesity, or co-
morbidities such as diabetes.45 Similar results were
reported in 2017, in a study on 220 patients enrolled
in the UK Myotonic Dystrophy Patient Registry.46

These findings reaffirm that the observation of
increased cancer risk in DM1 patients must be
primarily driven by genetics rather than environ-
mental influences. Further research is warranted to
elucidate the molecular mechanism of tumorigenesis
in DM1 in order to aid in providing treatments and
prognoses for these patients.
ROLE OF DMPK1 IN TUMORIGENESIS VS
TUMOR SUPPRESSION

Our understanding of the role of DMPK1 in tumor
development is still in its infancy. Using a novel
pyrazolyl-urea kinase inhibitor, GeGe3, Meta et al47

have identified DMPK1 as a novel mediator of
angiogenesis. Using confocal microscopy, they re-
ported that DMPK1 is present in the nucleus and
cytoplasm of endothelial cells. They also showed
that DMPK1 plays a role in the activation of MAPK
signaling, as well as endothelial cell proliferation and
migration.47 GeGe3 was demonstrated to be an
effective inhibitor of tumor angiogenesis by targeting
DMPK1 activity and protein level.47 This finding not
only lends fuel for further development of novel
antiangiogenic drugs based on the GeGe-3 structure
but also provides a potent inhibitor as a tool to study
DMPK’s role in the genesis of BCC and cutaneous
melanoma in myotonic dystrophy.

In contrast, in a recent study, Itoh et al48 demon-
strated that DMPK is a novel candidate mediator of
tumor suppressor p53-dependent apoptosis. The
authors suggest the existence of a p53-p73-DMPK
axis that modulates DNA-damage induced actomy-
osin contraction leading to apoptosis.48 Their data
shows evidence to support the hypothesis that in
response to DNA damage, p53 induces the expres-
sion of DMPK through the upregulation of p73
expression. Taken together, these recent findings
point toward two critical potential roles of DMPK in
cell death as well as tumor angiogenesis. Further
research is warranted to better understand this po-
tential dualistic role of DMPK.

FUTURE DIRECTIONS
In summary, DM1 and DM2 are genetic repeat-

expansion disorders that should become more
familiar to dermatologists given their cutaneous
manifestations (Table II). Pediatric dermatologists
may be the first specialist to examine patients with
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childhood-onset disease, and adult patients can
present to dermatologists with various cutaneous
manifestations including multiple pilomatricomas,
alopecia, and BCC.

Much remains unknown regarding the molecular
mechanisms behind DM1 and DM2, and especially
regarding the pathogenesis of the benign and
malignant cutaneous manifestations. Although the
association between myotonic dystrophy and BCC
was reported more than 3 decades ago, it is only
within the last few years that studies have endeav-
ored to further investigate whether this association
holds true. Recent studies across Europe and the US
have demonstrated that myotonic dystrophy is
strongly associated with BCC as well as cutaneous
melanoma. Our next task over the following
decade is to fill the gap in our understanding of
the molecular mechanisms behind this association
for the development of future therapeutics and the
identification of biomarkers for diagnostic and
prognostic purposes.

Given that DMPK may be a key player in
tumorigenesis and programmed cell death, future
studies in DM1 should focus on determiningwhether
the mutant DMPK RNA affects the cell’s ability to
carry out apoptosis. Further, it would be valuable to
investigate whether the mutant DMPK RNA affects
tumor angiogenesis.

For future clinical studies, it would be important
to first validate the report by Alsaggaf et al44 that DM1
disease severity modulates DM1-associated cancer
susceptibility in cutaneous DM1-related cancers,
such as BCC and melanoma. Furthermore, as
mentioned previously, it would be essential to build
on the clinical studies so far by expanding basic
science research on elucidating the mechanisms of
pathogenesis of DM-associated BCC and melanoma,
which will serve to facilitate the development of
therapeutic drugs.
Conflicts of interest

None disclosed.

REFERENCES

1. Johnson NE, Heatwole CR. Myotonic dystrophy: from bench to

bedside. Semin Neurol. 2012;32(3):246-254. https://doi.org/10.

1055/s-0032-1329202

2. Thornton CA. Myotonic dystrophy. Neurol Clin. 2014;32(3):705-

719. https://doi.org/10.1016/j.ncl.2014.04.011

3. Day JW, Ricker K, Jacobsen JF, et al. Myotonic dystrophy type

2: molecular, diagnostic and clinical spectrum. Neurology.

2003;60(4):657-664. https://doi.org/10.1212/01.WNL.00000544

81.84978.F9

4. Brook JD, McCurrach ME, Harley HG, et al. Molecular basis of

myotonic dystrophy: expansion of a trinucleotide (CTG) repeat

at the 39 end of a transcript encoding a protein kinase family
member. Cell. 1992;68(4):799-808. https://doi.org/10.1016/00

92-8674(92)90154-5

5. Mahadevan M, Tsilfidis C, Sabourin L, et al. Myotonic dystro-

phy mutation: an unstable CTG repeat in the 39 untranslated
region of the gene. Science. 1992;255(5049):1253-1255. https:

//doi.org/10.1126/science.1546325

6. Fu Y, Pizzuti A, Fenwick R, et al. An unstable triplet repeat in a

gene related to myotonic muscular dystrophy. Science. 1992;

255(5049):1256-1258. https://doi.org/10.1126/science.1546326

7. Liquori CL, Ricker K, Moseley ML, et al. Myotonic dystrophy

type 2 caused by a CCTG expansion in intron 1 of ZNF9.

Science. 2001;293(5531):864-867. https://doi.org/10.1126/scien

ce.1062125

8. Meola G, Cardani R. Myotonic dystrophies: an update on

clinical aspects, genetic, pathology, and molecular pathome-

chanisms. Biochim Biophys Acta. 2015;1852(4):594-606. https:

//doi.org/10.1016/j.bbadis.2014.05.019

9. Hunter A, Tsilfidis C, Mettler G, et al. The correlation of age of

onset with CTG trinucleotide repeat amplification in myotonic

dystrophy. J Med Genet. 1992;29(11):774-779. https://doi.org/

10.1136/jmg.29.11.774

10. Tsilfidis C, MacKenzie AE, Mettler G, Barcel�o J, Korneluk RG.

Correlation between CTG trinucleotide repeat length and

frequency of severe congenital myotonic dystrophy. Nat

Genet. 1992;1(3):192-195. https://doi.org/10.1038/ng0692-192

11. Meola G. Clinical aspects, molecular pathomechanisms and

management of myotonic dystrophies. Acta Myol. 2013;32(3):

154-165.

12. Ashizawa T, Dubel JR, Dunne PW, et al. Anticipation in

myotonic dystrophy. II. Complex relationships between clinical

findings and structure of the GCT repeat. Neurology. 1992;

42(10):1877-1883. https://doi.org/10.1212/wnl.42.10.1877

13. Timchenko L. Molecular mechanisms of muscle atrophy in

myotonic dystrophies. Int J Biochem Cell Biol. 2013;45(10):

2280-2287. https://doi.org/10.1016/j.biocel.2013.06.010

14. Philips AV, Timchenko LT, Cooper TA. Disruption of splicing

regulated by a CUG-binding protein in myotonic dystrophy.

Science. 1998;280(5364):737-741. https://doi.org/10.1126/SCIE

NCE.280.5364.737

15. Miller JW, Urbinati CR, Teng-Umnuay P, et al. Recruitment of

human muscleblind proteins to (CUG)(n) expansions associ-

ated with myotonic dystrophy. EMBO J. 2000;19(17):4439-

4448. https://doi.org/10.1093/EMBOJ/19.17.4439

16. Osborne RJ, Thornton CA. RNA-dominant diseases. Hum Mol

Genet. 2006;15(Spec No 2):R162-R169. https://doi.org/10.10

93/HMG/DDL181

17. Taneja KL, McCurrach M, Schalling M, Housman D, Singer RH.

Foci of trinucleotide repeat transcripts in nuclei of myotonic

dystrophy cells and tissues. J Cell Biol. 1995;128(6):995-1002.

https://doi.org/10.1083/jcb.128.6.995

18. Timchenko LT, Miller JW, Timchenko NA, et al. Identification of

a (CUG)n triplet repeat RNA-binding protein and its expression

in myotonic dystrophy. Nucleic Acids Res. 1996;24(22):4407-

4414.

19. Timchenko LT, Timchenko NA, Caskey CT, Roberts R. Novel

proteins with binding specificity for DNA CTG repeats and

RNA CUG repeats: implications for myotonic dystrophy. Hum

Mol Genet. 1996;5(1):115-121. https://doi.org/10.1093/hmg/5.

1.115

20. Timchenko NA, Cai Z-J, Welm AL, Reddy S, Ashizawa T,

Timchenko LT. RNA CUG repeats sequester CUGBP1 and alter

protein levels and activity of CUGBP1. J Biol Chem. 2001;

276(11):7820-7826. https://doi.org/10.1074/jbc.M005960200

21. Timchenko NA, Patel R, Iakova P, Cai Z-J, Quan L,

Timchenko LT. Overexpression of CUG triplet repeat-binding

https://doi.org/10.1055/s-0032-1329202
https://doi.org/10.1055/s-0032-1329202
https://doi.org/10.1016/j.ncl.2014.04.011
https://doi.org/10.1212/01.WNL.0000054481.84978.F9
https://doi.org/10.1212/01.WNL.0000054481.84978.F9
https://doi.org/10.1016/0092-8674(92)90154-5
https://doi.org/10.1016/0092-8674(92)90154-5
https://doi.org/10.1126/science.1546325
https://doi.org/10.1126/science.1546325
https://doi.org/10.1126/science.1546326
https://doi.org/10.1126/science.1062125
https://doi.org/10.1126/science.1062125
https://doi.org/10.1016/j.bbadis.2014.05.019
https://doi.org/10.1016/j.bbadis.2014.05.019
https://doi.org/10.1136/jmg.29.11.774
https://doi.org/10.1136/jmg.29.11.774
https://doi.org/10.1038/ng0692-192
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref9
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref9
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref9
https://doi.org/10.1212/wnl.42.10.1877
https://doi.org/10.1016/j.biocel.2013.06.010
https://doi.org/10.1126/SCIENCE.280.5364.737
https://doi.org/10.1126/SCIENCE.280.5364.737
https://doi.org/10.1093/EMBOJ/19.17.4439
https://doi.org/10.1093/HMG/DDL181
https://doi.org/10.1093/HMG/DDL181
https://doi.org/10.1083/jcb.128.6.995
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref18
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref18
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref18
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref18
https://doi.org/10.1093/hmg/5.1.115
https://doi.org/10.1093/hmg/5.1.115
https://doi.org/10.1074/jbc.M005960200


JAAD INT

JUNE 2022
12 Kong and Pollack
protein, CUGBP1, in mice inhibits myogenesis. J Biol Chem.

2004;279(13):13129-13139. https://doi.org/10.1074/jbc.M312

923200

22. Zu T, Liu Y, Ba~nez-Coronel M, et al. RAN proteins and RNA foci

from antisense transcripts in C9ORF72 ALS and frontotempo-

ral dementia. Proc Natl Acad Sci U S A. 2013;110(51):E4968-

E4977. https://doi.org/10.1073/pnas.1315438110

23. Zu T, Cleary JD, Liu Y, et al. RAN Translation regulated by

muscleblind proteins in myotonic dystrophy type 2. Neuron.

2017;95(6):1292-1305.e5. https://doi.org/10.1016/J.NEURON.

2017.08.039

24. Mankodi A, Logigian E, Callahan L, et al. Myotonic dystrophy in

transgenic mice expressing an expanded CUG repeat. Science.

2000;289(5485):1769-1773. https://doi.org/10.1126/science.2

89.5485.1769

25. Jones K, Wei C, Iakova P, et al. GSK3b mediates muscle

pathology in myotonic dystrophy. J Clin Invest. 2012;122(12):

4461-4472. https://doi.org/10.1172/JCI64081

26. Seznec H, Agbulut O, Sergeant N, et al. Mice Transgenic for the

Human Myotonic Dystrophy Region with Expanded CTG Repeats

Display Muscular and Brain Abnormalities. 10. Oxford University

Press; 2001.

27. Geh JL, Moss AL. Multiple pilomatrixomata and myotonic

dystrophy. A familial association. Br J Plast Surg. 1999;52(2):

143-145.

28. Ciriacks K, Knabel D, Waite MB. Syndromes associated with

multiple pilomatricomas: when should clinicians be con-

cerned? Pediatr Dermatol. 2020;37(1):9-17. https://doi.org/

10.1111/pde.13947

29. Cantwell AR, Reed WB. Myotonia atrophica and multiple

calcifying epithelioma of Malherbe. Acta Derm Venereol.

1965;45(5):387-390.

30. Mueller CM, Hilbert JE, Martens W, Thornton CA, Moxley RT,

Greene MH. Hypothesis: neoplasms in myotonic dystrophy.

Cancer Causes Control. 2009;20(10):2009-2020. https://doi.org/

10.1007/s10552-009-9395-y

31. Park JH, Terushkin V, Brinster N, Leger M, Soter NA. Multiple

pilomatricomas in the setting of myotonic dystrophy. Derma-

tol Online J. 2016;22(12):13030/qt2q9081v5.

32. Kentley J, Nasir S, Lloyd K, Markiewicz D, Harwood CA. Multiple

pilomatrixomas as a presentation of myotonic dystrophy. Clin

Exp Dermatol. 2019;44(4):e149-e150. https://doi.org/10.111

1/ced.13946

33. R€ubben A, Wahl RU, Eggermann T, Dahl E, Ortiz-Br€uchle N,

Cacchi C. Mutation analysis of multiple pilomatricomas in a

patient with myotonic dystrophy type 1 suggests a DM1-

associated hypermutation phenotype. PLoS One. 2020;15(3):

e0230003. https://doi.org/10.1371/journal.pone.0230003

34. Lazar AJF, Calonje E, Grayson W, et al. Pilomatrix carcinomas

contain mutations in CTNNB1, the gene encoding b-catenin. J

Cutan Pathol. 2005;32(2):148-157. https://doi.org/10.1111/j.

0303-6987.2005.00267.x

35. Chan EF, Gat U, McNiff JM, Fuchs E. A common human

skin tumour is caused by activating mutations in

b- catenin. Nat Genet. 1999;21(4):410-413. https://doi.org/

10.1038/7747
36. Moreno-Bueno G, Gamallo C, P�erez-Gallego L, Contreras F,

Palacios J. b-catenin expression in pilomatrixomas. Relation-

ship with b-catenin gene mutations and comparison with

b-catenin expression in normal hair follicles. Br J Dermatol.

2001;145(4):576-581. https://doi.org/10.1046/j.1365-2133.20

01.04455.x

37. Campione E, Botta A, Di Prete M, et al. Cutaneous features

of myotonic dystrophy types 1 and 2: implication of

premature aging and vitamin D homeostasis. Neuromuscul

Disord. 2017;27(2):163-169. https://doi.org/10.1016/j.nmd.

2016.11.004

38. Portaro S, Naro A, Guarneri C, Di Toro G, Manuli A, Calabr�o RS.

Hemangiomas of the tongue and the oral cavity in a myotonic

dystrophy type 1 patient: a case report. Medicine (Baltimore).

2018;97(48). https://doi.org/10.1097/MD.0000000000013448

39. Stieler W, Plewig G. Multiple basaliomas in Curschmanne
Steinert myotonia atrophica. Article in German. Hautarzt. 1986;

37:226-229.

40. Feng J, Lachance A, Sinclair DA, Asgari MM. Multiple basal cell

carcinomas in a patient with myotonic dystrophy type 1. BMJ

Case Rep. 2019;12(3):e227233. https://doi.org/10.1136/bcr-

2018-227233

41. Wang Y, Pfeiffer RM, Alsaggaf R, et al. Risk of skin cancer

among patients with myotonic dystrophy type 1 based on

primary care physician data from the UK Clinical Practice

Research Datalink. Int J Cancer. 2018;142(6):1174-1181. https:

//doi.org/10.1002/ijc.31143

42. Marcoval J, Oliv�e M, Bonfill-Ort�ı M, Mart�ınez-Molina L, Tala-

vera-Belmonte A. Cutaneous neoplasms in myotonic dystro-

phy type 1. Dermatology. 2016;232(6):700-703. https://doi.org/

10.1159/000456074

43. Emparanza JI, L�opez de Munain A, Greene MH, Matheu A,

Fern�andez-Torr�on R, Gadalla SM. Cancer phenotype in myo-

tonic dystrophy patients: results from a meta-analysis. Muscle

Nerve. 2018;58(4):517-522. https://doi.org/10.1002/mus.26194

44. Alsaggaf R, St. George DMM, Zhan M, et al. Cancer risk in

myotonic dystrophy type I: evidence of a role for disease

severity. JNCI Cancer Spectr. 2018;2(4):pky052. https://doi.org/

10.1093/jncics/pky052

45. Bianchi MLE, Leoncini E, Masciullo M, et al. Increased risk of

tumor in DM1 is not related to exposure to common lifestyle

risk factors. J Neurol. 2016;263(3):492-498. https://doi.org/10.

1007/s00415-015-8006-y

46. Alsaggaf R, Wang Y, Marini-Bettolo C, et al. Benign and

malignant tumors in the UK myotonic dystrophy patient

registry. Muscle Nerve. 2018;57(2):316-320. https://doi.org/10.

1002/mus.25736

47. Meta E, Imhof BA, Ropraz P, et al. The pyrazolyl-urea GeGe3

inhibits tumor angiogenesis and reveals dystrophia myotonica

protein kinase (DMPK)1 as a novel angiogenesis target.

Oncotarget. 2017;8(64):108195-108212. https://doi.org/10.186

32/oncotarget.22598

48. Itoh K, Ebata T, Hirata H, et al. DMPK is a new candidate

mediator of tumor suppressor p53-dependent cell death.

Molecules. 2019;24(17). https://doi.org/10.3390/molecules2

4173175

https://doi.org/10.1074/jbc.M312923200
https://doi.org/10.1074/jbc.M312923200
https://doi.org/10.1073/pnas.1315438110
https://doi.org/10.1016/J.NEURON.2017.08.039
https://doi.org/10.1016/J.NEURON.2017.08.039
https://doi.org/10.1126/science.289.5485.1769
https://doi.org/10.1126/science.289.5485.1769
https://doi.org/10.1172/JCI64081
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref26
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref26
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref26
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref26
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref27
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref27
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref27
https://doi.org/10.1111/pde.13947
https://doi.org/10.1111/pde.13947
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref29
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref29
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref29
https://doi.org/10.1007/s10552-009-9395-y
https://doi.org/10.1007/s10552-009-9395-y
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref31
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref31
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref31
https://doi.org/10.1111/ced.13946
https://doi.org/10.1111/ced.13946
https://doi.org/10.1371/journal.pone.0230003
https://doi.org/10.1111/j.0303-6987.2005.00267.x
https://doi.org/10.1111/j.0303-6987.2005.00267.x
https://doi.org/10.1038/7747
https://doi.org/10.1038/7747
https://doi.org/10.1046/j.1365-2133.2001.04455.x
https://doi.org/10.1046/j.1365-2133.2001.04455.x
https://doi.org/10.1016/j.nmd.2016.11.004
https://doi.org/10.1016/j.nmd.2016.11.004
https://doi.org/10.1097/MD.0000000000013448
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref39
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref39
http://refhub.elsevier.com/S2666-3287(21)00077-8/sref39
https://doi.org/10.1136/bcr-2018-227233
https://doi.org/10.1136/bcr-2018-227233
https://doi.org/10.1002/ijc.31143
https://doi.org/10.1002/ijc.31143
https://doi.org/10.1159/000456074
https://doi.org/10.1159/000456074
https://doi.org/10.1002/mus.26194
https://doi.org/10.1093/jncics/pky052
https://doi.org/10.1093/jncics/pky052
https://doi.org/10.1007/s00415-015-8006-y
https://doi.org/10.1007/s00415-015-8006-y
https://doi.org/10.1002/mus.25736
https://doi.org/10.1002/mus.25736
https://doi.org/10.18632/oncotarget.22598
https://doi.org/10.18632/oncotarget.22598
https://doi.org/10.3390/molecules24173175
https://doi.org/10.3390/molecules24173175

	Cutaneous findings in myotonic dystrophy
	Background
	Genetic and molecular mechanism of pathogenesis
	Benign cutaneous manifestations
	Skin cancer and myotonic dystrophy
	Role of DMPK1 in tumorigenesis vs tumor suppression
	Future directions
	Conflicts of interest
	References


