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We propose that CNVs involving chromosome 4q26–27 may 
be associated with Cantu syndrome. CNVs spanning several 
genes may help define the molecular basis of syndromes 
which have unrelated clinical features. 
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 Introduction 

 Inherited hypertrichoses are very rare human disor-
ders whose incidence as a group has been estimated to be 
as low as 1 in 1 billion  [1] . Very few human syndromes 
have hypertrichosis as one of the main features. These 
syndromes include hypertrichosis universalis congenita 
(MIM145700), Ambras syndrome (MIM145701), gingival 
fibromatosis with hypertrichosis (MIM135400), Barber-
Say syndrome (MIM209885), gingival fibromatosis with 
hypertrichosis and mental retardation (MIM605400), 
X-linked hypertrichosis (MIM307150), acromegaly with 
hypertrichosis and Cantu syndrome (MIM239850)  [2] . 
The genetic causes of congenital hypertrichosis are large-
ly unknown, and to date no single gene has been associ-
ated with or mutated in hypertrichosis. Therefore, sev-
eral alternate genetic mechanisms, including epigenet-
ic dysregulation, miRNA dysregulation, chromosomal 
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 Abstract 

  Background:  Cantu syndrome is a rare condition which is 
characterized clinically by hypertrichosis, cardiomegaly and 
bone abnormalities. Inherited hypertrichoses are very rare 
human disorders whose incidence has been estimated as 
low as 1 in 1 billion. The genetic basis of hypertrichosis is 
largely unknown, and currently no single gene has been di-
rectly implicated in its pathogenesis, although position ef-
fects have been reported.  Methods:  We analyzed the DNA 
of a patient with Cantu syndrome on the Affymetrix Cytoge-
netics Whole-Genome 2.7M array for copy number varia-
tions (CNVs). We then performed genomic copy number 
quantification using qPCR, and finally we performed gene 
expression analysis in the hair follicle for the genes lying 
within and around the region of the duplication.  Results:  We 
identified a 375 kb duplication on chromosome 4q26–27. 
The duplication region encompassed three genes, which in-
cluded  MYOZ2 ,  USP53  and  FABP2 .  MYOZ2  and  USP53  are 
known to be highly expressed in the cardiac muscle, and we 
found that  USP53  is expressed in the hair follicle.  Conclusion:  
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translocations with position effects and copy number 
variations (CNVs) may play a role in the pathogenesis of 
hypertrichosis. Over the past two decades, there have 
been several reports of hypertrichosis in association with 
chromosomal rearrangements  [3–8] . Moreover, we have 
previously described several patients with Ambras syn-
drome, secondary to position effects on  TRPS1  gene  [7]  
and recently, it has been reported that CNVs on chromo-
some 17 are associated with isolated hypertrichosis and 
hypertrichosis with gingival fibromatoses  [8] . 

  Cantu syndrome is a very rare genetic disorder of un-
known etiology and is characterized clinically by congen-
ital hypertrichosis, cardiomegaly and bone abnormalities 
 [9] . The inheritance pattern is unclear, although autoso-
mal dominant, autosomal recessive and sporadic occur-
rence have been reported  [9–12] . Here, we present evi-
dence for a spontaneous case of congenital hypertrichosis, 
cardiomegaly and coarse facies suggestive of Cantu syn-
drome resulting from a novel CNV on chromosome 4. 

  Methods 

 After obtaining informed consent, we collected peripheral 
blood samples from the affected individual. We performed a 
karyotype analysis to check for any chromosomal aberration. The 
chromosomes were prepared from a 72 h phytohemagglutinin-
stimulated peripheral blood culture. Standard procedures for cul-
tures, harvests, and slide preparation were modified and per-
formed in our laboratory as previously described  [13] . The chro-
mosomes were analyzed with GTG banding, and the karyotypes 
were described according to the International System for Human 
Cytogenetic Nomenclature (ISCN 2009)  [14] . 

  We then analyzed the genomic DNA on the Affymetrix Cyto-
genetics Whole-Genome 2.7M array, which provides whole ge-

nome coverage with a high density of 2.7 million markers. Mark-
ers on this array are placed on average every 1 kb. The array in-
cludes 2.4 million non-polymorphic markers that detect CNVs. 
This array also includes 400,000 SNPs which enable the detection 
of loss of heterozygosity, uniparental disomy and regions of iden-
tity-by-descent. Coverage includes 99.1% of RefSeq, genes, 100% 
of cancer genes, 98.1% of X-linked genes and 99.2% of OMIM 
genes. Analysis of the data was then performed on the Affyme-
trix �  Chromosome Analysis Suite. We performed genomic copy 
number quantification using qPCR in the duplicated region. Sub-
sequently, we performed gene expression assays using semi-quan-
titative RT-PCR in the hair follicle for the genes lying within the 
region of the duplication and immunofluorescence. Frozen skin 
sections (8 mm thick) from a control were fixed in 4% para-
formaldehyde for 15 min and incubated in blocking buffer (5% 
goat serum) for 1 h. Immunohistochemistry was performed in 
these sections using an anti-USP53 polyclonal antibody (Sigma-
Aldrich) (1:   100 dilution) raised in rabbit, followed by an Alexa 
Fluor 488-conjugated goat anti-rabbit secondary antibody (Invi-
trogen) (1:   800 dilution).

  Results 

 The patient was an 18-year-old female born with gen-
eralized hypertrichosis more pronounced on the face and 
back associated with coarse facial features. Cardiac ex-
amination revealed a cardiac murmur. An echocardio-
gram was performed and revealed a patent ductus arte-
riosus with cardiomegaly. The patient was also found to 
have several bone abnormalities including bifid 5th rib, 
synostosis of the 6th and 7th ribs and scoliosis. She also 
had mild neurodevelopmental delay and severe obesity 
(BMI  1 40). The karyotype of the patient was normal 
46XX. Using the Affymetrix Cytogenetics Whole-Ge-
nome 2.7M array, we detected a novel 375 kb duplication 

375 kb duplication
120 kb

700 kb

  Fig. 1.  Analysis of the patient’s DNA on the 
Affymetrix Cytogenetics Whole-Genome 
2.7M array revealed a 375 kb duplica-
tion (indicated by the large blue rectan-
gle) on chromosome 4q26–27 overlying 
three genes completely, these genes be-
ing  MYOZ2 ,  USP53  and  FABP2 . PDE5A, 
a phosphodiesterase enzyme involved in 
cardiovascular system functioning, lies in 
the vicinity of the duplication. 
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on chromosome 4q26–27. The region of duplication en-
compassed the three genes  MYOZ2 ,  USP53  and  FABP2  
( fig. 1 ). The duplication occurred in a region not reported 
to harbor normal polymorphic CNVs. 

  We next performed genomic PCR copy number for 
quantification, which confirmed that the duplication was 
present ( fig. 2 ). We then performed gene expression stud-
ies for the three genes in the hair follicle and found that 
 USP53  was also expressed in the hair follicle ( fig. 3 ).

  Discussion 

 Hypertrichosis is rarely reported as an isolated finding 
and is usually part of a more complex syndrome. Cranio-
facial malformations and cardiac defects  [15–17]  are fre-
quently associated with congenital hypertrichosis. Thus, 
genes implicated in hypertrichosis may be clustered close 
to those involved in craniofacial and cardiac develop-
ment, or alternatively, genes which are involved in car-
diac and craniofacial formation might also be involved in 
hypertrichosis. The observation that many syndromes 
related to hypertrichosis with cardiac or craniofacial 

anomalies are associated with chromosomal aberrations 
and no definite gene mutations may suggest that muta-
tions in these genes are lethal early in embryonic life, 
whereas chromosomal alterations affecting gene dosage 
or expression and CNVs may result in less severe pheno-
types  [7, 15, 16] .

  Contiguous gene syndromes are characterized by un-
related clinical features due to the deletion of a series of 
nearby genes. CNVs lead to similar syndromes due to dif-
ferential expression of several genes lying in the vicinity 
of the variation. Here, we identified a 375 kb duplication 
which completely contained three genes. None of these 
genes have been previously reported to be associated with 
any human disease. Of note,  MYOZ2  is expressed in car-
diac muscle. Myozenins may serve as intracellular bind-
ing proteins involved in linking Z-disk proteins such as 
alpha-actinin  [18] .  MYOZ2–/–  mice lead to the activation 
of a hypertrophic gene involved in cardiomegaly  [19] . 
 USP53  has also previously been shown to be expressed in 
the human cardiac muscle and most likely functions as a 
ubiquitin-specific protease, though its function is yet un-
clear. Interestingly, we found that  USP53  is also expressed 
in the hair follicle. These data might suggest the presence 
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  Fig. 2.  Semi-quantitative PCR performed for the genes within the 
region of duplication found on the Affymetrix Cytogenetics 
Whole-Genome 2.7M array confirmed that the duplication was 
real (MYOZ1 and MYOZ2 are within the  MYOZ  gene, USP53 is 
within the  USP53  gene, FABP2 is within the  FABP2  gene, and 
downstream lies within the region downstream of the duplication). 

25 cycles 29 cycles 33 cycles

B2M B2M B2MMYOZ2 MYOZ2 MYOZ2USP53 USP53 USP53FABP2 FABP2 FABP2P2RY5 P2RY5 P2RY5

a

b

  Fig. 3.   a  Semi-quantitative RT-PCR done on hair follicles from 
normal individuals revealed that  USP53  is expressed in the hair 
(B2M is a housekeeping gene and P2RY5 is a positive control). 
 b   USP53  is mainly expressed in the outer root sheath of the hair 
follicle.   
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of a contiguous gene syndrome in our case, where the du-
plication overlying several genes could have resulted in 
differential expression of these genes, resulting in cardiac 
abnormality and hypertrichosis. 

  Recently, CNVs were shown to be associated with hy-
pertrichosis and gingival fibromatoses on chromosome 
17q24.2–24.3  [8] . Moreover, a role of CNVs has been 
shown in the pathogenesis of several diseases, including 
psoriasis, inflammatory bowel disease, chronic obstruc-
tive pulmonary disease, Charcot Marie Tooth disease and 
schizophrenia, to name a few  [20, 21] . Generally, CNVs of 
 1 100 kb are considered pathogenic. CNVs can result in 
disease through effecting gene dosage within the CNV or 
through differential gene expression as a result of a posi-
tion effect. 

  We have previously found that Ambras syndrome is 
associated with a position effect on the  TRPS1  gene on 
chromosome 8  [7] . A position effect is defined as an al-
teration in gene expression caused by a change in the 
position of a gene relative to its native chromosomal 
surroundings  [22] . Gene expression can be affected by a 
variety of mechanisms, for example disruption of tran-
scriptional regulation in cis and/or modification of the 
surrounding chromatin structure. The resulting pheno-
type may be attributed to separation of the gene from a 
nearby tissue- or temporal-specific modifier of gene ex-
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  Cantu syndrome is a condition which is defined ac-
cording to phenotypic features since the molecular basis 
is not yet defined. The diagnosis of Cantu syndrome is 

made clinically, whenever patients present with abnor-
malities affecting the heart, the hair distribution pattern 
and the bone. Here, we presented a patient with hypertri-
chosis, cardiomegaly and coarse facies, in whom we 
found a duplication on chromosome 4q26–27. We suggest 
that abnormalities involving chromosome 4q26–27 and 
affecting several genes in the vicinity may be associated 
with additional cases of Cantu syndrome. Other regions 
in the genome might also be associated with Cantu syn-
drome, since additional regions may contain nearby 
genes which are implicated in hair morphogenesis and 
cardiac development. CNVs may be associated with sev-
eral of the syndromes whose pathogenesis is yet un-
known. Searching for CNVs may be useful in the setting 
of syndromes that contain several unrelated clinical fea-
tures, especially in de novo cases and in the setting of 
unclear Mendelian inheritance patterns.
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